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Abstract

Abstract

Indigenous livestock species are characterized as being locally adapted, displaying low
productivity but high levels of genetic diversity. They are usually resistant to diseases and suit
smallholder farmers’ needs in harsh environments; hence, they represent an important resource
for achieving food security in developing countries. Understanding the genetic basis of their
environmental adaptations has important implications for the design of breeding improvement
programs. Likewise, it may guide conservation initiatives aiming to preserve their unique
adaptive diversity. Both are equally important in the current climate change scenarios

challenging agricultural production systems and threatening livestock diversity.

Under variable tropical ecologies and scavenging conditions, Ethiopian indigenous chickens
exhibit unique adaptations to their environments. However, little is known about the genetic
mechanisms of these environmental adaptations with, so far, no in-depth analysis of the

agroclimatic adaptive stressors.

Here, an innovative approach - that integrates Ecological Niche Modelling (ENM) and genome
analyses (signatures of positive selection and genomic-environmental association analyses) —
is applied (i) to dissect Ethiopian chicken agro-ecologies leading to the identification of the
key environmental stressors, (ii) to identify and to define Ethiopian chicken ecotypes, and (iii)

to identify the genetic responses to key environmental stressors.

After a brief explanation of the research context in Chapter 1 (Setting the scene), the thesis

includes four results chapters.

Chapter 2 reports the diversity and population structure of the studied populations. Using

Galgal_6.0 (GRCg6a) as the reference genome, 243 whole-genome sequences were analysed
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from Ethiopian indigenous village chickens belonging to 25 populations from diverse agro-
climatic zones representing wide ecological conditions. About 19.6 million SNPs were
characterized in the populations of which 29% (n = 5.6 million) were novel. While significant
genetic variations are observed within the studied populations, little genetic differentiation was
observed among the populations based on Fst, PCA, and admixture analyses. Population
structure analyses show two major groups and several subgroups in the PCA plot, whereas
three ancestral gene pools are revealed by admixture. The two main groups in the structure of
the populations may likely reflect two temporally distinct migration paths of chicken into the
African continent (Egypt and the East African coast). In comparison, the three ancestral genetic
backgrounds can reflect these two migration routes and an additional third genetic background

that remains unknown.

Before dissecting the genomic patterns of adaptation, the environmental characterization of the
studied populations was performed in Chapter 3. By following an Ecological Niche Modelling
approach, we identified six agro-climatic variables from an initial set of 34 as important
predictors of the chicken habitats. These key predictors include one temperature variable
(correlated to elevation), three precipitation variables (related to water availability), and two
soil/land variables (linked to food availability). Twelve chicken ecotypes were proposed by

characterizing the population habitats based on these six key environmental stressors.

Genomic signatures of environmental adaptation were then investigated in Chapter 4 and

Chapter 5.

In Chapter 4, populations were ranked accordingly to the six key agro-climatic variables
identified in Chapter 3. Signatures of positive selection for each extreme population pair

(highest and lowest values for each environmental parameter) were investigated using Fst and
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XP-EHH methods. Strong candidate selected regions identified overlapping genes that have
highly relevant functions for adaptation to high-altitude stresses (e.g. hypoxia, thrombosis, and
cold temperatures) (UTP18, SLC43A3, P2RX3, CLP1, YPEL4, RTN4RL2, PGR2/3), high
temperature (TOGARAML1), water scarcity (MANEA, HTR2C, EPHAY), and food availability

under scavenging conditions (THSD4, HBE1).

In Chapter 5, genome-environmental association analysis was dissected within the 12
Ethiopian chicken ecotypes identified in Chapter 3. Within-ecotypes selection signature
analyses were first performed by applying the Hp and iHS methods. This was followed by a
multivariate Redundancy Analysis (RDA) to identify genomic marker outliers overlapping the
sweep regions. A total of 616 outlier SNPs were identified. Only variants with environmental
correlation ~ 0.3 were retained for further investigation. Candidate genes included some with
functions related to thermotolerance (LDLRAD3, TNIP2, GPX7), immune response (PTPRZ1),

and feed metabolisms (GPCPD1, NHLRC2, TSHD7B).

Overall, this PhD research exemplifies the use of ENM for dissecting environmental adaptation
in indigenous chicken populations. It demonstrates that ENM integrated with genome-
environmental association analyses is a powerful tool for studying environmental adaptation in
livestock species. The outlined methodology identified several key environmental stressors
allowing subsequently to investigate the genomic responses to natural selection. Moreover, the
ENM based environmental characterization of the chicken habitats represents an innovative
approach for livestock ecotypes identification with potential major applications for

conservation and sustainable breeding improvement.
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Chapter One

Chapter 1

General introduction



Chapter One

This thesis presents the research results aiming to develop a novel approach for the
identification, characterisation, and study of tropical adaptation in African poultry
ecotypes. The outcomes of the research are expected to contribute to the African

Chicken Genetic Gains (ACGG) programme (https://www.ilri.org/research/projects/

african-chicken-genetic-gains-acgg) under the auspices of the International Livestock

Research Institute (ILRI). In particular, we aim to address the current challenges of
improving the village poultry productivity of local farming systems and improve the
nutritional and financial security of the smallholder poultry keepers in Ethiopia by
understanding the environmental constraints of scavenging systems and the genome

responses against such challenges.

1.1 Context of the study

Human population growth has led to increased demand for food. Today, two billion
people, or 25.9% of the global population, do not have regular access to sufficient food
and are experiencing hunger (FAO, 2020a). The situation is particularly acute in Eastern
Africa, where smallholder farmers are paying a heavy toll due to climatic fluctuation,
including the effects of climatic changes and natural disasters (e.g. desert locust

outbreaks) (WFP, 2020).

With around 112 million people, Ethiopia is the 12" most populated country in the
world (UN, 2019). Roughly 80% of the Ethiopian population relies on agriculture and
livestock for their livelihoods. It is a country where unforeseen climate disasters often
leave many people exposed to food insecurity (FAO, 2020b). Livestock production is a
crucial element of the agricultural production system in Ethiopia. The farm system is
divided into smallholder mixed farming in the highlands and pastoralism in the

lowlands (Kassahun & Poulton, 2014).


https://www.ilri.org/research/projects/
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The poultry population plays a crucial role in the country’s economy and is considered
a valuable resource for improving the livelihoods of the growing Ethiopian human
population (Dessie, 2011a). The Ethiopian poultry population comprises approximately
60 million chickens, 90.8% of which is represented by native breeds, 4.4% by hybrids,
and 4.8% by exotic breeds (FAO, 2019). Indigenous village chickens serve as an
important source of protein supply for human consumption, even though very little
capital is invested in their farming. Egg sales enable poultry keepers to obtain money
for their family needs, making poultry production a poverty alleviation tool (Wilson,
2010). Besides, from cultural and religious perspectives, poultry represents a
particularly useful source of animal protein. It is exempt from any religious taboo,
except during fasting time for the Ethiopian orthodox community, and poultry products
are consumed by all ethnic groups in different social strata (Wilson, 2010). Also, poultry
production is an important strategy to promote gender equality in rural areas where
women often are the custodians of backyard-reared chickens and benefit from the sale
of the birds and eggs (Gheye, 2000). Poultry farming in Ethiopia (and in Africa in
general) is largely extensive. It is represented predominantly by a backyard scavenging
or semi-scavenging production system, consisting of small chicken flocks of typically
7 to 10 mature birds per household (Pagani & Abebe, 2008; Alemu, 2008; Wilson,
2010). Indigenous chickens, reared in such smallholder farming practices, show high
phenotypic diversity, including plumage colour and pattern, comb type, weight-body
conformation, and eggshell size (Wilson, 2010) but often suffer from low productivity,
low hatchability, and high chick mortality through predation (Manyelo et al., 2020).
However, indigenous chickens have special adaptive features that make them more

resistant and suitable for production purposes in harsh and variable agro-ecological
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environments than most exotic commercial breeds (Pagani & Abebe, 2008; Psfidi et al.,

2016; Muchadeyi & Dzomba, 2017).

The Ethiopian landscape includes about 50% of the African mountains, causing large
variation in elevations, ranging from 126 m below sea level in the Danakil depression
to 4533 m above sea level in the Semien Mountains (Asefa et al., 2020). The
combination of topography, soils, temperature, and rainfall in Ethiopia represents
eleven Afro-tropical eco-regions. Therefore, the country has been designated a hotspot

of global importance for biodiversity conservation (Olson & Dinerstein, 2002).

Indigenous chickens that show adaptation to their agro-climatic conditions are often
referred to as ecotypes. However, wide variations in landscape patterns and large
diversity in chicken phenotypes observed in Ethiopia represent a challenge in
characterising chicken populations and defining ecotypes associated with specific agro-
ecologies. Also, little is known about how the adaptive pressure of different
environmental variables has shaped the genetic characteristics of these populations or
potential ecotypes. Likewise, little effort has been made to characterise the ecosystems
to identify the main environmental selection factors (Muchadeyi & Dzomba, 2017).
Previous studies in poultry scrutinise a particular environmental stressor (e.g. elevation
or heat stress) (Zhang et al., 2016a; Cedraz et al., 2017) or specific ecotypes (generally
defined based on specific geographic regions or bearing a distinctive morphological

feature) (Walugembe et al., 2019).

1.2 Rationale and objectives for the study

Insights of how evolutionary forces shape the genetic diversity and adaptation of

livestock species will provide useful information for conservation, management, and
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genetic improvement (Mignon-Grasteau et al., 2005; Boettcher et al., 2015). Many
efforts have been made in the genetic characterisation of farm animals (Groeneveld et
al., 2010; Eynard, 2018; van Marle-Koster & Visser, 2018). However, indigenous
chickens living in diverse agro-climatic conditions have been up to now poorly
characterised. This study aims to identify and to characterise the environmental
adaptation of Ethiopian indigenous chicken at genome level. A novel approach for
defining ecotypes by integrating Ecological Niche Modelling (ENM) with genomic
analyses is proposed. It includes a detailed characterisation of the agro-climatic

conditions and the detection of signatures of positive selection.

The principal objectives of this study are as follows:

To analyse the genetic diversity and population structure of different Ethiopian

indigenous chicken populations (Chapter 2).

- To perform an environmental characterisation of the agro-ecologies where
Ethiopian indigenous chickens survive and identify the major agro-climatic
variables playing an important role as potential ecological stressors or
adaptation drivers (part of Chapter 3).

- To define chicken “ecotypes” based on environmental characterisation of the
agro-ecologies of population habitats (part of Chapter 3).

- To identify the genomic regions under strong positive selection in response to

specific environmental stressors across and within the defined ecotypes (results

split in Chapters 4 and 5).
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Chapter 2

Genetic diversity and population structure of indigenous
Ethiopian village chicken
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Abstract

Local chicken populations used for backyard smallholder farming in Ethiopia are
adapted to the diverse agro-climatic conditions observed in the country. They show a
higher tolerance for biotic and abiotic stressors than improved commercial breeds.
Understanding the genomic diversity and population structure of such indigenous
populations is the first step in exploring the adaptive features that have allowed them to
survive in diverse agro-climatic ecologies. To this effect, the present study analyses
whole-genome sequence data from 243 indigenous chicken samples from 25 different
populations across diverse Ethiopian landscapes. Sequence reads were mapped against
the latest chicken reference genome (GRCg6a) to identify Single Nucleotide
Polymorphism (SNP) variants. Different measures of genetic diversity were explored,
including the proportion of novel variants, heterozygosity estimation, inbreeding levels,
population structure based on Principal Component Analysis (PCA) and Admixture
analysis, population differentiation based on Fst, and genome-wide LD structure. A
total of 19.6 million SNPs were identified with 10 to 11.6 million SNPs per population
and observed mean population heterozygosity ranging between 0.26 to 0.33. Except for
two main groups (populations from the eastern part of the country), only a weak sub-
structuring of the populations is observed. Even though admixture analysis suggested
contributions from three major ancestral populations, low levels of pairwise population
differentiations were observed with Fst values ranging between 0 to 0.12. Average LD
r? values range between 0.2 — 0.3 across population groups, consistent with previous
results on crossbreed chicken populations. These results indicate a large genetic
variability but weak population structure among the Ethiopian indigenous chickens

examined.
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2.1 Introduction

Ethiopia ranks first in Africa and tenth globally in terms of inventory of livestock
populations (Getu, 2014). This includes a chicken population of around 60M, of which
most are represented by indigenous breeds (FAO, 2019). Backyard farming
predominantly depends on indigenous breeds due to their adaptability to local farming
systems (e.g. scavenging conditions) and harsh environments. However, the Ethiopian
agricultural landscape shows varied climatic conditions such as hot-arid, hot-humid,
cold-arid, and cold-humid agro-ecologies, represented by 17 agro-climatic zones
(Hurni, 1998). These wide diversity patterns in phenotypes and environments represent
a challenge for classifying Ethiopian indigenous chickens as breeds or ecotypes. The
Domestic Animal Genetic Resources Information System (DAGRIS) currently includes
information on ten varieties/ecotypes of chickens from Ethiopia (Tepi, Kei, Tilili,
Naked neck, Horro, Netch, Chefe, Tikur, Jarso, and Gesima) (DAGRIS, 2007).

Several studies have now examined the phenotypic and genetic diversity of Ethiopian
indigenous village chickens. For example, Dessie et al. (2011b), and Desta et al. (2013),
reported the phenotypic diversity of Ethiopian chickens from Horro (Western Ethiopia)
and Jarso (Eastern Ethiopia) regions, which represent different agricultural farming
systems and ecological landscapes. They showed that chickens display various
phenotypes within populations with differences in plumage colour, pattern, size, comb
shape, and skin colour (Dessie et al., 2011b; Desta et al., 2013). Mitochondrial DNA
analyses have shown the predominant presence of two main haplogroups of sequences
(Mwacharo et al., 2011; Al-Jumaili et al., 2020). One haplogroup, likely the more
ancient one, originated primarily from the Indian subcontinent and probably reached
Africa via Egypt following a terrestrial route. The second haplogroup is likely the

legacy of the Indian Ocean maritime trading routes along the East African coast,
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originally coming from as far Southeast and East Asia (Muchadeyi et al., 2008;
Mwacharo et al., 2011; Lyimo et al., 2013; Prendergast et al., 2017; Al-Jumaili et al.,
2020). Studies examining the microsatellite and nucleotide genetic diversity of East
African chicken have reported at least two (Goraga et al., 2011) and possibly three
(Mwacharo et al., 2013a) genetic backgrounds across village chicken. Only a single
study (Lawal et al. 2018) has examined the genetic diversity of Ethiopian chickens
using full genome sequencing. This study, however, included only two Ethiopian
chicken populations - Horro and Jarso. Approximately 17 million SNPs, corresponding
to a density of ~16 SNPs/kb and ~13% novel variants, were identified. Average
observed heterozygosity (0.31 — 0.05), the nucleotide diversity (= = 0.003 — 0.004), and
Fst (0.11 —0.14) suggested high genetic diversity but weak differentiation among these

chicken populations (Lawal et al., 2018).

Constant improvements in high throughput sequencing technologies reduce the cost of
whole-genome sequencing (WGS), thereby allowing the scrutiny of the genetic
diversity at a genome-wide level by sequencing many samples. This information can
then be used to design breeding programs aiming to enhance productivity and
performance (e.g. disease resistance, climatic resilience) while conserving important
genetic diversity sustainably (e.g. preserving local ecotypes with unique environmental

adaptations) (Bettridge et al., 2018).

WGS analyses of chickens have also been supported by continuous development of the
chicken genome reference assembly, the first avian and livestock species whose genome
sequence was assembled and has had several improvements (Schmid et al., 2015). The
latest reference build, GRCg6a (galGal6), released in March 2018, represents a
significant improvement compared to the previous build, galGal5. It was generated

based on the single-molecule real-time (SMRT) sequencing technology of Pacific
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Biosciences with a sequencing depth of approximately 80x (GRCg6a, 2018). The
current reference has a total sequence length of around 1.07 Gigabase, containing
16,878 coding genes, 39,288 transcripts and 7,166 non-coding genes

(https://www.ensembl.org/Gallus_gallus/Info/Annotation). In comparison, galGal5

had a full size of 1.23 Gigabases with 18,346 coding genes, 38,118 transcripts, and
6,492 non-coding genes. The use of long-read sequences not only refined the galGal6
genome assembly but also led to the improvements to de novo assembly algorithms,
manual annotation of the assembled contigs, and integration of finished BAC clone

sequences (https://www.ncbi.nlm.nih.gov/grc/chicken). These upgrades are reflected in

the differences in size and number of annotation categories between galGal5 and
galGal6. The galGal5 assembly includes a total of 23,869 scaffolds with 397 genome
gaps and 24,692 contigs. Contrarily, galGal6 contains only 524 scaffolds with 68
genome gaps and 1,402 contigs, including 34 of the 39 chromosome pairs of the chicken

genome (https://www.ncbi.nlm.nih.gov/assembly/GCF_000002315.6). Also,

chromosome 16, which contains the Nuclear Organising Region (NOR) and the Major
Histocompatibility Complex (MHC), has major improvements in galGal6 assembly. Its
total length in galGal6 is 2.8 megabases, and the scaffold-N50 length is 1.5 megabases.
The corresponding lengths in galGal5 were only 0.6 megabases and 145 kilobases,

respectively (https://www.ncbi.nlm.nih.gov/assembly/GCF_000002315.6#/st).

Although there are still some issues regarding the latest galGal6 chicken genome (e.g.

assembly of several microchromosomes still missing) (https://www.ncbi.nlm.nih.gov/

grc/chicken/issues), this version is much more informative. It offers a new valuable

resource for chicken genomic research.

This chapter reports the genetic diversity of Ethiopian indigenous chickens based on

single nucleotide polymorphisms (SNPs) detected from genome sequence data on 243
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samples from 25 different populations and using the galGal6 reference build for
mapping and variant calling. It also examines the population structure and
differentiation among these populations. Together, these pieces of information provide
updated baseline knowledge for the subsequent signature of selection analyses
conducted in Chapters 4 and 5, aiming to understand the genomic adaptation of

Ethiopian chickens to their environments.

2.2 Materials and Methods

2.2.1 Sampling and sequencing

Sampling was carried out as part of the African Chicken Genetic Gains project

(https://africacgg.net/) in collaboration with the Centre for Tropical Livestock Genetics

and Health (www.ctlgh.org) and the Ethiopian Institute of Agricultural Research

(EIAR) (Kebede, 2018). Two hundred twenty-three adult (over six months old)
chickens from 23 villages across 12 districts and six different national regions (Afar,
Ambhara, Gumuz, Oromia, SNNPR — Southern Nations, Nationalities, and People’s
Region, and Tigray) were sampled. From any household, a maximum of two birds (one
male and one female) were sampled. Blood was collected from the jugular for DNA

extraction (see Kebede (2018) for full details).

Twenty additional samples from Horro and Jarso populations from a previous study
(Lawal et al., 2018; Bettridge et al., 2018) were also included, bringing the total number
of samples to 243 and the number of villages sampled to 25. The sampled populations
represent different Ethiopian climatic and agro-ecological zones (Table 2.1 and Figure
2.1). Whole-genome sequencing of individual samples was performed on the HiSeq 200

[llumina platform with an average coverage of ~45X.
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Table 2.1 Analysed samples across twenty-five Ethiopian populations
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Mean Mean Traditional Geographic
Kebele? NP Longitude Latitude Elevation rainfall Temperature AEZ-16° e g h

(mm) (°C) classification region
Adane 10 36.894902 11.074785 2280 - 2734 900 - 1000 14-18 cool / sub-humid Moist dega Ambhara
AlfaMidir 10 | 36.865141 11.084692 3304 — 3451 > 1000 10-14 cold / sub-humid Moist wurch Ambhara
Amesha Shinkuri 10 37.083 10.986 2417 - 2564 900 - 1000 14-18 cool / sub-humid Moist dega Ambhara
Arabo 10 36.906 10.661 1471 - 1624 900 - 1000 18-20 cool / semiarid Moist - weynadega Ambhara
Ashuda 10 36.845155 11.395002 2009 - 2103 900 - 1000 18-20 cool / sub-humid | Moist - weynadega Ambhara
Batambie 8 36.892 11.489 2003 - 2127 900 - 1000 18-20 cool / sub-humid | Moist - weynadega Ambhara
Bekele Girissa 10 36.223 10.868 1642 - 1668 900 - 1000 18-20 cool / sub-humid | Moist - weynadega Oromya
Dikuli 10 36.165094 10.714984 2022 - 2109 900 - 1000 18-20 cool / sub-humid | Moist - weynadega Ambhara
Gafera 10 37.555 12.372 2441 - 2592 900 - 1000 14-18 cool / sub-humid Moist - dega Ambhara
Gesses 9 38.834809 14.364728 1196 - 1546 <900 18 -24 warm / semiarid Dry - kolla Ambhara
Gijet 9 38.774904 14.464562 1990 - 2303 900 - 1000 18-20 cool / semiarid Moist - weynadega Ambhara
Hadush Adi 9 39.164709 13.334987 1417 - 1669 <900 18 -24 cool / semiarid Dry - kolla Tigray
Hugub 10 39.174911 13.244464 737 -979 <900 18 -24 warm / semiarid Dry - kolla Afar
Jarso 14 | 39.565015 13.365625 1817 - 2136 900 - 1000 18- 20 cool / semiarid Moist - weynadega Oromya
Kido 9 39.834715 11.254644 1281 - 1418 <900 18 -24 cool / arid Dry - kolla Amhara
Kumato 10 39.894959 11.164452 1838 - 1969 900 - 1000 18- 20 cool / sub-humid | Moist - weynadega Oromya
LocalHorro 6 39.653 10.321 1921 - 2375 900 - 1000 18- 20 cool / sub-humid | Moist - weynadega Oromya
Loya 10 39.778 10.332 1601 - 1847 900 - 1000 18- 20 cool / sub-humid | Moist - weynadega Oromya
Meseret 10 | 40.08476 9.404273 2248 - 2312 900 - 1000 18- 20 cool / semiarid Moist weynadega Tigray
Metkilimat 10 | 42.164926 9.444748 1709 - 2051 900 - 1000 18- 20 cool / semiarid Moist - weynadega Tigray
Mihguan 10 38.85439 8.154678 1295 - 1495 <900 18 -24 cool / semiarid Dry - kolla Tigray
Negasi Amba 10 38.795003 8.145067 2978 - 3071 900 - 1000 14 -18 cool / sub-humid Moist - dega Ambhara
ShubiGemo 10 38.394908 6.514992 1643 - 1651 900 - 1000 18- 20 cool / sub-humid | Moist - weynadega Oromya
Surta 9 38.314788 6.485064 2480 - 2575 900 - 1000 14-18 cool / sub-humid Moist - dega Ambhara
TzionTeguaz 10 37.01513 9.934119 1870 - 1968 900 - 1000 18- 20 cool / semiarid Moist - weynadega Ambhara

(@) Village or population. Kebele is the smallest administrative unit in Ethiopia.
(b) Number of samples per population.
(c) Agro-ecological regions are defined based on the Global 16 Class classification system (Harvest Choice, 2015).

(d) Source: MoA, 2000.
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Figure 2.1 Geographic location across Ethiopia of the twenty-five investigated indigenous chicken populations.

(A) Population locations against a physical map based on elevation (meter above sea level, m.a.s.l.) and (B) population locations against Ethiopian
main agro-ecological zones (Harvest Choice, 2015).
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2.2.2 Sequence alignment, variant calling and annotation

The sequencing reads (FASTQ format) were mapped to the reference genome GRCg6a
(galGal6) using the Burrows-Wheeler Aligner (BWA-MEM) version 0.7.15 (Li &
Durbin, 2009). The mapped reads (in SAM format) were further processed to remove

PCR duplicates using Picard tool v2.9.0 (http://picard.sourceforge.net). Using GATK

v3.8.0 (McKenna et al., 2010), a base quality score recalibration (BQSR) was
performed. Variant calling was completed using the ‘haplotype caller” function in
GATK, followed by joint genotyping of all samples. The “joint genotyping” option was
applied in order to “rescue” genotype calls at sites where a carrier has a low coverage
but other samples withing the call set have a confident variant at that location

(https://software.broadinstitute.org/gatk/documentation/article.php?id=4150).

A variant quality score recalibration (VQSR) was applied to minimize calling artifacts
and increase the discovery of real variants. This technique uses machine learning to
model the variant profile based on training sets to discover false positives according to
GATK best practices recommendations (DePristo et al., 2011; Van der Auwera et al.,
2013). Two lists of known variants were used for the VQSR step: (i) a 1 million
validated SNPs (Kranis et al., 2013) used as the “Training” or “Truth” set, and (ii) a set

of 14 million SNPs from dbSNP (https://www.nchi.nlm.nih.gov/snp/) as “known” set.

A tranch level of 99% was used for the filtration purpose, corresponding to 99%
sensitivity relative to the truth set. Only autosomal SNPs that passed the recalibration
threshold were selected for downstream analyses. Further filtrations were then applied
on the VQSR passed autosomal variants for the downstream genomic analyses. These
included selecting only biallelic SNPs from autosomes with a missing genotype rate <

20%, genotype quality > 15, and depth of coverage > 3. Using Ensembl Variant Effect
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Predictor (VEP) platform (McLaren et al., 2016), the variant’s consequences were

identified from Ensembl (release 98).

2.2.3 Genetic diversity and population structure

Several approaches were applied to explore the genetic diversity and population
structure of the studied population. To assess the within and between population genetic
diversity, VCFtools version 0.1.15 (Danecek et al., 2011) was used to calculate the
nucleotide diversity (z) (with the --window-pi 20000 option), inbreeding coefficient
(F), the pairwise population differentiation (Fst), and heterozygosity (--het option).
Heterozygosity calculation was based on the proportion of heterozygous markers in
each individual and then obtaining mean values for each population. To assess the
underlying population structure, Principal Component Analysis (PCA) was performed
using the Eigenstrat method in Eigensoft v6.1.4 software (Patterson et al., 2006; Price
et al., 2006). Admixture programme v1.3.0 (Alexander et al., 2009) was executed to
identify ancestry structure on the dataset. Cross-validation for different K values (i.e.
number of potential ancestral gene pools) from 1 to 5 was carried out following Evanno

et al. (2005) method.

Linkage Disequilibrium (LD) analyses were performed with a reduced set of genome-
wide variants rather than the full SNP collection to reduce computational burden. The
reduction of the variant set was performed using the “thinning” approach in PLINK
v1.9 (Purcell, 2007), keeping 30% (~ 4 M variants) of randomly selected SNPs from

the original full set.

LD and haplotype block structures were measured in windows of 20 kb size using Plink
software v.1.07 (Purcell, 2007). For these analyses, genetically close populations (based

on geographic proximity) were combined to increase the sample size. In total, six
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population groups were defined with sample sizes between 10 to 90 individuals.
Genome-wide pairwise r> metrics for SNPs within 20 kb of distance were plotted with
R. The LD decay was calculated and plotted using the PopLDdecay software (Zhang et
al., 2019). Using the —block parameter, haplotype blocks were estimated via
Haploview’s interpretation of the block definition suggested by Gabriel et al. (2002).
This definition denotes blocks as genome regions with a limited haplotype diversity
without much internal recombination and separated by segments that show little or no

LD.

2.3 Results

2.3.1 Sequencing, variant discovery and annotation

The average number of paired sequence reads per population ranged between 202 to
475 million with a mean sequence genome coverage between 22 to 44 X
(Supplementary Table S2.1). Compared with the study of Kebede et al. (2018), where
galGal5 was used as a reference genome, we obtained a similar mapping rate (98 — 99
%) (Supplementary Table S2.1). About 19.6 million high-quality SNPs were detected
(after VQSR filtration) from whole-genome sequence analyses of the 25 Ethiopian
populations. The variants were distributed in the genome with an average density of 19
SNPs per kb or 1 SNP per every 52 bases. After applying the extra filtration parameters

(see Materials and Methods), over 14 million SNPs (n=14,091,055) were retained.

The number of SNPs across populations was similar, varying between 10 to 11.6
million, with the lowest number detected in Hugub and the highest number in Kumato
(Table 2.2). Between 10% to 11% of the SNP are novel in each population. When all
Ethiopian chicken populations are lumped together, 29% of the entire SNPs set (5.6

million out of 19.6) are novel.
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As a measure of quality control, Ts/Tv was calculated. We observe a Ts/Tv ratio of

around 2.4 - 2.5 across populations and 2.4 when all populations are analyzed as a whole

(Table 2.2). DePristo et al. (2011) state that Ts/Tv ratio should be about 2.1 for whole-

genome sequencing and can be used to validate SNP discovery. If it is lower, the data

might include false positives caused by random sequencing errors. Previous studies in

chicken have found similar Ts/Tv ratios to ours, e.g. 2.53 (Derks et al., 2018) and 2.31

(Boschiero et al.,2018).

Table 2.2 SNPs summary statistics for the studied chicken population.

(All populations)

Population N NSNPs Novel (%) Ts/Tv Singletons (%)
Adane 10 11,231,204 11.11 2.48 21.44
Alfa Midir 10 10,539,558 11.38 2.49 22.41
Amesha Shinkuri 10 11,211,292 11.39 2.48 18.59
Arabo 10 10,958,190 11.23 2.48 21.92
Ashuda 10 10,804,200 11.5 2.48 18.04
Batambie 8 10,682,327 10.68 2.48 20.61
Bekele Girissa 10 11,310,581 11.01 2.48 19.34
Dikuli 10 11,265,455 11.15 2.48 19.44
Gafera 10 11,135,900 11.44 2.48 18.77
Gesses 9 10,337,743 11.42 2.48 20.82
Gijet 9 11,046,899 10.79 2.48 19.06
Hadush Adi 9 10,213,712 10.08 2.49 20.37
Hugub 10 10,034,153 10.69 2.48 14.43
Jarso 14 11,155,696 10.63 2.49 17.92
Kido 9 10,543,102 11.09 2.48 18.96
Kumato 10 11,606,289 11.46 2.48 18.19
Local Horro 6 10,170,097 10.18 2.48 26.36
Loya 10 11,078,600 11.12 2.48 19.71
Meseret 10 11,419,999 10.92 2.48 18.29
Metkilimat 10 11,295,871 10.96 2.48 18.63
Mihguan 10 11,428,789 10.83 2.48 17.84
Negasi Amba 10 10,535,898 11.21 2.48 20.63
Shubi Gemo 10 11,217,239 10.82 2.48 17.04
Surta 9 10,984,861 10.42 2.48 20.73
Tsion Teguaz 10 10,954,331 11.16 2.48 19.17
Overall value 243 | 19,571,070 29.02 2.48 0.09

N = number of samples analyzed; nSNPs = total number of SNPs retained after filtration (see Material
and Methods); Novel SNPs (%) = non-reported SNPs in dbSNP; Ts/Tv = transition/transversion ratio;
Singletons (%) = singleton variant identified
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The proportion of singleton SNPs from different populations varied from 14.43% in
Hugub to 26.36% in local Horro (Table 2.2). Differences might be a function of the
number of studied samples in each population and how genetically diverse they are.
These large proportions of singletons reflect the small sample size (6-10 individuals)
analysed per population. Therefore, when the entire set of Ethiopian samples are

considered, the proportion of singletons reduces drastically to only around 0.09%.

The overall SNP density observed in different chromosomes is presented in Figure 2.2.
The lowest SNP density is observed in chromosomes 31 and 16, and the highest in
chromosome 26, followed by chromosome 6. A chromosome-wise heatmap of SNP
density in 10 kb windows across the genome is presented in Figure 2.3. A range between
100 to 200 SNPs is more commonly found every 10 kb, although there are also many
SNP void regions (red areas). Chromosomes 16, 22, 30, 31, 32, and 33 (with many void
regions), display a smaller SNP density (< 50 SNPs for 10 kb window) compared to
other chromosomes. This may be caused by low coverage due to sequencing difficulties

or mapping issues due to high repeat content (Li et al., 2011a).

SNP density per kb
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Figure 2.2 Mean SNPs density (SNP count/kb) per chromosome in Ethiopian

indigenous chicken.
(Based on 19.6 million SNPs detected from all 25 populations).
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Figure 2.3 Chromosome-wise SNP distribution heatmap across the Ethiopian
indigenous chicken genome based on 19.6 million SNPs.

(X-axis denotes the chromosome size in base pairs (bp), and Y-axis the chromosome number).
The SNP count was calculated for a 10 kb window size.

Among the 19.6 M SNPs, intergenic (37.8%) and intronic (45.5%) variants are the most
common (Figure 2.4). Exonic variants represent 1.5% of the total detected SNPs.
Among the exonic SNPs, 73% are synonymous, 26% non-synonymous, 0.3% stop gain
and 0.03% stop loss. The majority of the SNPs (between 34% to 0.2%) from all
annotation categories belong to low-frequency category of 0 - 0.2. Only a small

proportion of the SNPs (between 3.5% to 0.02%) have a high frequency of 0.8 -1 (i.e.
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near fixation). Of these high-frequency SNPs, a total number of 4,771 non-synonymous,
28 stop-gain, and 12 stop-loss SNPs are identified. These categories potentially have a
functional impact, and high frequency may suggest they may have some beneficial

adaptive roles.
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Figure 2.4 Alternate allele frequency distribution by annotation category for the
complete set of detected SNPs (~19.6 million) in Ethiopian indigenous chicken
populations

2.3.2 Genetic diversity

Genetic diversity within and among populations was investigated in a number of ways.
Figure 2.5 shows the population-wise mean observed heterozygosity, which varied from
0.26 to 0.33. The local Horro and Batambie populations have the highest average
heterozygosity (0.33), followed by Hugub (0.32). The lowest observed heterozygosities

are reported for the Jarso population (0.26), Dikuli (0.28), and Metkilmat (0.28).
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Figure 2.5 Proportion of observed heterozygous variants across the studied Ethiopian
indigenous chicken populations.

To further examine the genetic diversity within populations, two other genetic
parameters were measured, viz the inbreeding coefficient (F) and the nucleotide
diversity (m) (Table 2.3). Average inbreeding coefficients range from 0.6% (Batambie)
to 10.4% (Metkilimat). Majority of the populations show inbreeding below or near 5%,
whereas only five populations show values ~10%. The average nucleotide diversity
across the investigated populations indicates that the Alfa Midir population displays the
lowest average value (m = 0.0032). In contrast, Bekele Girissa, Kumato, Meseret,
Mihquan, Shubi Gemo, and Surta have the highest value (x = 0.0038). These values are
similar to those obtained in previous studies for indigenous chicken (Luo et al., 2020a;

Sun et al., 2021).

21



Chapter Two

Table 2. 3 Mean inbreeding co-efficient (F) and nucleotide diversity () for each of
the 25 studied chicken populations.

Inbreeding coefficient Nucleotide diversity

Population L n
Adane 0.0245 0.0036
Alfa Midir 0.0082 0.0032
Amesha Shinkuri 0.0784 0.0037
Arabo 0.0232 0.0034
Ashuda 0.0155 0.0035
Batambie 0.0064 0.0037
Bekele Girissa 0.0059 0.0038
Dikuli 0.1007 0.0037
Gafera 0.0553 0.0036
Gesses 0.0313 0.0033
Gijet 0.1039 0.0037
Hadush Adi 0.0971 0.0037
Hugub 0.0283 0.0034
Jarso 0.0507 0.0033
Kido 0.0744 0.0035
Kumato 0.0098 0.0038
Local Horro 0.0543 0.0036
Loya -0.0002 0.0037
Meseret 0.0419 0.0038
Metkilimat 0.1044 0.0037
Mihquan 0.0334 0.0038
Negasi Amba 0.0133 0.0033
Shubi Gemo 0.0185 0.0038
Surta 0.1025 0.0038
Tzion Teguaz 0.0716 0.0035

2.3.3 Genetic differentiation and population structure among Ethiopian chickens
These analyses were performed using 14 million autosomal SNPs after applying further

filtration on VQSR-passed 19.6 million SNPs (see Materials and Methods).

To examine the population divergence among chicken populations, Fst values were
estimated. A pairwise-population differentiation (Fst) among all 25 populations is
presented in figure 2.6. As a general rule, Fst < 0.05 between populations would indicate
little genetic differentiation, 0.05-0.15 as moderate genetic differentiation, and > 0.15
as large differentiation (Hartl & Clark, 1997; Balloux & Lugon-Moulin, 2002). The
figure shows a heat map indicating that the population differentiation is generally quite

low, varying between 0 to 0.12. Only Jarso and Hugub populations show a consistent
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population differentiation of 0.1 against the rest of the populations, whereas values

below 0.1 are present for almost all other pairwise comparisons.
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Figure 2.6 Heat map of pairwise weighted Fst values among chicken populations.
The right panel explains the Fst value (colour) in relation to population differentiation.

The population structure was investigated by principal component analyses (PCA). The
first, second, and third principal components accounted for 21.89%, 15.75%, and
10.53% of the proportion of variation among the 25 chicken populations (Figure 2.7a

and b).
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Figure 2.7 Principal component analyses: (a) PCA vs PC3 and (b) PC1 vs PC3 for

Ethiopian chicken populations.
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PC1 explains 21.89% of the total variation and clearly differentiates Jarso and Hugub
from the remaining populations. PC2, with 15.75% of the variation, separates
Metkilimat, Hadush Adi, Mihquan, Gijet, and Meseret populations from Gesses, Kido,
Gafera, Horro, TzionTeguaz, Dikuli, Amesha Shinkuri, Batambie, Ashuda, and Surta
(Figure 2.7a). However, PC3 (10.53% of variation) gathers most of these populations

together in a single group (Figure 2.7b).

2.3.4 Admixture analysis

The genetic ancestry and admixture of the populations were explored through admixture
analysis. We investigated 2 to 5 possible K values or ancestral gene pools (Figure 2.8).
According to the cross-validation test (Evano et al., 2005), the K = 3 is the best number
of genetic ancestry for the Ethiopian chicken populations investigated (Supplementary

Figure S2.1). K = 3 clearly separates Jarso and Hugub from the other populations.
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Figure 2.8 Admixture analyses of the 25 Ethiopian chicken populations (K = 2 to 5).

Populations are demarcated with dashed lines.
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2.3.5 Linkage disequilibrium (LD)

LD can be understood as a non-random assortment of alleles at different loci (Qanbari
et al., 2020). It can be influenced by diverse evolutionary forces like migration,
selection, genetic drift, mutation, and recombination (Ardlie et al., 2002; Karimi et al.,
2014). Therefore, scrutinizing LD levels is relevant to genetic diversity analyses since
it is the first step towards understanding how demographic and evolutionary forces have
shaped the LD structure of the genome. LD-based haplotype analyses provide an
important platform for analysing signatures of selection in the genome. LD analysis is
also important to assess how many markers are necessary to perform whole-genome
association studies (Ardlie et al., 2002). Moreover, for livestock species, LD is the basis
of genomic selection, marker genotype imputation, marker-assisted selection (MAS),

and quantitative trait loci (QTL) mapping (Nosrati, 2017).

Previous studies have shown an LD calculation bias due to small sample size and
variance, particularly for LD-block calculations (Osabe et al., 2007; Hong & Park,
2012; Hui & Burt, 2020). Therefore, six population groups were defined based on
geographic closeness to increase the sample size in calculating LD decay and LD block
(Figure 2.9). As an LD measure, we used a squared correlation coefficient between
SNP pairs (r?) (Hill, 1974) instead of D’ (Lewontin, 1964). The (%) score is known to
be less sensitive to changes in effective population size and allele frequencies (Zwane

etal., 2016).

The number LD (r?) between adjacent SNPs at distances up to 1 Mb was calculated for
each population group. In the majority of the cases (73% - 87% of pairwise
comparisons), large LD values (r> = 0.8 -1) were observed only for SNP pairs within 2
kb distance (Figure 2.10). Using r? = 0.8 as a threshold, no LD extended beyond 25 kb

(see Supplementary Table S2.2 ). LD decay plots (Figure 2.11) also show that the r?
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values decrease rapidly after a 1-2 kb distance between variant pairs. With the increase
of distances between variants, the r? values gradually reduced. Among the population
groups, the average r? reached 0.2 between 1 kb to 2 kb for groups 3, 4, 5, and 6. In

groups 1 and 2, r? is close to 0.25 — 0.3 within 1 kb to 2 kb distance.

Latitude

| I I I | I I

34 36 38 40 42 44 46
Longitude

Figure 2.9 Geographic distribution of Ethiopian chicken populations denoting
population groups defined for LD calculations.

Overall, the proportion of highly linked SNP (i.e., with r2 = 0.8-1) at different distances
is similar between population groups except for group 1 (consisting of only 14 samples
from the Jarso population) and group 2 (10 samples of Hugub population only) (Figure
2.10). Differences are most likely due to the small number of samples in groups 1 and

2 compared to the other clusters.
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# of samples 14 10 38 40 46 90
Total # SNPs 11,155,695 | 10,034,152 | 13,441,574 | 13,078,158 | 13.472.811 | 13,735,691
Thin_ 30
Total £ SNPs 3,232,132 2,831,213 | 3,986,133 | 3.866,386 | 3,997.233 | 3,952,288

Figure 2.10 Proportion of SNP pairs showing high LD (r> = 0.8 — 1) in the six
population groups across different kb distances.
The table at the bottom summarises the number of samples and SNPs used for LD analyses.

Similar to Figures 2.10 and 2.11, the distribution of haplotypes (based on LD
estimation) across the genome (Figure 2.12) shows that most of the haplotype blocks
(~ 90%) have a size < 2 kb for all the studied groups, and only a very small proportion
(0.02% — 0.03%) have a size > 100 kb. The longest identified haplotype block is ~ 200
kb in length. The number of SNPs in the blocks ranges from ~5 to 1018 (Supplementary
Figure S2.2). In all groups, between 80% to 90% of the haplotype blocks contain less
than 5 SNPs and between 0.05 % to 0.06% more than 100 SNPs, consistent with the

blocks’ size as presented in Figure 2.12.
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Figure 2.11 LD Decay trend in different Ethiopian chicken population groups.
Based on average r? from variants within 15 kb across all autosomes.
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The largest haplotype block of ~200 kb was detected on chromosome 8 (position
9070505 — 9270269 bp). It also showed many SNPs in groups 4 (660 SNPs), 6 (614
SNPs) and 5 (370 SNPs). This is a pericentromeric region with a small physical distance
to the centromeric region in chromosome 8 (position 9300300 — 9800800), influencing
the recombination rates in this genomic area, increasing the LD. The centromere is a
complex structure that plays a central role in chromosome integrity and cell division
(Barra & Fachinetti, 2018). Normally, regions around the centromere have large LD

due to suppressed recombination (Bhakta et al., 2015).

The blocks with the highest number of SNPs were further investigated. This block
corresponds to a 159.7 kb region in chromosome 14 (position 14015491 — 14175264
bp). This block was identified in group 1 (Jarso), with 1018 SNPs. Interestingly, a
haplotype block overlapping the same region was identified for group 3 (543 SNPs,
66.18 kb), group 4 (745 SNPs, 81.18 kb), group 5 (746 SNPs, 68.28 kb), and group 6
(829 SNPs, 93.34 kb). This region overlaps with the gene JPT2, which is a protein-
coding gene involved in microtubule function (Karpova et al., 2006) and playing an
important role as a component of the NAADP receptor complex that is essential for

pore channel signalling and control of viral cell entry (Gunaratne et al., 2021).
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Figure 2.12 Number of LD blocks per range size identified in the six population groups.

X-axis delimits range size in kb.

2.4 Discussion

By analysing whole-genome sequence data from 245 Ethiopian indigenous chickens,
this chapter reports the discovery of millions of SNPs. It explores the genetic diversity
and structure of 25 chicken populations from which these samples originated. Almost a
third of the total number of SNPs identified in the present study (29% of 19.6M) are
novel variants, which will be submitted to the European Variation Archive (EVA) and,
therefore, will increase the global knowledge regarding the diversity of the chicken

genome.
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The sequence data in the present study were mapped against the latest version of the
chicken reference genome (GRCg6a or galGal6). The SNP density found in this
analysis (19 SNPs per kb) is smaller compared to that (21 SNPs per kb) reported for the
same populations in a previous study by Kebede (2018) using galGal5 as a reference.
It is possibly a consequence of the improved quality of the latest genome assembly
galGal6. In contrast, the SNPs density obtained in this study is higher than the density
observed in experimental and commercial chicken populations (15 SNPs per kb)
(Gheyas et al., 2015). However, both these studies analysed a similar number of samples
for SNP detection. This reflects greater genetic variability in the Ethiopian indigenous
populations compared to commercial lines. While for most of the chromosomes, the
mean SNP density is similar (ranging between 14 and 23 SNPs per kb), a few
microchromosomes viz. chrl6 and chr30 — 33 show a much lower density (6 — 12 SNPs
per kb). Possibly the legacy of repetitive and/or GC-rich sequence regions at these
chromosomes as well as differences in recombination rates may have resulted in
mapping and/or sequencing issues. (Burt, 2005; Benjamini & Speed, 2012). In
Addition, chromosomes 30 — 33 are the smallest microchromosomes of the chicken
genome. Some still unmapped contigs might belong to these chromosomes (Solinhac et
al., 2010). Considering that the reference genome used in this study (GRCg6a) does not
show the full repertoire of variations in the genome due to missing genomic regions,
technical errors of assembly, etc., a pangenomic approach could be applied to cover all
genomic variants on the chicken genome (Vernikos, 2020). This method, permits the
studying a set of all genes that are present in all genomes of an analyzed dataset. This
could permit avoid missing data and possible missinterpretation of the results obtained

when SNP data is explore.

32



Chapter Two

The genetic diversity architechture of the sex (W/Z) chromosomes are different relative
to the autosomes due to differences in the mutation rate and present non-estatic
pseudoautosomal regions (Wilson, 2018). Several reasons were taking into account for
excluding W/Z chromosomes in this study. First, the assembly of sex crhomosomes
may not be perfect. These have low level of heterozygosity (Xu & Zhou, 2020), so many
false positive will likely appear. Second, our data set comprises both male and female
samples with different sex chromosomes schemes, which would require separate
treatment of the sex chromosomes form the rest of the genome. However, further
analysis should be carried out on this regions with attention on the mutation rates to

avoid understimation of accumulated variation.

Considerable genetic variation within the studied chicken populations was also
evidenced through the observed heterozygosity (0.26 — 33). Heterozygosity is an
important factor for estimating the genetic variability in domestic animals (Zhang et al.,
2018). Thus, the fact that Ethiopian indigenous chickens display reasonable levels of
heterozygosity reflects their genetic potential to adapt to diverse and changing natural
environments (Groeneveld, 2010) and their importance as genetic resources. Genetic
diversity in these indigenous populations also suggests great potential for improvement

through breeding programmes.

Two parameters, inbreeding coefficient (F) and nucleotide diversity (m) were also
calculated to assess the genetic diversity across the studied populations. Previous
studies have evidenced that livestock species have suffered from strong inbreeding due
to artificial selection followed by a decline in their genetic diversity (Garcia-Gomez et
al., 2012; Kim et al., 2013). Ethiopian village populations are managed and traded at a

local scale (Manyelo et al., 2020). Despite this, the level of inbreeding coefficient in
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most of the studied Ethiopian populations is low (below 5%), and only in few
populations the values go ~10%. Inbreeding coefficients less than 5% do not represent
substantial harm at the population level, while values higher than 10% may significantly
affect individual fitness by accumulating deleterious mutation (Wright et al., 1992;
Slate et al., 2004). The Ethiopian indigenous populations studied here also display
similar nucleotide diversity values (m ~ 0.003) to values previously reported for other

indigenous chicken populations (Luo et al., 2020a; Sun et al., 2021).

Although substantial genetic variations are observed within the studied populations, not
much genetic differentiation was observed among the populations based on Fst, PCA,
and admixture analyses. Only the Jarso and Hugub populations show some genetic
differentiation with the rest of the populations. It is likely a legacy of the ancestral origin
and dispersal of chicken across the African continent. Two routes of chicken dispersal
have been reported (Mwacharo et al., 2013b), one through the northeast of the mainland
with an entrance in Egypt. The second involved maritime introduction along the East
African coast that came directly from the Indian subcontinent. These two migrational
paths are consistent with the main groups detected in Ethiopian village chickens. Jarso
and Hugub populations are located in the East of Ethiopia, closer to the coast. In
contrast, the other populations were sampled from the center, the western and the
northern parts of the country. Admixture analyses show three genetic backgrounds,
which may be reflecting the two chicken migration waves plus a third genetic

background still unknown.

This study also explores the LD and haplotype structures of the studied chicken
populations as part of the genetic diversity analysis. Previous studies reported average
r? = 0.3-0.4 between adjacent SNP (separated by less than 5 Mb) across autosomes in

pure chicken lines, and crossbred populations displayed r?~ 0.24 (Fu et al., 2015). In
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general, previous studies have shown that the crossbred populations display smaller
haplo-block sizes compared to the pure commercial lines (Fu et al., 2015). Larger haplo-
blocks in pure commercial lines usually occur under intense artificial selection (Ardlie,
2002). The LD structure observed in Ethiopian indigenous chicken populations is
similar to that of crossbred populations (r? = 0.2 — 0.3). The low LD levels found in the
analysed population may suggest high levels of gene flow and possibly high

recombination rate in the genome, increasing genetic diversity.

2.5 Conclusions

This chapter documents the genetic diversity and population structure of a large number
of Ethiopian indigenous chicken populations, representing diverse agro-climatic
conditions. Results clearly illustrate the presence of significant genetic diversity but a
low level of population structure or differentiation. The large genetic variability denotes
the adaptive capacity of these populations to the diverse agro-ecologies observed in
Ethiopia and the potential for breeding improvement. On the other hand, low between-
population differentiation indicates that selection signature analyses (as presented in
later chapters) will have a lesser burden of false positives from the population structure
effect. The results presented in this chapter represent the first stage of exploring the
genomic-environmental adaptations to the diverse Ethiopian landscape. Chapters 4 and
5 will consider the information presented here to achieve the signature of selection
analyses and identify the possible genomic marks as a response to the environmental

pressure.
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Chapter 3

Ecological niche modelling for environmental
characterisation of indigenous Ethiopian village chickens
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Abstract

Livestock populations in different geographic areas are often referred to as ecotypes. In
evolutionary ecology, an ecotype is a population that is genotypically adapted to specific
environmental conditions. However, livestock ecotypes are often arbitrarily defined
based on their geographic origin or morphological features rather than a detailed
environmental characterisation of their habitats. Using an Ecological Niche Modelling
(ENM) approach (MaxEnt), this chapter presents a novel framework for defining
livestock ecotypes through a detailed environmental characterisation of population
habitats. The framework is developed and illustrated through the environmental
characterisation of 25 indigenous chicken populations from across the diverse Ethiopian
landscape and climatic conditions. Important features of the framework include: (i) a
pipeline for selecting key environmental variables in population habitats, (ii) optimising
model parameters of the ENM to maximise its predictive performance, (iii) predicting
the distribution of suitable niche for each population across the Ethiopian landscape, and,
finally, (iv) clustering of the studied populations into potential ecotypes based on niche
similarity. The study identifies six environmental variables from an initial set of 34 agro-
climatic variables as important predictors of the agro-ecology (habitat) of Ethiopian
indigenous chicken populations. Characterisation of the habitats, followed by the
clustering of populations living within similar habitats, allowed us to propose twelve
different Ethiopian ecotypes. These ecotypes represent the population entities, which will
be further characterised in Chapter 5 for the signatures of environmental adaptation at
genome-wide level. The approach presented here provides a new tool for identifying,

managing and conserving locally adapted populations.
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3.1 Introduction

Environmental changes such as climate, feed resources, water availability, and disease
pressure affect a species’ adaptive response (Godber & Wall, 2014). Such response
shows extensive variation due to genetic variability, phenotypic plasticity, and
evolutionary potential (Manel & Holderegger, 2013). Therefore, understanding how
different breeds or populations of livestock species may respond to environmental
variation has a major implication for their conservation, sustainable utilisation, and

productivity improvement (Dunn & Milne, 2014).

Indigenous populations of livestock species surviving in diverse geographic areas show
adaptation to the unique conditions of their local environment. Such locally adapted
populations of a species are referred to as ecotypes (Williams, 1966; Kohler-Rollefson,
2001). These ecotypes represent important genetic resources for the sustainable
development of the livestock sector in the face of rapid global climate changes. In
particular, these ecotypes may hold solutions for achieving climate resilience for
sustainable productivity of the livestock sector and, accordingly, may contribute to food

security (McDermott et al., 2010; Harvey et al., 2014).

In livestock species, ecotypes have generally been defined based on broad agro-climatic
conditions linked to the geographic origin of breeds/populations or on some
morphological features, which may or may not be related to environmental selection
pressures (Tadelle et al., 2003; Muchadeyi, 2007; Goraga et al., 2011; Lyimo et al., 2013;
Keambou et al., 2014; Sanarana et al., 2016). For instance, Tadelle et al. (2003) studied
five inferred Ethiopian chicken ecotypes defined by their geographic origins. Sanarana
et al. (2016) investigated five Nguni cattle populations from South Africa (Makhathini,

Pedi, Shangaan, and Venda), differentiated by their broad phenotypic differences as
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ecotypes. Until now, livestock ecotypes have been defined rather ‘loosely’ with no

standardised approach in relation to their environment.

Adaptation to the local environment results from the interaction of many biotic and
abiotic factors. Considering only a single or few environmental factors (e.g. adaptation
to altitude or heat stress) in defining ecotypes fails to acknowledge other elements'
contribution in the adaptation process. Since the core concept of an ecotype is an
adaptation to a specific ecosystem, the more logical approach in defining an ecotype
should be a detailed environmental characterisation of the agro-ecology (habitat).
Populations may then be grouped as ecotypes based on habitat similarity. Then, the

signature of adaptation may be investigated in the genomes of these ecotypes.

However, an agro-ecosystem or agro-ecology characterisation is inherently complex,
considering the expected relationships and interactions between many environmental
variables. A modelling-based approach may be used to untangle the relationships

between the environmental variables to address this issue.

Ecological Niche Modelling (ENM) has been extensively applied for predicting the
distribution of wild species and crop plants. Using environmental data from known
species-presence locations (and species-absence sites), such modelling predicts a
species’ potential geographical range across a landscape. It also estimates the
contribution of environmental variables in the niche of a species. As a result, ENM has
been a powerful tool in the conservation efforts of wild species (Thorn et al., 2009). It
has also been used to evaluate the risk from invasive species (Jiménez -Valverde et al.,
2011), for epidemiological studies (Cardoso-Leite et al., 2014), and to study the effect of
climate change on the future distribution of a species (Jeschke & Strayer, 2008).

However, its application to livestock species has been rare. Recently ENM has been
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applied to study the habitat suitability of two exotic chicken breeds across the Ethiopian
landscape (Lozano-Jaramillo et al., 2018) to identify suitable habitats for their

introduction.

MaxEnt (Phillips et al., 2006) is the most widely used method for ENM, which uses
presence-only data. The program applies a maximum entropy-based machine learning
algorithm to predict species distribution by contrasting environmental parameters of
species-presence locations against the rest of the study region - called the “background”
- for which no presence/absence information is available. Although MaxEnt has been
extensively applied in wild species, many of these studies have used it as a ‘black box’
by using mostly its default settings (Morales et al., 2017). However, the default settings
can be far from optimum, leading to overcomplex or over-simplistic models (Morales et
al., 2017; Yackulic et al., 2013). Therefore, a careful selection of model parameters is

required to achieve the best predictive power.

In this chapter, we develop a framework for identifying livestock ecotypes using ENM-
based environmental characterisation with the MaxEnt program. Within the framework,
we first describe the methods for selecting important environmental variables and
optimum model parameters. Using these variables and model parameters, we then predict
the niche distribution of the studied populations across a landscape, followed by
clustering the populations based on their niche similarity to define distinct ecotypes.
Finally, we discuss the potential applications of this modelling approach for livestock
farming and management. These critical steps of the modelling and the framework are
illustrated in indigenous Ethiopian chicken populations. The approach, however, should

be equally applicable to any other livestock species.
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3.2 Material and Methods

3.2.1 Populations sampled and environmental parameters

The Ethiopian landscape may be characterised by its altitudinal topography ranging from
126 m below sea level to 4620 m above sea level and climate variation with one or two
rainy seasons separated by dry seasons. As a result, the country displays diverse agro-
ecological zones and subzones (Mengistu, 2006). The 25 indigenous chicken populations
analysed here (already described in Chapter 2) are spread across these several agro-
ecological zones (Table 2.1 and Figure 2.1 of Chapter 2). The geographic coordinates
(latitude and longitude) of the village sampled for each chicken population were
recorded. In addition, for the purpose of the ecological modelling, nine other geographic
coordinates in additional grids (separated by 1.2 km?) were selected for each sampling
village using Google Earth Pro 7.3.1.4507 (Google, 2016); this resulted in 250 data

points across the 25 populations.

The environmental data — climatic and agro-ecological — were obtained from public
databases. These were initially chosen as deemed important in terms of chicken
production and biology. The data were accessed from these databases at a spatial
resolution of 30 seconds (~1 km?) (Table 3.1). Climatic data on temperature,
precipitation, and water vapour pressure at different seasons were extracted from the

WorldClim database (http://www.worldclim.org; v1 and v2) (Hijmans et al., 2005; Fick

& Hijmans, 2017). SoilGridslkm v0.5.8 database was used to access seven different
major soil groups and soil properties (Hengl et al., 2014). The total water capacity of the
soil (mm water per 1-meter soil depth) was obtained from the Spatial Data Access Tool
(SDAT; ORNL DAAC 2017) from NASA (Batjes, 2000) with a 0.5-degree grid. The

‘Harmonized World Soil Dataset - Land Use and Land Cover’ with 30 arc-second rasters
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(FAO/IASA/ISRIC/ISS-CAS/IRC, 2009) was used to access data on total cultivated
land, forest land, and grass/shrub/woodland variables (Fisher et al., 2008). The crop
dominance variable was accessed from the Global Food Security Analysis-Support Data

(GFSAD30, 2017; Teluguntla et al., 2014).

For each environmental variable raster layer, the grids’ dimension and extension were
corrected and homogenised for 1 km? based on the Earth-fixed terrestrial reference
system and geodetic datum WGS84 using ‘rgdal,” ‘maptools,” ‘rgeos,” and ‘raster’ R

packages.

Table 3.1 Climatic and agro-ecological variables used for the ENM analysis of the
Ethiopian chicken populations.

Variable Description Units Database
biol Annual Mean Temperature °C
. . °C
bio2 Mean Diurnal Range . .
g (bio2/bio?)
bio3 Isothermality °C
bio4 Temperature Seasonality °C
bio5 Max temperature of the warmest month °C
bio6 Min temperature of the coldest month °C
: °C (bio5 -
bio7 Temperature annual range N
2 P g bio6)
2 . WorldClim -
© o
= bio8 Mean temperature of the wettest quarter C Global
g .
.2 | bio9 Mean temperature of the driest quarter °C climate data
= http://worldc
% bio10 Mean temperature of the warmest quarter °C lim.org
bioll Mean temperature of the coldest quarter °C
biol2 Annual precipitation mm/m?
biol3 Precipitation of the wettest month mm/m?
biol4 precipitation of the driest month mm/m?
mm/m?
biol5 Precipitation seasonality (Coefficient
of variation)
biol6 Precipitation of the wettest quarter mm/m?
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biol7 Precipitation of the driest quarter mm/m?

biol8 Precipitation of the warmest quarter mm/m?

biol9 Precipitation of the coldest quarter mm/m?

Wat\VapPress01 Water vapor pressure of the wettest KPa

month
WatVapPress08 Water vapor pressure of the driest month kPa
Elevation Meters above sea level m.a.s.l.
. . pH (x10 in

soil_pH Soil pH H,0)
CatEx_Capacit Cation Exchange capacit cmolc/Kg at

—-apactty ge capactty depth 0.00 m

: Kg/m? at Global

BulkD Bulk Density oba

depth 0.00m | gridded soil

Organic_Carbon | Soil organic carbon content 9/Kg at information

dentggs.‘gOm https://soilgr
o | Clay Clay content R ids.org
% : : fractrlnoar}S s|n %
E Silt Silt content fraction in %
= mass
= Sand Sand content fraction in %
Spatial Data
Access Tool
(SDAT) -
. . . mm?/1 mt NASA

Water Capacity Total available water capacity soil depth https://webm
ap.ornl.gov/
ogc/wesdow
n.jsp?dg_id=
Harmonized

World Soil
0,

Forest Forest cover % Dataset
http://www.f
a0.0rg/soils-

portal/soil-

Grass Grass/shrub cover % survey/soil-

maps-and-
databases/ha
S 3 rmonized-
B % Land Use Land use for agricultural purposes % world-soil-
£ _ g purp 0 database-
;ca’ S v12/en/
Global Food
Security
Analysis-
. . Support

Crop Crop dominance (major crops) Category DATA
https://www.
croplands.or

al
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3.2.2 Exploration of the agro-climatic variables

First, the contribution of the environmental variables on the habitat/niche structure of the
studied populations was investigated by Principal Component Analysis (PCA) using the
R package ‘stats.” Then two complementary approaches were employed to explore the
environmental data with the aim to select a shortlisted set of variables for the MaxEnt
modelling. The normality of the variables and their correlations were assessed by
estimating the Shapiro-Wilk test and Spearman’s rank correlation coefficients,
respectively in RStudio v1.1.419 (R Core, 2013). Outputs of these tests were plotted
using the R package ‘ggpubr’ (Kasambra, 2017). The R package
‘MaxentVariableSelection’ was used to identify the most important uncorrelated
variables with a relatively large contribution in the habitat structure of Ethiopian
indigenous  chickens (Jueterbock et al.,, 2016). Arguments for running
MaxentVariableSelection were: maximum correlation threshold of 0.6, minimum
contribution threshold of 4% for each variable, and regularization multiplier (RM) values
ranging from 0.5 to 15 with an increment step of 0.2. Model performance was assessed
with the AUC (Area Under the Receiving Operator Curve) and AICc (Akaike

Information Criterion corrected for small samples) values generated during the analysis.

3.2.3 MaxEnt modelling

To achieve the best predictive power, we initially applied MaxEnt v3.4.1 (Phillips et al.,
20006) using different combinations of “feature” classes (FCs: linear, quadratic, product,
hinge, categorical, and threshold) and regularization multiplier (RM) values (from 0.1 to
6 with steps of 0.5). Then, based on AICc values, the best combination was chosen with
the ENMeval package (Muscarella et al., 2014) for the final model. All sampling points
and selected environmental variables in the previous step were used for preliminary and

final models.
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MaxEnt split presence points (coordinates) into ‘training’ and ‘test’ data. The training
data is used to create the model, whereas the test data is used to assess the model
accuracy. The best method for partitioning the occurrence or presence data (block,
checkerboard, checkerboard2, jackknife, and randomKfold) for training and testing

purposes was evaluated with ENMeval.

Using the optimal model parameters and filtered set of variables, ENM was run for
individual populations by using a sub-sample of 25% as test data while retaining the
remaining 75% as training data. Two outputs - logistic (presence probability) and
cumulative (omission rate) - were produced, but the cumulative logarithmic scale was
used to plot the habitat suitability maps. Among the different model performance
measures generated by MaxEnt, the AUC value was used to test how well a model
predicted the habitats’ potential suitability. The AUC values were interpreted as follows:
AUC > 0.5 has higher than random predictive power, AUC = 0.5 as a random predictor,
and AUC < 0.5 as worse than a random predictor (Jiménez-Valverde, 2012). A jackknife
assay was performed for the test and training data to assess the variables’ importance and

contribution.

3.2.4 Classifying populations into potential ecotypes

Populations with similar habitat suitability maps from the MaxEnt modelling were
grouped to define chicken ecotypes. Different approaches were applied to measure the
similarity between suitability maps using the ENMtools Perl software (Warren et al.,
2010; Warren & Seifter, 2010). The first assessment was a pairwise Pearson correlation
between suitability map files (ASCII raster files). Correlation coefficient values range
between +1 and -1, where 1 is a total positive linear correlation, 0 is no correlation, and

-1 is a complete negative correlation. The second evaluation was the niche similarity
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statistic “l,” which ranges from 0 (no overlap) to 1 (identical niche models) (Warren et
al., 2010). Suitability maps from MaxEnt logistic output were used for the pairwise
comparisons as ENMtools only used this output. Finally, the grouping of the populations
based on niche similarity was performed based on hierarchical clustering (R package
‘cluster’). For this, the correlation coefficients and the niche overlap values were
converted into “Euclidean” distance using the R package ‘stats.” Different hierarchical
clustering approaches (minimum and maximum linkage, UPGMA, and Ward method)
were evaluated to measure the cluster strength based on their agglomerative coefficients.
The Ward method produced the highest agglomerative score, and then it was used for the
final clustering of the investigated populations. Dendrograms and heatmaps for each
similarity dataset were produced using ‘gplots’ and ‘RColorBrewer’ R packages. Niche
similarity based on the above approaches and their visual confirmation constituted the

approach for grouping the populations into potential ecotypes.

3.3 Results

The principal aim of this study is to present a framework for identifying livestock
ecotypes by performing a detailed characterisation of population habitats using ENM.
The method presented here provides a pipeline for (i) selecting environmental predictors,
(i1) choosing model parameters for executing ENM, (iii) evaluating model performance,
(iv) creating suitability maps for individual populations across a landscape, (v) assessing
the similarity of the suitability maps from different populations, and (vi) clustering
populations based on suitability maps into similar groups to define ecotypes. The

overview of the framework and its application are illustrated in Figure 3.1.
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Pipeline Our study

Sampling of livestock populations
with geographic coordinates

!

) 25 indigenous chicken populations from Ethiopia sampled
with 10 samples/coordinates per population

34 climatic and agro-climatic variables extracted for
Ethiopian landscape from: Worldclim. SoilGrids1Km,
I::> Spatial Data Access Tool, and Harmonized World Soil
Dataset databases. Raster files were standardized for all
datasets.

o

Extract environmental data from
public databases for prediction
landscape and sampling locations

!

Select environmental variables: Methods used:
- Non-correlated - Principal Component Analysis
: P . - - Pairwise-correlation analysis
- High contribution to species niche )
gh P - MaxEntVariableSelection

- Biologically relevant to species Result:

l 6 selected variables (4 climatic, 1 soil, 1 land-use)

Optimizing model parameters:
- Assess features and MaxEnt arguments

Methods used:
MaxEntVariableSelection
ENMeval
::> Result:
3 features (hinge. quadratic and product) combined with
Regularisation Multiplier of 3.5

- Improve MaxEnt predictive power

|

Ecological Niche Modelling (ENM) with
MaxEnt - Overall model estimated relative contribution of
Overall model using all sampling ) environmental variables to Ethiopian chicken habitats

. . Population wise models predicted suitable niche
locations from all populations N N - ) L
X . distribution of individual populations across Ethiopia
Population-wise ENM

- Assess niche similarity - Hierarchical clustering to group populations in
- Population clusters based on similar > potential ecotypes

niches Result:
25 populations grouped into 12 ecotypes

l Methods used:
- ENMTools pairwise correlation and niche overlap of
Define Ecotypes: suitability maps used as metric of niche similarity

Figure 3.1 A framework for defining livestock ecotypes based on environmental
characterisation using the ENM approach.

3.3.1 Selection of agro-climatic predictors

The selection of agro-climatic variables is a critical part of ENM to maximise predictive
performance. The choice of environmental variables can limit the prediction of
distribution for a species or taxa (Warren et al., 2014; Zeng et al., 2016). Using few
variables will decrease the model’s predictive power, and too many variables will

overburden the model. Besides, using correlated variables can produce biased models

47



Chapter Three

that do not accurately represent a species niche (Bradie & Leung, 2017). Therefore,
selecting environmental predictors in this study entailed starting with a large set of
variables and then shortlisting them by removing the highly correlated ones and those
with a little contribution in explaining the model. Initially, 34 environmental variables
were chosen from public databases based on their potential relevance to chicken biology
and production. These variables were grouped into three clusters: (1) climatic variables
(n = 22), with potential impact on the physiological tolerance of chickens; (2) soil
variables (n = 8), which may influence food availability; and (3) vegetation and land
cover (n = 4) variables, potentially affecting both food availability and exposure to
predation (Table 3.1). Variables were then shortlisted based on three different analyses

as described below.

3.3.1.1  PCA of populations based on environmental data

PCA was performed for each variable cluster separately to investigate the population
habitat structure. PCA plots in Figure 3.2 display the population variance distribution
due to the diversity of the variables tested. Arrows indicate the direction of the variables
in relation to the PCs plotted. Arrow lengths indicate the extent of contribution of a
variable in explaining the habitat structure. Remarkably, PC1 and PC2 explain over 60%
of the variants in all three groups, although populations vary widely among the PCAs.
Despite differences between PCA plots, several populations persistently appear close to
each other in all PCAs, such as Loya and Kumato, Gafera and Amesha Shinkuri, Gesses
and Kido, Shubi Gemo and Bekele Girissa. It suggests a similar landscape configuration

for these population groups, irrespective of the environmental variables investigated.
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Figure 3.2 A framework for defining livestock ecotypes based on environmental characterisation using the ENM approach.

(A) Soil variables, (B) Vegetation and land cover variables, and (C) Climatic variables.
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3.3.1.2  Correlations among environmental variables

None of the climatic and agro-ecological variables had a normal distribution in Shapiro-
Wilk normality testing (P > 0.001) (Supplementary Figure S3.1). Therefore,
Spearman’s rank-order correlation was used to identify any positive correlation between
a pair of variables. Figure 3.3 (A-C) shows the correlations of variable pairs within the
three clusters. The strength of correlation was defined as: rs > 0.8 as very strong, rs>
0.6 to < 0.8 as strong, rs > 0.4 to < 0.6 as moderate, rs > 0.2 to < 0.4 as weak, and rs >
0 to < 0.2 as very weak. For the selection of variables for ENM, we used the threshold

of rs<0.6.

Within the climatic variable group, strong to very strong correlations are observed (rs=
0.60-0.98) among biol (annual mean temperature), bio4 (temperature seasonality), bio5
(maximum temperature of the warmest month), bio6 (minimum temperature of the
coldest month), bio8 (mean temperature of the wettest quarter), bio9 (mean temperature
of the driest quarter), biol0 (mean temperature of the warmest quarter), bioll (mean

temperature of the coldest quarter), and water vapour pressures (representing humidity).

Among the precipitation variables, strong to very strong correlations (rs >0.72 to 0.97)
are observed among biol9 (precipitation in the coldest quarter), bio12 (annual rainfall),
biol3 (precipitation of the wettest month), and biol6 (precipitation of the wettest
quarter), and among biol4 (precipitation of the driest month), biol7 (precipitation of
the driest quarter) and bio18 (precipitation of warmest quarter). Elevation (bio20) shows
a very strong negative correlation with many temperature variables (viz. biol, bio5,

bio6, bio8, bio9, biol0, and bioll) and water vapor pressure.
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Figure 3.3 Spearman correlation test for three different groups of climatic and
environmental parameters evaluated.

(A) Soil variables, (B) Vegetation and land cover variables, (C) Climatic variables, (D)
Correlation test between non-correlated variables from different groups. (Order of the variables
is based on the strength of correlation).

Among soil variables, soil bulk density and pH show very strong correlations (rs> 0.8),
while sand content shows strong correlations with both soil pH and soil bulk density (rs

=0.76 and 0.68, respectively).

After taking one variable from each correlated pair (with rs > 0.6 with P <0.001 ) along
with other non-correlated variables, 14 variables were retained. A final correlation test

among these did not find any pair withrs> 0.6 (Figure 3.3D).
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3.3.1.3  MaxEntVariableSelection

MaxEntVariableSelection package was used to simultaneously assess the correlation
status and contribution level of the variables in chicken agro-ecologies and then to
shortlist a set of predictors with low or no correlation among them (r < 0.6). The
shortlisting process identified eight variables with a contribution level ranging between
4 to 15%. However, we further excluded two variables, crop dominance and grass-land,
as they had shown high multi-collinearity with LandUse (Gheyas et al., 2021). This
left us with a final set of 6 variables for the ENM: minimum temperature of the coldest
month (bio6 - minTemp), precipitation seasonality (biol5 - precSeasonality),
precipitation of wettest quarter (biol6 - precWQ), precipitation of driest quarter (biol7
- precDQ), soil organic carbon, and, land use (cult_T). Figure 3.4 shows the relative

contribution of the six variables.

Cult_T (LandUse) —17-9
Soil_OrganicCarbon (SoilOrgC) _26-g
biol7 (precDQ) -5-5
bio16 (precWQ) —15
bio15 (preSeasonality) _8-2

bio6 (minTemp)

12.6

0 5 10 15 20 25 30

Figure 3.4 Percent contribution of each of the six agro-climatic selected variables to
the overall environmental diversity calculated using the MaxEntVariableSelection R
package.
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3.3.2 Selection of the best model configuration

An optimal combination of FCs (feature classes) and RM (regularization multipliers) is
crucial for achieving a balance between the goodness of model fit and model complexity
(Muscarella et al., 2017). FCs are an expanded set of transformations of the original
environmental variables that allow complex relationships to be modelled (Morales et
al., 2017). Several FC options are available in MaxEnt, such as linear (L: the variable
itself), quadratic (Q: square of the variable; fits variance), product (P: product of two
variables; fits interaction effect), threshold (T: a step function with the different
response below and above the threshold), hinge (H: similar to T, but the response above
or below the threshold is linear with a positive or negative co-efficient) and categorical
(C: fits categorical variables) (Elith et al., 2011). On the other hand, the RM value is
used to prevent over-complexity or over-fitting a model by controlling the intensity of
the chosen FCs (Morales et al., 2017). A highly complex model may have a good fit,
but it may not generalise well (Ellith et al., 2011). The RM value causes a trade-off
between model fit and model complexity. Therefore, a series of MaxEnt models
combining different FCs and RMs were performed and evaluated in ENMeval using the

six selected environmental variables and collectively taking all 250 sampling locations.

In total, 208 RM-FCs combinations were evaluated (Supplementary Table S3.1). AlCc
value instead of AUC test value was chosen as the evaluation parameter to identify the
best RM-FCs combination. AICc has been described as the better option because it is
an index that reports the trade-off between fitting (likelihood) and parsimony (number
of parameters) of the model (Lobo et al., 2008; Galante et al., 2017). T (threshold) and
C (categorical) features did not make any difference in the AICc values at any RM
combination; hence these features were dropped in subsequent analyses. Moreover, L

(linear) and H (hinge) features were not used together as both represent linear responses,
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so their combined use is redundant (Elith et al., 2011). Therefore, the feature
combinations evaluated were: L, Q, P, H, LQ, LQP, HQC, and HQP. HQP (hinge,
quadratic, and product) feature combined with an RM value of 3.5 showed the lowest
AICc value (6039.084), indicating that this parameter configuration is expected to

provide the best predictive performance for our study (Figure 3.5).
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Figure 3.5 AICc values for different combinations of Feature Classes (FCs) and

Regularization Multipliers.
The FCs shown are: Linear (L), Quadratic (Q), Product (P), Hinge (H), and Categorical (C).

To assess if these optimized parameters made any difference in prediction over the
default settings in Maxent, we compared the suitability maps based on these two
parameter sets, taking all sampling locations together (Figure 3.6). Although the two
maps showed a high similarity (niche overlap = 0.95), the optimised parameters
predicted more suitable regions. These selected parameters were therefore used for all

subsequent MaxEnt modelling.
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Figure 3.6 Suitability maps for the complete set of Ethiopian chicken populations.
Default settings provided by the MaxEnt approach and identified parameters (HQP features and
beta-multiplier = 3.5) using ENMeval were used.

3.3.3 Final ENM using selected environmental variables and parameter setting

Using the chosen parameter configuration and environmental variables, a final MaxEnt
model with all 25 populations (250 presence points) was executed to assess the model
performance further and obtain a refined estimate of the variable contributions on

Ethiopian chicken populations as a whole (Figure 3.7).

This model predicted suitable habitats for Ethiopian village chickens with high success
rates and low omission rates for training and test data that closely matched the expected
omission (Figure 3.7A). The omission is the false-negative rate (i.e. where the model
wrongly predicted unsuitable conditions for an occurrence location). Likewise, the
model produced high AUC values: 0.911 and 0.891 for training and test data,
respectively (Figure 3.7B). A high AUC value indicates that the model classifies
presence more accurately than a random position, and AUC > 0.9 should be considered
an excellent predictive ability (Pearson, 2010). The jackknife results for individual
environmental variables also showed higher than random predictive power with AUC

> 0.64 for all variables (Figure 3.7C).
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Figure 3.7 MaxEnt model based on six selected variables using the best combination
of feature classes (HQP) and the regularization of multiplier value (3.5).

(A) Omission rates and predicted areas at different cumulative thresholds on test and training
data, (B) Receiver Operating Curve for training and test data, (C) Jackknife result for AUC
(Area Under Receiver Operating Curve) for each selected environmental predictor.

MaxEnt generates several other useful statistics to assess individual environmental
predictors, namely - Jackknife of gain function from test and training data (Figure 3.8),
response curves per variable (Figure 3.9), and percent contribution based on

permutation importance (Figure 3.10).

The jackknife result of test and training gains by individual variables and all variables
together is an important metric for assessing variable contribution and model
performance. The gain is a penalised likelihood function that MaxEnt maximizes to find
a model that best differentiates presence from background locations (Elith et al., 2011).
Also, the gain indicates how closely the model is concentrated around the presence
samples. It is used to measure the goodness of fit in generalized additive and linear
models (Phillips et al., 2006). Jackknife results of training and test gain indicated that
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bio6 (minimum temperature in the coldest month), biol6 (precipitation in the wettest
quarter), cult_T (LandUse), and soil organic carbon content were the variables that had

the most useful information when used in isolation of other predictors (Figure 3.8).

On the contrary, the results also showed that cult_T, bio6, and bio15 variants decreased
the gains most when excluded from the analysis, indicating that these variables
contained most of the information not present in any other predictors. Although
precipitation seasonality (biol5) provided only a little gain (Figure 3.8A), omitting it
decreased the training gain considerably (see the light blue bar compared with the red
bar), indicating that it is important for the accuracy of the model. A similar result is

illustrated for the jackknife of test gain (Figure 3.8B).
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Figure 3.8 Jackknife of regularised (A) training gain and (B) test gain for Ethiopian
chicken.

Response curves (Figure 3.9) show how the predicted probability of presence (model
predictive power) varies as each environmental variable changes, keeping all the other

variables at their average sample value. For example, the response curve for bio6
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(minTemp) and LandUse shows that the probability of chickens’ presence decreases
when the temperature and cultivated land proportion rise. Also, when precipitation
seasonality (bio15) and soil organic carbon increase, the likelihood of chicken presence
increases. The probability of the model for chicken presence distribution drops
gradually when the precWQ (bio16) falls until 600 mm/m? and then rises again. In
contrast, the likelihood of chicken presence increases when precipitation in precDQ

(bio17) rises until 90 mm/m? and drops steadily until 200 mm/m?.

In contrast with the response curves, the marginal response curves represent a different
model, a MaxEnt model that only uses the corresponding variables. Thus, the plots
reflect the dependence of predicted suitability on the selected variable (Figure 3.9).
SoilOrgC and bio6 (minTemp) display a similar response for chicken presence between
response curves and marginal response curves. Contrastingly, biol5 - precSeasonality
(80 — 100 and 140 - 180 mm/m?), bio16 - precWQ (precipitation in the wettest quarter
=1200 mm/m?) , biol7 — precDQ (precipitation in the driest quarter = 90 — 100 mm/m?)
and LandUse (38%) show peaks in the marginal response curve where the chicken
presence arises for specific values in each variable. This marginal response needs to be
cautiously interpreted. It represents the prediction accuracy of presence response to an
individual variable without considering its ecological interactions with other biotic and

abiotic factors occurring in a real environment.
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Figure 3.9 Response curves for six selected agro-climatic variables when the ENM is

applied across all chicken populations.
The X-axis in each plot shows the environmental values, and Y-axis shows the cumulative

output or probability of presence.
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Permutation importance can be understood as each variable’s contribution, determined
by randomly permuting that variable’s values among the training points for the presence
and background data (Philips, 2017). All selected environmental variables produced
high contribution values in terms of permutation importance (> 10%) (Figure 3.10). The
three highest contribution values are Soil Organic Carbon (31.2%), Cult_T (18.1%),
bio6 (minimum temperature in the coldest month), and biol6 (precipitation in the

wettest quarter) (17.4%).

Final ENM - 3.5 HQP

biol7
(precDQ)

biol6
(minWQ)

biol5
(precSeasonality)

Ny —
(minTemp)

LanUse

B Permutation importance ~ ® Percent contribution

Figure 3.10 Refined estimates of percent contribution (before applying permutation)
and permutation importance (% contribution after applying permutation) of six selected
environmental predictors from the MaxEnt model.

The model was executed with selected model parameters (feature classes: HQP and
regularization parameter: 3.5) and using all (250) presence data points from all populations.

3.3.4 Defining ecotypes

For defining ecotypes, MaxEnt models were first executed for individual populations
using the same variables and parameter setting as above. These models predicted a
habitat/environmental suitability map of individual populations across the Ethiopian

landscape and estimated the relative contribution of environmental variables to each
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population niche. AUC values of all models were high (> 0.99) for both training and
test data (Supplementary Table S3.2). Similarly, the AUC values for the individual
environmental variables for each population were generally higher than 0.6, with
several exceptions, like bio6 and biol15, which in some populations had values less than

0.6 but over 0.5, which still represent moderate potential.

Pearsons correlation and Niche Overlap statistics were generated by pairwise
comparison of the suitability maps for clustering the populations into a similar niche for
defining potential ecotypes. The two metrics used for comparing the suitability maps
provide somewhat different information. Niche Overlap metric is a measure of
similarity of distributions between two populations. In contrast, correlation correlates
the underlying models (Warren & Seifert, 2010). The correlation metric is generated by

comparing logistic suitability scores (0 or 1) of the two maps’ corresponding grid cells.

On the other hand, the Niche Overlap statistic only checks for the proportion of overlap
of grid cells that were predicted as suitable (i.e. with logistic suitability score = 1)
between two maps. Therefore, it does not include grids with a suitability score of 0 in
its calculation. In our study, the results of these two metrics were significantly correlated

(Spearman correlation coefficient = 0.61; P < 0.0001).

Hierarchical clustering of the populations based on the above two similarity metrics
showed different overall topography depending on which statistic was used (Figure 3.11
and 3.12). However, 18 out of 25 populations showed consistent grouping in both
analyses. Consistent clusters are (1) Amesha Shinkuri, Gafera, Surta, and Batambie; (2)
Ashuda and Dikuli; (3) Bekele Girissa and Shubi Gemo; (4) Gesses and Kido; (5)
Kumato and Loya (6) Hugub and Jarso, (7) Hadush Adi and Mihquan. Therefore, we

took the most plausible grouping based on at least one test for the rest of the seven
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populations. A visual inspection of the maps was performed when the tests generated
ambiguous results (Meseret, Alfa Midir, Horro, Adane, and Negasi Amba). As a result,
three populations — Arabo, Metkilmat, and TzionTeguaz-could not be grouped with

other populations and considered separate ecotypes.

Pearson E
Correlation

-1.0 -05 00 05 1.0

Ashuda

I

Figure 3.11 Dendrogram and heatmap of pairwise Pearson correlation between
suitability maps of individual chicken populations.

Finally, 12 potential ecotypes were identified for the 25 populations examined here
(Figure 3.13), reflecting the large heterogeneity of the Ethiopian agro-ecological
landscape. (Suitability statistics were generated by pairwise comparison of the ENM
suitability maps followed by hierarchical clustering and visual inspection to define the

ecotypes).
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Figure 3.12 Dendrogram and heatmap of Niche Overlap statistic (I) between suitability
maps of individual chicken populations.

The most important agro-climatic variables for each ecotype were identified (Table 3.2).
These variables are expected to place strong selective pressure on driving adaptation
within the ecotype. Interestingly, biol6 (precipitation in the wettest quarter), biol7
(precipitation in the driest quarter), and cult_ T (land use) appear to have major
contributions in many ecotypes. In contrast, biol5 (precipitation seasonality) and soil

organic carbon generate heterogeneity within several ecotypes.
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Figure 3.13 The set of 12 potential ecotypes represented by their suitability maps.
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Table 3.2 Major contributing environmental variables in each ecotype.
(bio6 (minTemp), biol5 (PrecSeasonality), biol5 (precWQ), biol6 (precDQ), cult_T
(LandUse))

Potential Populations Major contribute A possible source of
ecotype variables differentiation
among ecotypes’ within ecotypes?
El AmeshaShinkuri, bio6, biol6 biol5
Gafera, Surta,
Batambie
E2 Ashuda, Dikuli biol6, biol7, cult T biol5
E3 BekeleGirissa, biol6, biol7, cult T Soil organic carbon
ShubiGemo
E4 Adane, Local Horro Cult_T, Soil organic bio6, biol6, biol7
carbon
E5 Loya, Kumato Cult_T, biol5, biol7 bio6, biol6
E6 Mihquan, Hadush Adi, biol7, cult T bio6
Hugug, Jarso
E7 Negasi Amba, bio6, biol7 biol5, Soil organic carbon
AlfaMidir
E8 Gesses, Kido biol6, biol7 biol5, Soil organic carbon
E9 Meseret, Gijet biol5, biol6, Cult_ T Soil organic carbon
E10 Metkilimat biol6
E1ll Arabo bio6, bol6, cult T
E12 TzionTeguaz biol7

Major contributing variables are those that showed individual AUC > 0.9 for all
populations in the same ecotype.

2The variables showing the source of differentiation were the ones that showed very diverse
individual AUC values for populations within ecotypes.

3.4 Discussion

This study presents an innovative framework of modelling landscape heterogeneity to
identify ecotypes of indigenous livestock populations and identify key environmental
selection pressures that may have driven local adaptation. Exemplified by Ethiopian
village chicken, this novel approach offers a powerful new tool for identifying,

characterising, utilising, and conserving livestock diversity.
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Choosing Ethiopian indigenous chicken as the study material for ENM had several
rationales and benefits. First of all, Ethiopia exhibits great variation in agro-climatic
landscapes, predominantly due to extreme altitudinal variation, making it an excellent
study landscape for ENM. Moreover, Ethiopian village chickens show diverse
morphological and phenotypic characteristics within population (Tadelle et al., 2003),
making their classification as ecotypes difficult with their associated phenotypic
standards. Therefore, such environmental-modelling-based approach provides a great
opportunity for classifying these populations. Besides, these village chicken
populations survive in local scavenging or semi-scavenging systems of smallholder
backyard farming. Compared to highly productive commercial breeds, they show a
higher degree of tolerance to biotic and abiotic stressors in their environment.
Therefore, defining ecotypes based on environmental modelling can provide a novel
platform for genomic analyses to elucidate local adaptations. The high levels of
biological diversity in the Ethiopian chicken populations, along with the diverse
environmental conditions of their habitats, make these birds an ideal model to

demonstrate the applicability of ENM in livestock species.

An ecotype denotes a genetically adapted population to specific environmental
conditions. Following the introduction of domesticated species into new habitats,
animals adapt to new environments, leading to new ecotypes (Kéhler-Rollefson, 2001).
With the distribution of most livestock species across diverse agro-climatic and
ecological regions due to human-mediated introduction (Lawler, 2016), livestock
ecotypes may also be described as a non-static adaptive variation over many natural
landscapes with no discernable boundaries (Lowry, 2012). In practice, researchers and
farmers, therefore, face difficulties in identifying and establishing frontiers for ecotypes

within the geographic range of a livestock species.
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Although previous studies have used different criteria for defining livestock ecotypes
(Keambou et al., 2014; Getu & Tadesse, 2014), none addressed the geographic
boundaries of ecotypes. Indeed, a detailed characterisation of environment, phenotypes,
and genotypes are required to understand these three components’ interaction. A
comprehensive environmental characterisation of a species habitats may help unravel
the clinal variations in genetic and phenotypic traits. With this base, our study developed
a framework that livestock researchers and practitioners can apply for defining potential
ecotypes by directly modelling important environmental predictors that may drive

adaptive evolution.

Our starting point was identifying the landscape variable structures relevant to the
formation of Ethiopian village chicken ecotypes. The choice of agro-climatic variables
for modelling a landscape configuration faces many potential challenges due to non-
uniformity and the variety of ecosystems used by a species (Francois & Waits, 2016),
such as chicken, with its wide distribution range among very diverse landscapes
(Lawler, 2016). To avoid arbitrary choices as much as possible, we evaluated 34
environmental parameters to characterise the Ethiopian agro-ecological landscape. No
strong correlations were observed during the variable selection between temperature
and precipitation variables, which are usually positively correlated (Cong & Brady,
2012). This is because Ethiopia’s rainfall patterns do not vary drastically with elevation;
instead, it changes with geographic location. In contrast, temperature varies directly
with elevation (Jury & Funck, 2013). We then followed a rigorous procedure to select
environmental predictors by removing highly correlated variables while retaining only

high contributing ones.
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The six shortlisted variables included soil features, land-use, and climatic parameters,
which resulted in a good prediction of suitable habitats of Ethiopian chicken
populations. The same or similar variables were also used in a previous study by (Pitt
et al., 2016) for predicting the suitable environmental conditions of early domestic fowl
at a global geographic scale based on niche occupied by extant wild Red Junglefowl
(Gallus gallus). Their study, however, also included bio4 (temperature seasonality) and
bio5 (maximum temperature of the warmest month) in their model. These variables
were not included in our study either because they showed a strong correlation with one

or more variables or had little contribution in explaining the overall model.

We also decided to optimise the best model parameters (RM and FCs) to achieve the
best predictive power for our Ethiopian data. We demonstrated that ENM based on
selected parameters had a discernible impact on predicting habitat distribution
compared to the default setting (Figure 3.6). Model parameters were optimised based
on combined analysis of all populations and subsequently applied to individual
population analyses. No attempt was made to select the best parameters for a particular
population as the data points per population were too small for a meaningful
optimisation. Besides, using the same parameters for all populations provided a

common ground for comparing suitability maps for ecotype definition.

For ecological niche modelling or species distribution modelling (SDM)), it is generally
a requirement that the presence data are not spatially autocorrelated and are from a
random or representative sampling of environmental space occupied by the focal
species and (Elith et al., 2006; Yackulic et al., 2013). The presence of spatially
autocorrelated data points would generate a biased inference in the SDM, as these would

lay more weight on certain types of habitats as suitable. In our study, however, the
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sampling points within populations were not uncorrelated. This is because the
geographic range of each population was very small, as samples from individual
villages were considered a population, and for each population, we included 10 data
points. However, we believe that such a sampling bias is not an issue for the context of
the present study, but rather it was necessary. This is because the goal of our study was
not to predict the distribution of a species but to classify the investigated populations
into similar niche categories for defining ecotypes. Therefore, to capture each
population’s environmental condition via modelling, we had to take several sampling

points from each population (even though they were autocorrelated).

3.5 Conclusions

The novel approach presented here demonstrates how environmental modelling leads
to livestock ecotype characterisation and definition, providing a baseline for
environment-genotype association studies (Chapter 5) and better management
practices. Genomic analysis of these ecotypes will allow dissecting the genetic basis of
local adaptation. Such knowledge will be invaluable for breeding improvement
initiatives through marker-assisted selection or introgression, genomic selection, and
genome editing. Incorporating “adaptive capacity” in highly productive breeds will be
of great value to ensure sustainable livestock production. Moreover, habitat suitability
mapping can be an effective tool for deciding which areas have the best environmental
condition to introduce a new livestock breed for farming or determine the most suitable
population for agriculture in a given agro-climatic scenario. The framework presented
here should be applicable to any livestock species and would be able to incorporate any
relevant environmental data (e.g. epidemiological data), promising a much wider

implication.
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Chapter 4

Whole-genome sequences reveal the drivers of
environmental adaptation in Ethiopian village chicken
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Abstract

Worldwide, climate change affects agriculture systems, producers’ welfare, and food
availability for the growing human population. Consequently, different mitigation
strategies need to be put in place. Pinpointing environmental stressors at the local level
and identifying genomic regions that may strengthen the resilience of individuals
against these ecological stress factors provide important entry points for devising
mitigating measures. Using the six major agro-climatic variables identified by ENM (in
Chapter 3), this chapter investigates the genomic signatures of adaptation to these
environmental stressors in Ethiopian village chicken populations. One temperature
variable (strongly correlated with elevation), three precipitation variables (related to
water availability), and two soil/land variables (linked to food availability for scavenger
chickens) were analysed. Between-group genomic analyses (XP-EHH and Fst) were
performed on populations from extreme environments (High vs Low) for each
environmental variable separately. The analyses identified candidate genomic regions
and genes under positive selection for environmental challenges related to high altitude
and extreme temperature, water scarcity, and food availability. The results presented
here illustrate the importance of identifying key agro-climatic drivers prior to genomic
analysis for environmental adaptation, while the detected candidate genes offer valuable

targets for the improvement of adaptive performance through breeding programmes.

4.1 Introduction

Nowadays, livestock increasingly undergoes environmental stresses under changing
climate conditions (Niyas et al., 2015). Climate change has turned out to be a global

phenomenon that threatens the survival of many ecosystems, increasing the temperature
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and leading to extreme precipitation and fluctuation of weather conditions (Stocker et
al., 2013). The agriculture sector is one of the most affected sectors of extreme climates;
firstly, by challenging the physiological coping mechanism of livestock species (e.g.
temperature stress) (Afsal et al., 2018) and, secondly, by impacting the welfare and food
security of smallholder farmers and rural populations (Makuvaru et al., 2018; Dil

Bahadur & Akhter, 2018).

Demand for livestock products is rising due to the growing human population
(Rashamol & Sejian, 2018). Thus, a sustainable livestock production system is
imperative to respond to market demands. One of the possible avenues is developing

and utilising more climate-resilient breeds (Karimi et al., 2018).

Compared to exotic breeds, indigenous livestock populations display a better adaptation
to their local environmental conditions (Rashamol & Sejian, 2018). These populations
represent a valuable source of adaptive genetic diversity (Velado-Alonso, 2020). More
than any other livestock species, domestic chicken show a wide range of environmental
resilience. They are found in the most extreme environments, from the hottest (e.g. an

oasis in the desert) to the coldest (e.g. Tibetan plateau) (Lawler, 2016).

Local breeds of chicken in Africa are adapted to a broad tropical environmental
diversity. Since the early human-mediated chicken migration occurred worldwide,
different environmental challenges have modulated their adaptation response (Lawler,
2016). For instance, chickens can naturally control their core body temperature
homeostatically, but regulation works within a narrow range (Abioja & Abioma, 2021).
Today, however, chickens are found ubiquitously worldwide and across very diverse
temperature zones, ranging from hot and arid tropical climates (24 — 36 °C) to very cold

temperate regions (below 0 °C). Long exposures to such environmental stressors are the
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driving force for natural selection to occur to achieve a lasting adaptation. Therefore,
investigating local adaptations can provide valuable insight into their genetic basis.
Such knowledge would be invaluable in combating rapid climate change impacts on
livestock populations and creating resilient breeds through genetic interventions. This
example, plus other environmental stressors vs adaptive responses in chickens, points
out that the indigenous village populations — exposed to various environmental stressors

- are an interesting focal resource to scrutinise local adaptation.

The Ethiopian agricultural landscape displays a combination of rainfall patterns and
temperature at the root of a large diversity of agro-climatic conditions (Fazzini et al.,
2015), which vary from hot-humid and hot-arid to cold-humid and cold-arid (Mangistu,
2006). It provides us with a unique opportunity for untangling the genetic drivers of

environmental adaptation.

Even though African indigenous chickens are adapted to their harsh environmental
conditions, the genetic mechanisms behind these adaptations are still unclear
(Muchadeyi & Dzomba, 2017). Until now, studies related to environment-genome
adaptation in chicken have focused on specific environmental stressors, such as
elevation or temperature stress (e.g. Zhang et al., 2016a; Cedraz et al., 2017). In this
chapter, we used the six agro-climatic variables defined in Chapter 3 to identify
genomic regions under positive natural selection as an adaptive response to these
environmental stressors in the Ethiopian indigenous village chicken populations. We
used a comparative genomic approach by 1) ranking the populations for each of the six
environmental parameters, 2) identifying extreme groups of populations, and 3)
comparing and contrasting the genome differentiation of these two extreme groups.
Genomic regions affected by positive selection show long-range linkage disequilibrium

(LD) and high population frequency. Hence, we applied two cross-population methods
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to detect signatures of selection: the fixation index (Fst) and the cross-population
extended haplotype homozygosity index (XP-EHH). Fst statistic (Weir & Cockerham,
1984) measures population differentiation, resulting in differences in population genetic
structure following distinct demographic or selection histories. Large Fst values
between the populations at specific genome regions will represent candidate regions
under selection (Biswas & Akey, 2006). The XP-EHH is based on the calculation of the
long-range haplotype (LRH) length around each marker (Voight et al., 2006). It
identifies selection signals in cross-population comparison. The XP-EHH index was
explicitly designed for the signature of positive selection analysis. Based on a linkage
disequilibrium calculation approach, it is assumed to give lower false positives than Fst
(Ma et al., 2015). It also indicates which population experienced selection (Diao et al.,
2019). These two methods were chosen based on two main reasons. First, we wanted to
have one allele frequency-based approach and on LD-based approach, and second, both
methods capture different selection signals and can serve as validation for each other.
Therefore, in this study, genomic regions detected by both methods simultaneously

were treated as the strongest candidates of selection signatures.

4.2 Material and Methods

4.2.1 Environmental data and definition of extreme groups of populations

The details about the selection of agro-climatic variables can be found in section 3.1
(Chapter 3). Supplementary Table S4.1 shows the data from the six selected variables
in each population. The environmental variables are denoted as: the minimum
temperature of the coldest month of a year (minTemp), precipitation seasonality

(PrecSeasonality) representing the variation in precipitation across a year, precipitation
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in the wettest quarter of the year (precWQ), precipitation in the driest quarter of a year
(precDQ), soil organic carbon content (SoilOrgC) and proportion of cultivated land

(LandUse).

After ranking the 25 populations for each environmental parameter from low to high,
two populations from each end of the gradations were selected. These low and high
groups of populations for the six agro-climatic variables were used to perform the

selection signature analyses.

4.2.2 Genomic data

Sequencing data information for 223 out of the 243 samples are available in
Supplementary Table S2.1 (Chapter 2). Twenty additional samples from Horro and
Jarso populations were accessed from a previous study (Lawal et al., 2018). These 243
samples belong to 25 different Ethiopian chicken populations (Table 2.1 and Figure 2.1

in Chapter 2; Table 3.1 in Chapter 3).

4.2.3 Selection signature analyses

Two methods of detecting signatures of positive selection — XP-EHH and Fst - were
applied over the extreme low and high groups for each environmental variable. The
filtered autosomal SNP set described in Chapter 2 was used for these analyses. In both
cases, analyses were performed in overlapping 20-kb windows with a 10-kb sliding
step. Windows with only SNPs > 10 were retained for further analyses. For both
detection methods, empirical P-values were calculated by first sorting the scores in
descending order (i.e. by ranking the windows) and then dividing their ranks by the total

number of windows.
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4.2.4 Fst analysis

Fst analyses (Weir & Cockerham, 1984) were performed using VCFtools version 0.1.11
(Danacek et al., 2011). Following formula 4.1, Fst values were calculated for each SNP
as described in Akey et al., (2002), which compare differences in allele frequencies

between populations.
(4.1) Fst = Pitotat = Piwithin
Where P; ,itnin @nd P; are defined following formulas 4.2 and 4.3.

P(i) population 1 + P(i) population 2
(4.2)  Piwithin = >

(4.3) P,=1-fA2 — fT2 — fC2 — fG2

With fN being the frequency of nucleotide N (A, T, C, or G), and P; ;ot4; 1S the total P;
for which allele frequencies in both populations are averaged. The weighted Fst values
were standardised (ZFst) to allow using the same threshold score for each

environmental parameter as follows (formula 4.4).

Fst — uFst

4.4) ZFst =
(44) s oFst

Windows with only SNPs > 10, empirical P-value < 0.01, and Fst (ZFst) > 5 were

considered potential sweeps.

425 XP-EHH

The XP-EHH analyses were performed using the Hapbin package (Mclean et al., 2015).
As the Hapbin software requires the genetic positions (along with physical position) of
variants as input, these were calculated using chromosome-specific recombination rates
(Groenen et al., 2009). For chrl6, we used the recombination rates of Elferink et al.

(2010). The recombination rates are based on older reference genome and not GRCg6a
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assembly. To avoid any issues produced by that, we used “mean” recombination rates
for specific chromosomes (calculated by dividing cM length of chromosome by
physical length in Mb) for estimating the genetic distance of the SNPs. However,
Groenen et al., (2009) do not have information on Chr 30 — 33. Then, for these
chromosomes, we took the average recombination rate of all microchromosomes (5.4

Cm/Mb).

Missing genotypes were removed, and phasing was performed using Beagle v5.1
(Browning & Browning, 2007). XP-EHH values were first calculated for individual
SNPs with two parameters: cut-off value for Extended Haplotype Homozygosity (EHH)
is 0.1, and minor allele frequency > 5%. The calculation was performed according to
Sabeti et al. (2007) using the formula (4.5), where (S) represent the given marker to be
calculated, and iES represent the integrated EHH (average length of shared haplotypes)
in populations 1 and 2, which are being contrasted.

IESpop1(S)

(4.5) unXP-EHH (s) = In (iES D)
pop

For a given marker (s), XP-EHH_std is defined as the standardized unXP-EHH in
formula (4.6), where mean (unXP-EHH) and sd(unXP-EHH) represent the mean and

standard deviation of unXP-EHH computed over SNPs with similar allele frequency.

unXP-EHH (s) — mean(unXP-EHH)
sd(unXP-EHH)

(4.6) XP-EHH _std(s) =

Mean values were calculated within windows for (i) standardised XP-EHH (XP-
EHH_std) and (ii) the absolute value of standardised XP-EHH (|XP-EHH_std|).
Threshold values were defined as follows: windows with only SNPs > 10, empirical P-
value <0.01, and absolute standardised XP-EHH (|XP-EHH]|) > 3. From these, windows

with SNPs showing the same directionality of selection were considered as candidate
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signatures of selection windows. Positive XP-EHH values indicated selection in the low

group and negative values selection in the high group.

Moreover, pooled heterozygosity (Hp) (Rubin et al., 2010) value for candidate selected
windows was calculated (see details in Material and Methods section of Chapter 5) for
the low and high groups separately to confirm the directionality of selection. In
particular, Hp results were referred to when XP-EHH results were ambiguous regarding
the directionality of selection. Windows were removed from the subsequent analysis

when the directionality could still not be resolved.

4.2.6 Functional annotation

Identified selection signature regions (SSRs) were intersected with known genes from
Ensembl (release 98) using Bedtools v2.26 (Quinlan & Kindlon, 2017). Candidate
genes were checked for their overlap with known chicken QTLs to find a possible and
suggestive phenotypic association (Hu et al., 2014). Only significant QTLs with size <

1 Mb were considered.

4.3 Results

4.3.1 Definition of Low and High population groups

The first step towards selection signature analyses in relation to the six ENM-identified
environmental variables was to decide which populations to compare. Figure 4.1 shows
the ranking of the 25 populations from low to high for each of the six environmental

variables.

For each environmental variable, two populations from extreme ends of the variable
distribution were chosen. The minimum temperature of the coldest month of the year

(minTemp) is highly correlated with the maximum temperature of the warmest month
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(bio5 - maxTemp) and the elevation (Figure 3.3C in Chapter 3). Accordingly, AlfaMidir
and NegasiAmba are the two extreme populations in the Low group, but for the High
group, we selected Mihquan and Hugub. Mihquan, instead of Kido, was selected as the
maximum temperature of the warmest month (bio5 - maxTemp) for Mihquan is higher
than that of Kido, while other correlated variables (i.e. minTemp and elevation) show

similar values.

For the precipitation seasonality (precSeasonality), the Low group includes Loya and
Kumato, and the High group Meseret and Gijet (Figure 4.1B). Hugub and Jarso are the
two extreme Low group populations for the precipitation of the wettest quarter
(precWQ) parameter, with Gafera and Gesses defining the High group (Figure 4.1C).
Precipitation of the driest quarter (precDQ) has Gijet and Kido in the Low group and
Kumato and Loya in the High group (Figure 4.1D). Soil Organic Carbon (SoilOrgC)
has Loya and Kumato in the Low group and AlfaMidir and Adane in the High group
(Figure 4.1E). Finally, LandUse has Gesses and Kido in the Low and Meseret and

AlfaMidir in the High group (Figure 4.1F).
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minTemp and maxTemp vs elevation
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Figure 4.1 Populations organised based on environmental gradients for the six key
environmental parameters identified by the ENM approach (Chapter 3).

4.3.2 ldentification of candidate windows under selection for environmental

adaptation

Candidate windows of selection signatures were identified based on the thresholds

defined in the Material and Methods section. The full results are presented in

Supplementary Tables S.4.2a to S4.2f. Supplementary Figures S4.1 and S4.2 show the

observed distributions of ZFst and |[XP-EHH| variables for each environmental analysis.

Supplementary Figure S4.3 shows only a weak positive correlation between XP-EHH

and Fst values (rs= 0.22 - 0.34, P < 2.2e-16). Therefore, the following sub-sections
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summarise first the ZFst and [XPEHH]| results and then describe the strongest candidate
regions (including genes and variants) related to each environmental parameter.
Included in the strongest candidates are genes that were detected by both the Fst and

XP-EHH approaches.

4.3.2.1  Overview of Fst analysis

Fst values were calculated for 93,772 - 93,844 windows in different environmental
analyses (Table 4.1). The genome-wide mean values of Fst between the Low and High
groups in each environmental analysis were very low (min: 0.021 £ 0.03 for LandUse,
and max: 0.072 = 0.06 for precWQ), indicating low overall genetic differentiation
between the groups. Between 0.1% and 0.3% of the analysed windows passed the set
threshold to be considered as candidate signatures of selection. The lowest number of
candidate windows were detected in precWQ analysis, while the highest number was
detected in precDQ analysis (Table 4.1). After merging overlapping or adjacent
candidate windows, 334 sweep regions were identified across the environmental
variable groups. The number of regions ranged from 2 (for minTemp High group) and

52 (for SoilOrgC High group).

Although we have limited number of samples (e.g. 20 samples per extreme population
groups), the selection signature analysis uses dense genomic data based on SNPs. Also,
we have not used individual SNPs for comparison but combined SNP information from
within windows. Small sample size is a problem when you are comparing individual
SNPs, but previous studies have shown that when dense data from WGS is available,
as small as 10-15 samples are good for performing selection signature analysis (Ma et
al., 2015). In our case we used 20 kb windows and ensured at least 10 SNPs are present

per window, but most windows had larger number of SNPs. On the other hand, by using
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20 kb window size and dense SNP data, we have got reasonably good resolution

compared to any QTL analysis (which are very big, often mega base long).

The mean Fst values in the candidate windows varied from 0.22 in LandUse to 0.44 in
precWQ. These values are between 6 to 10 times higher than the genome-wide Fst
average (Table 4.1). The highest ZFst scores from different analyses are: minTemp
(ZFst = 8.16, chr14:3930000-3950000) (Figure 4.2a), precSeasonality (ZFst = 12.16,
chr2:95770000-95790000) (Figure 4.2b, precWQ (ZFst= 7.91, chr4:39340000-
39360000) (Figure 4.2c), precDQ (ZFst = 10.42, chr3:73130000-73150000) (Figure
4.2d), SoilOrgC (ZFst= 11.70, chr33:6470000-6490000) (Figure 4.2e), and LandUse

(ZFst=11.75, chr2: 27950000-27970000) (Figure 4.2f).

Table 4.1 Genome-wide Fst statistics for extreme population groups (Low and High)
for the six key environmental variables.

Total Mean+SD | Candidate Mean + SD Number of
Environmental | number windows . Groun® (ZFst)
variable of windows (Total Fst . (Candidate P sweep
Fst windows) (ZFst) windows) regions¢

Low 32

minTemp 93811 Fst: 0.04+0.04 90 Fst: 0.32+0.03
High 2
Low 26

precSeasonality 93844 Fst: 0.02+0.03 218 Fst: 0.25+0.05
High 33
Low 17

precWQ 93829 Fst: 0.07+0.06 88 Fst: 0.44+0.03
High 12
Low 49

precDQ 93772 Fst:0.03+0.06 280 Fst: 0.26 £ 0.03
High 22
Low 13

SoilOrgC 93825 Fst:0.03 £ 0.04 165 Fst: 0.27+0.04
High 52
Low 51

LandUse 93830 Fst: 0.02+0.03 254 Fst:0.22+0.04
High 25

(a) Number of candidate (ZFst) windows retained with threshold: SNP > 10, P-value <
0.01, and (ZFst) > 5.0.

(b) Low and High population groups are defined by the environmental variable trend across
the studied Ethiopian chicken populations.

(c) Sweep regions were determined after merging overlapping or adjacent windows.
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Of the 334 Fst sweep regions, 153 (46%) have size of 20 kb (i.e. length of a window)
while 25 regions (7%) have size larger than 100 kb. The largest candidate regions for
each variable are: 100 kb for minTemp (chr4:43410000-43510000), 110 kb for
precSeasonality (chr3:85990000-86100000; chr4:74400000-74510000;
chr5:40460000-40570000), 240 kb for precWQ (chr8:10430000-10670000), 130 kb for
precDQ (chr2:95670000-95800000), 110 kb for SoilOrgC (chr4:50860000—
50970000), and 140 kb for LandUse (chr2:82630000-82770000) (Supplementary

Tables S4.2.a —f).

minTemp precSeasonality

ZFst

T T T T T T T T T T
0e+00 2e+08 4e+08 6e+08 B8e+08 0e+00 20408 48408 6e+08 8e+08

T
0e+00 2e+08 4e+08 6e+08 8e+08 0e+00 2e+08 4e+08 6e+08 8e+08

Figure 4.2 ZFst candidate signatures of positive selection in Ethiopian village chicken
based on six environmental variables.

The red line represents the threshold (ZFst = 5). All windows above the threshold were
considered as candidates. The X-axis represents the genomic positions within 20 kb windows
along autosomes.
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4.3.2.2  Overview of XP-EHH analyses

Between 92,405 to 92,693 windows were analysed for XP-EHH across the six
environmental analyses (Table 4.2). The genome-wise mean values of XP-EHH,
between the Low and High groups in each environmental analysis, were close to 0 (min:
-0.06 + 0.31 for precSeasonality, and max: 0.29 + 0.37 for minTemp), indicating low
overall haplotype-genetic differentiation between groups. Between 0.2% and 0.4% of
the windows passed the set threshold to be considered as candidate signatures of
selection. The lowest number of candidate windows were detected in precWQ analysis,
whereas the highest number was detected in LandUse analysis (Table 4.2). After
merging candidate windows, 472 sweep regions were identified across the
environmental variable groups. The number of regions ranged from 21 (for SoilOrgC

Low group) and 57 (for minTemp Low group).

Table 4.2 Genome-wide (]XP-EHH]) statistics for extreme population groups (Low and
High) for the six key environmental variables.

Total Number of
Environmental | number Mean + SD Ca'ndldate Mean + SD b (XP-
variable of windows | (Total XP-EHH windows) windows (candidate windows) Group EHH))
ota - windows . a candidate windows !
XP-EHH (XP-EHH]) SWEEP
regions
Low 57
minTemp 92592 XP-EHH: 0.29+0.37 292 (| XP-EHHstd)): 1.10= 1.11
High 18
Low 41
precSeasonality 92683 XP-EHH: -0.06 + 0.31 301 (|XP-EHHstd|): -0.37 = 1.11
High 46
Low 52
precWQ 92405 XP-EHH: 0.08 £ 0.42 210 (| XP-EHHstd|): 0.47 + 1.40
High 25
Low 52
precDQ 92693 XP-EHH: 0.05+0.42 285 (| XP-EHHstd|): 0.26 + 1.60
High 33
Low 21
SoilOrgC 92656 XP-EHH: 0.25+ 0.34 225 (| XP-EHHstd|): 1.01 +1.04
High 55
Low 47
LandUse 92635 XP-EHH: 0.06 + 0.47 404 (|\XP-EHHstd)): -0.08 £ 1,70
High 25

(a) Numbers of candidate (]XP-EHH|) windows retained with threshold: SNP > 10, P-value
<0.01 and (JXP-EHH]) > 3.0.

(b) Low and High population groups are defined by the environmental variable trend across
the studied Ethiopian chicken populations.

(c) Sweep regions were determined after merging overlapping or adjacent windows.
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The mean |[XP-EHHstd| values in the candidate windows varied from 1.11 (minTemp
and precSeasonality) to 1.7 (LandUse). These values are between 4 to 6 times higher
than the genome-wide average (Table 4.2). The highest |[XP-EHHSstd| scores for the
different analyses are: minTemp (JXP-EHHstd| = 4.50, chr1:197340000-197360000)
(Figure 4.3a), precSeasonality (|XP-EHHstd| = 4.41, chr7:11550000-11570000)
(Figure 4.3b), precWQ (|XP-EHHSstd| = 4.14, chr4:25510000-25530000) (Figure 4.3c),
precDQ (]XP-EHHSstd| = 5.03, chr1:136580000-136600000) (Figure 4.3d), SoilOrgC
(IXP-EHHSstd| = 5.52, chr1:197490000-197510000) (Figure 4.3e), and LandUse (|XP-

EHHstd| = 4.84, chr16:620000-640000) (Figure 4.3f).

minTemp precSeasonality

T T T T T
02400 20408 40408 60408 80408 0e+00 20408 40408 62408 80408

SoilOrgC LandUse

Figure 4.3 (]XP-EHHSstd|) candidate signatures of positive selection in Ethiopian village
chicken based on the six environmental variables.

The red line represents the threshold (]XP-EHHstd| = 3). All windows above the threshold were
considered as candidates. The X-axis represents the genomic positions within 20 kb windows
along autosomes.
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One hundred sixty-four regions (35%) are 20 kb in size whereas 38 (8%) are of sizes
larger than 100 kb. For each variable, the size of the largest sweeps regions is: 230 kb
for minTemp (chr4:63860000-64090000), 290 kb for precSeasonality (ch5:48710000-
49000000), 160 kb for precWQ (chr5:39190000-39350000), 130 kb for precDQ
(chr3:70960000-71090000), 100 kb for SoilOrgC (ch1:197480000-197580000) and
550 kb for LandUse (chr4:25890000-26440000) (Supplementary Tables S4.2.a —f).
4.3.3 Candidate genes and variants in relation to different environmental
adaptation

The number of candidates selected genome regions was determined for each low and
high environmental parameter. Regions discovered by both methods were considered
as our strongest candidates. These include entire regions or regions partially detected

by both approaches (Figure 4.4).

® Fst only Common  m XP-EHH only

100
80 I

Low High Low High Low High Low High Low High Low High

o

2

o

Count of candidate sweep regions

minTemp precSeasonality precWQ precDQ SoilorgC LandUse

Figure 4.4 Stacked bar plot showing the candidate sweep regions based on Low/High
groups and positive selection methods.
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Around 76% to 90% of the detected regions overlap with genes. The number of
overlapping genes from different analyses is 155 from minTemp, 167 from
precSeasonality, 131 from precWQ, 183 from precDQ, 174 from SoilOrgC, and 164
from LandUse (Supplementary Tables 4S.2.a — f). The candidate regions harbour
between ~62,000 to ~101,000 SNPs, but only 1.5% to 8% show a large difference in
allele frequency (dAAF > 0.5) between the High and Low population groups
(Supplementary Tables S4.3.a — f). These SNPs with high allele frequency differences
were annotated. Most of these SNPs are intronic (51% out of 597 annotated SNPs).
Only a few of these SNPs (between 1 to 35) were annotated into a potentially functional

category (non-synonymous, splicing, and ncRNA exonic) (Figure 4.5).

B minTemp m precSeasonality = precWQ
precDQ m SoilOrgC ® LandUse
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Figure 4.5 Barplots showing the number and their annotation categories of SNPs with
a large difference in allele frequency (dAAF > 0.5) between the Low and High groups
for different environmental analyses.

Numbers within bars represent the genes count for each category.
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Candidate genes were investigated for their overlap with known QTLs
(ChickenQTLdb). In total, 174 genes out of 603 overlap with QTLs of size < 1 Mb
(Supplementary Table S4.4). Genes overlapping with growth-related QTLs were
detected predominantly in all environmental groups except SoilOrgC-Low (Figure 4.6).
Overall, QTLs related to growth, egg property, and immune response were more

commonly detected.

m Growth related m Egg Production and reproduction
m Egg property Digestive system

m Body temperature = I[mmune response

m Skin related m Fat content

m Feather property m Comb property
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Figure 4.6 Count of candidate genes from selection signature regions overlapping with
QTLs of size <1 Mb.

Candidate genes detected by both (Fst and XP-EHH) methods were considered our

strongest candidates for each environmental variable and were further investigated.
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Table 4.3 report these selected genes grouped as (i) adaptation to extreme temperatures
and high altitude (minTemp analysis), (ii) adaptation to extreme rainfall patterns (from
the analyses of three precipitation variables), (iii) adaptation to food availability, and
(iv) adaptation to food abundance related to areas of cultivated land (LandUse) and

SoilOrgC content.

4.3.3.1  Adaptation to extreme temperatures and high altitude

As minTemp (minimum temperature of the coldest month of the year) is positively
correlated with the maximum temperature of the warmest month (rs = 0.9) and
negatively correlated with elevation (rs < -0.91), the selection signature for these
environmental variables mainly reflects adaptation to extreme temperatures and high
elevation. Therefore, the Low group populations for minTemp (Alfa Midir and Negasi
Amba) live in the coldest environment and the highest altitude. In contrast, the High
group population of minTemp live at the maximum temperature and lower altitude
(Figure 4.1 and Supplementary Table S4.1). The strongest signals for candidate sweep
regions from minTemp analysis were identified in the Low group, suggesting
predominant adaptation to low temperature and high altitude (Figure 4.2a, 4.3a, and
Supplementary Table S4.2a). Ten candidate genes were commonly detected for Fst and
XP-EHH analyses in the minTemp - Low group. Nine are located in the same candidate
region chr5:17250000-17280000 (CLP1, YPEL4, ENSGALG00000007381, UBELS,
TIMM10, RTN4RL2, SLC43A3, PGR2/3, P2RX3), and one additional gene is in a

candidate region on chr18:5100000-5120000 (UTP18) (Table 4.3).

The genes cluster on chr5 (minTemp - Low group) have functions related to various
stress associated with a high-altitude living environment, e.g., hypoxia (Sarkar et al.,

2003), thrombosis (Gambhir et al., 2014), and cold temperature (Table 4.3). For
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instance, CLP1 is linked to cardiac muscle hypertrophy (Espinoza-Derout et al., 2007),
YPEL4 plays a role in pulmonary diseases (Truong et al., 2018), P2RX3 and
ENSGALG00000007381 are involved in blood coagulation (Fabregat et al., 2018), and
SLC43A3 plays a possible role in the repair of the lung tissue under oxidative stress
(Furukawa et al., 2015). Also, RTN4RL2, UBE2L6, and TIMM10 genes have been found
differentially expressed in cells under hypoxic conditions (Lai et al., 2016; Fabregat et
al., 2018; Marchesi et al., 2019). The UTP18 gene, located in chrl8, is differentially
expressed in the human hypoxic cardiomyocytes cell line (Lee et al., 2018), and it is

involved in processing the pre-18S ribosomal RNA (rRNA).

Genes with very high signals, but identified only with one method, were also
investigated. SDK1 (ZFst = 8.16) regulates dendritic spine development and synaptic
connectivity (de Wit & Ghosh, 2016). A region with a high |XP-EHHSstd| signal (4.24)
overlaps with three genes: ARFIP2 with a role in autophagy (Judith et al., 2019), ILK
with a signalling mediator role (Yen et al., 2014), TRIM3 related to tumour growth and
metastasis (Huang et al., 2017) and also identified as a regulator factor of p53 levels (a
protein activated by a wide variety of stress signals, including DNA damage, hypoxia,

and nutritional deprivation) (Liu et al., 2020).

In the minTemp High group, a total of 25 candidate genes were identified. However,
none were simultaneously detected by Fst and XP-EHH analysis. The highest signal
was found for the TOGARAM1 gene (|XP-EHHstd|) = 4.02 (Supplementary Table
S4.2a), which plays a role in the assembly of non-motile cilia (Nachury & Mick, 2019).
Interestingly, heat shock induces the loss of these organelles (Promodou et al., 2012);
thus, this gene might have an adaptive role in easing this effect in high-temperature

conditions.
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Table 4.3 Candidate genes detected by both Fst and XP-EHH in relation to
environmental adaptations.

Environmental

Genomic regions and

Relevant biological functions for candidate genes

Saptati Genes
adaptation position Gene Functions Reference
Linked to cardiovascular (Espinoza-Derout
CLP1 function and cardiac muscle P
h et al., 2007)
ypertrophy
YPEL4 Role in pulmonary diseases (TrugggBe)t al,
ENSGALG Blood coaqulation (Fabregat et al.,
00000007381 J 2018)
Involved in protein (Gambhir et al.,
UBEL6 ubiquitination 2014)
pathway, and downregulated in (Fabregat et al.,
cells exposed to hypoxia 2018)
. It imports transmembrane
Adaptation to chrs L . .
high altitude | Timmig | Proteins into the mitochondrial | i o o1 2016)
Stresses 17230000 inner membrane.
(hypoxia, 17290000 Downregulated in hypoxic cells
thrombosis,
and cold Involved in axon regeneration
tolerance) and protection of motoneurons
against apoptosis. (Marchesi et al.,
Selection in RTN4RL2 Upregulated in the myopathy- 2019)
minTemp affected condition in broiler
Low group possibly in response to hypoxia
Roles in lung tissue repair and (Furukawa et al.,
SLCA3A3 growth under oxidative stress 2015)
PGR2/3 Immune response (Parra et al., 2013)
P2RX3 Blood coagulation (Fabrzegi;)et al.
RNA binding and involved in
pre-18S rRNA processing.
Chr8 It belongs to a gene network (Gambhir et al.,
5100000- UTP18 targeted by microRNAS 2014)
5120000 differentially expressed in (Lee et al., 2018)
human hypoxic cardiomyocytes
cell line
LncRNA with a possible
regulatory role on nearby genes, ,
O(I)E(’)\E)%GOQGIS_ZG(M e.g., the nearest gene is © Dozn(;]le(l)l) etal,
adaptation Chr3 DNA damage repair process
L 71840000- . .
Sep')fgggg'” 73980000 | ENscALG | Y® Sgé'scsfgf:fc‘jé m@s‘;‘f'th & | (Didychuck et al.,
Low group 00000025686 transcriptional modification 2018)
MANEA Associated with panic disorder (Jen;grif)t al,
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e.g., apoptotic process, axon
guidance, brain development,
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(Clifford et al.,

EPHA7 ephrin receptor signalling 2014)
pathway, and nephric duct
morphogenesis
Chr3 Involved in cellular protein (Singh et al
106430000- MSRA modification, protein repair, 29018) B
106510000 response to oxidative stress
ENSGALG LncRNA genes possible have
00000048521 . )
Chr4 Cis-regulatory functions on .
ENSGALG . (Puigserver &
74170000- 00000050078 nearby genes. A nearby target is Spiegelman, 2003)
74300000 | Cyecn o | PPARGCIA, which s involved piegeiman,
00000046053 in many biological functions
Chré .
25040000- SLK Mediates apoptosis (A"Z&‘Zhori‘g; etal,
25070000
Multicellular organism
Chrl development, transcriptional
18110000- BANP pment, P (Dai et al., 2015)
regulation, and regulation of
18130000 ; .
signal transduction
It is involved in many functions,
. e.g., behavioural fear response,
Possible Chr4 X i
adaptationto | 2730000 HTR2C re?‘;.'a“or; of i'?pet“ten (S‘ag‘or;;t al.
water scarcity 2750000 regufation of corticotropin- )
releasing hormone secretion,
Selection in and nervous system processes
precSeasonality Chra LncRNA with possible cis-
High group ENSGALG regulatory functions. The (The Uniprot
74280000- in-codi . ium. 202
74310000 00000051573 | nearest protein-coding gene is | consortium, 2021)
ENSGALG00000040208
Possible LncRNA with possible
. Chr2 regulatory functions. The
adapta“‘?”ftcl’l 114040000- 05(’)\8%%?;8%8 nearest gene, YTHDF3, hasa | (Shi etal., 2017)
Excess rainfa 114080000 role in the positive regulation of
and humidity translation
Selection in Chr7 _ _ _
precSeasonality | 39360000- CACNB4 Calcium transport, ion transport | (Rima et al., 2017)
HBBA Genes involved in heme
HBE binding, oxygen carrier activity,
HBE1 cellular oxidant detoxification, .
Chrl : : o (Hardison, 2012)
. tein hetero-ol tion,
adaptationtoa | 197310000 compound
rich source of ENSGALG P
insect, worm, novel protein-coding
and plant- 00000052767
based food Peptidase activity.
o THSD4 Possible association with feed (YYao et al., 2013)
Sele_ctlon in Chrio efficiency traits
Hsiglt:?;rr?)ﬁp 6820000- miRNA with a possible role in
6870000 | EnsGALG SilencifNaﬁ 4 oost. (The Uniprot
00000053176 encing and pos: consortium, 2021)
transcriptional regulation of
gene expression
Chrl STS Lipid and steroid metabolism (Guo et al., 2020)
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1122777958%%%% PUDP Nucleotide metabolic process (von Z%pleg) etal,
Chrl
Scavenging | 129040000~ | (SMSSELS I Novel protein coding gene
adaptation to a | 129080000
low surplus pf It has a role in transcriptional
crop and grain- regulation as a member of an detal
based food Chr3 SMYD3 RNA polymerase complex and (Bernard et al.,
L 34260000- the cellular response to 2021)
Selection in 34320000 dexamethasone stimulus
LandUse
Low group KIF26B Role in cell signalling (Teng et al., 2018)
Chra It has a strong association with (Williams et al
56140000- NDST4 low abdominal fat content in 2005) N
56170000 chicken
Scavenging
adaptation to
croEi;??O%l;jam- Chr4 Cell division, mitotic
75690000- NCAPG chromosome (Liu et al., 2017)
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4.3.3.2  Adaptation to extreme rainfall patterns

Three out of the six environmental variables are precipitation-related (precSeasonality,
precWQ, and precDQ). A decrease in rainfall may have a major impact on the chicken
physiology due to water availability, which can alter the animal’s general metabolism.
On the other hand, rainfall affects the humidity in the atmosphere, which, combined
with heat, may exacerbate heat stress. Also, extreme rainfall is often associated with the

prevalence of infectious diseases in poultry (Nyoni et al., 2018).

Candidate genes identified by both methods (Fst and XP-EHH) are found in the
precSeasonality Low and High groups and the precDQ Low group. The largest number
of commonly detected candidate genes (n = 10) are from the precDQ Low group, which
supports water scarcity as the main driver of selection in poultry (Nyomi et al., 2018).
Many of these genes are potentially related to regulatory functions (Table 4.3). For
instance, ENSGALG00000036204, ENSGALG00000048521, ENSGALG00000050078,

and ENSGALG00000046053. They are long non-coding RNA genes with possible cis-
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regulatory functions on nearby genes. Also, BANP has known transcriptional regulatory
roles (Puigserver & Spiegelman, 2003; Dai et al., 2015). Other genes are involved in
various stress responses, e.g., SLK mediates apoptosis (Al-Zahrani et al., 2013). MSRA
is involved in protein modification, repair, and response to oxidative stress (Singh et
al., 2018). Another gene, EPHA7, is involved in development and morphogenesis
(Clifford et al., 2014), while MANEA is associated with panic disorder (Jensen et al.,
2014). These gene functions illustrate the impact that stress associated with restricted
access to water has on the overall metabolism and physiological responses of the

chicken.

Genes overlapping with strong signals from a single method (Fst or XP-EHH) were also
explored. AGTR1 (JXP-EHHSstd| = 7.9) plays an important role in regulating blood
pressure and sodium retention by the kidney (Kim et al., 2015). Two other genes,
TMEEM206 and AFT3 were detected from a single candidate region with | XP-EHHstd|
= 10.9. TMEM206 controls the pH balance in the body (Ullrich et al., 2019), while

AFT3 is a stress-response transcription factor (Zhang et al., 2016b).

Both Fst and XP-EHH detected four genes for the precSeasonality environmental
variable - two in the Low group and two in the High group. The precSeasonality High
groups most likely represent an adaptation to water scarcity due to large seasonal
variations in rainfall. In this group, HTR2C has been linked to many functions,
including behavioural fear response and appetite regulation (Stamm et al., 2018), and
ENSGALG00000051573 has possible regulatory roles on gene expression (The UniProt

Consortium, 2021).

At the other extreme, the precSeasonality Low group includes populations living in

agro-ecologies with low variation in rainfall patterns. It is not evident with what type of

94



Chapter Four

stress response these genes are implicated. However, these genes may be associated
with the adaptation to an environment with great ambient humidity. Environmental data
from analysed populations shows that the relative humidity in the precSeasonality Low
group (59 - 109%) is usually higher in the wettest and driest quarters of the year than in
the High group (57 - 71%) (Supplementary Figure S4.4). From the precSeasonality Low
group, two common genes were detected: CACNB4, which has an important role in ion
transport (Rima et al., 2017), and ENSGALG00000053888, which is a IncRNA-gene
with possible cis-regulatory function on the nearby genes (Shi et al., 2017).

4.3.3.3  Adaptation to scavenging production systems: using SoilOrgC as a

proxy for food availability

The Soil organic carbon content, linked to the organic matter in the soil, is an important
biochemical parameter for agriculture (Griffin et al., 2013). A high SoilOrgC reflects
the presence of organic compounds and microorganisms like insects and worms that
represent an important protein source for the scavenging chicken. So it may be expected
that candidate sweep regions identified in the SoilOrgC High group are related to
adaptation to a diet rich in organic compounds. Two candidate sweep regions on chrl
and chrl10 were detected by both Fst and XP-EHH analyses (Table 4.3). Interestingly,
the chrl region overlaps three heme-binding genes (HBBA, HBE, and HBBR) related to
O> carrier activity, and HBE1 with a role in response to organic cyclic compounds
(Hardison, 2012). Studies in broiler chicken with severe myopathic breast muscle have
shown overexpression of these genes in the muscle as a possible response to a lack of
oxygen in oxidative stress conditions (Pampouille et al., 2019). A novel protein-coding

gene (ENSGALG00000052767) was also identified for the same region on chrl.

In the second detected region, on chrl0, two genes are present: THSD4 has a peptidase

activity and therefore is directly relevant to feeding metabolism (Yao et al., 2013), while
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the other gene, ENSGALG00000053176 is a miRNA with a regulatory role in gene

expression (The Uniprot consortium, 2021).

A high ZFst signal (but not XP-EHH) was detected from the SoilOrgC - High group in
the region overlapping the DCLK1 (ZFst = 10.36) gene. This gene has a possible role
in the calcium-signalling pathway (Lin et al., 2000). It is also associated with ovarian
follicle weight (Sun et al., 2015). A high | XP-EHHstd| signal (4.03) overlaps GALNT?7,

which is involved in the carbohydrate metabolic process (Bennett et al., 2012).

The SoilOrgC-Low group did not reveal candidate genes identified by both methods.
However, a region located on chr33 (position 6470000-6500000) (Figure 4.2e) shows a
high Fst peak (ZFst = 9 — 12). This sweep overlaps with four genes: DRPA1 with a role
in transcriptional regulation (Luling et al., 2018), RELA involved in different functions
(including cell growth, immunity, and apoptosis) (Msaki et al., 2011), UQCC3
implicated in ATP production (Yang et al., 2020), and KAT5 that acts together with
GSK3 as a regulator of autophagy under starvation conditions (Son et al., 2021)
(Supplementary Table S4.2e).

4.3.3.4  Adaptation to scavenging conditions in relation to land cultivation

pattern

LandUse is another variable strongly linked to food abundance for scavenging chicken,
which receives supplementary feeding from the household. A larger percentage of
cultivated land may represent a higher amount of supplemental feeding. Between
LandUse extreme population groups, a larger proportion of candidate genes was
detected in the LandUse Low group (chickens belonging to these groups live in areas
with a lower proportion of cultivated land). Four different sweep regions and six genes
were identified by Fst and XP-EHH methods in the LandUse Low group: three genes

on chrl, two on chr3, and one on chr4 (Table 4.3). Overlapping the same region on chrl
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(127750000-127980000), we find STS related to lipid metabolism (Guo et al., 2020)
and PUDP involved in the nucleotide metabolic process (von Papen et al., 2013).
Another gene, - ENSGALG00000052489 (a novel protein-coding gene with unknown
function), comes from a different region (chr1:129040000-129080000). Within the
chr3 region, we find SMYD3 with a role in transcriptional regulation (Bernard et al.,
2021) and KIF26B with a role in cell signalling (Teng et al., 2018). The NDST4 gene
overlapping the candidate region on chr4 has been reported to have a strong association

with low levels of abdominal fat content in chicken (Williams et al., 2005) (Table 4.3).

For the LandUse High populations, only a single common candidate gene is detected.
This is NCAPG involved in cell division and chromosome condensation (Liu et al.,

2017).

Large signals for each method (Fst and XP-EHH) of analysis were also investigated.
For the LandUse High group, the PRDMS5 has a ZFst of 8.96, and it is involved in the
regulation and expression of collagen and other connective tissue components (Galli et
al., 2012). A high |XP-EHHstd| signal (4.65) was found overlapping ADIPOR2, a
regulator of glucose and lipid metabolism (Capeau, 2007). For the LandUse-Low
groups, a high signal ZFst = 10.75 overlaps the gene ADCY1, which plays a role in
memory, learning, and circadian rhythm (Hwang et al., 2013) (Supplementary Table

S4.2f).

4.3.3.5  Shared candidate genes across environmental analyses

Across the six environmental parameters, between 150 and 209 candidate genes were
detected (Figure 4.7), giving the total number of 1008 genes from all analyses. Of these,
152 genes (15%) were common to two or more environmental analyses. The range of

shared candidate genes between two environmental variables varied between 0.3% and
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14% (Figure 4.7). The generally low proportion of overlapping genes shows that the
selection of population groups living in the extremes of each environmental variable
(Low and High groups) is a useful tool for capturing specific environmental pressures

in the genome.

minTemp
precDQ
precWQ
precSeason
SoilOrgC
LandUse

minTemp
precDQ
precWQ
precSeason

SoilOrgC

LandUSe 3 18 2 10 3 -

Figure 4.7 Heatmap of shared candidate genes detected across environmental
population groups analysed.

4.4 Discussion

Insights of local adaptation are crucial to identify genetic mechanisms that can facilitate
livestock environmental resilience. Local adaptation can shape the within-species
diversity and create an adaptive divergence in response to extreme agro-climatic
variables (Tiffin & Ross-Ibarra, 2014). However, exploring the genetic basis of
environmental adaptation is difficult due to the complex interaction between
environmental stressors affecting the genome. Thus environmental adaptation is not
easy to measure; this is especially true for tropical and subtropical climates with

intricate weather patterns (Scholtz et al., 2010).

Different factors have been identified as stressors for livestock animals’ survival and

productivity, including geographical location and origin, nutrient availability, water
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availability, photoperiod, management practices, and environmental conditions
(Khalifa, 2003; Sejian, 2012). Measuring the adaptation effects to these factors
represents a challenge, especially in indigenous populations without specific
management systems and living in a broad range of agro-ecologies. Consequently, this
study contributes to overcoming this challenge by using an interdisciplinary approach
to address this issue. First, this study disentangles and pinpoints the key environmental
factors (from a large array of parameters) acting as stressors in particular agro-ecologies

and then identifies the candidate genes using complementary genomic approaches.

The results presented here reveal strong signals of adaptation for (i) high altitude with
physiological effects as hypoxia and thrombosis, (ii) lack of water during the driest

seasons, and (iii) food availability, abundance, and quality.

Perhaps not surprisingly, we did not identify many strong candidate signatures of
selection linked to heat tolerance. It is possibly due to the origin and history of African
indigenous chickens, whose ancestors were native inhabitants of tropical South and
South-East Asia and were already adapted to these regions' hot and humid climates (Pitt

et al., 2016).

On the other hand, strong candidates were detected in relation to high altitude and low-
temperature adaptation, possibly because when chickens were first introduced from
Asia to Africa, the high Ethiopian altitude posed major stress for this newly introduced
species, and therefore rapid adaptive evolution was needed to survive in these new

environments.

Interestingly, in relation to adaptation to high altitude, no common genes were found
between our study and Zhang et al. (2016a) and Zhang et al. (2016b) studies, which

investigated the mechanism of adaptation of Tibetan chickens to their environment.
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However, none of their candidates were identified in the present study, although they
show similar biological functions. This result may be attributed to different aspects.
First, rapid adaptation often works on the “standing variations” in a population (Rees et
al., 2020). The different demographic histories of the African and Tibetan chickens
may have offered distinct standing variations for natural selection. Thus, even though
the adaptive responses were similar in both instances, the associated genes were distinct.
Besides, epistatic interactions and pleiotropic effects of genes may favour the selection
of one gene over another in different geographic areas (Ostman et al., 2012). These
results exemplify the plasticity of the genome in its response to environmental selection

pressures.

Among the identified candidate genes, we found several instances of shared genes for
two or more environmental analyses, although these were detected in different
populations. It may be expected that adaptation to these distinct environmental
challenges would involve, to some extent, the same biological pathways. Pleiotropic
effects might also explain this phenomenon in which one particular gene can impact the
expression of other multiple ones even though they are not directly trait related.
Furthermore, geographic origins and biotic interaction with abiotic factors affect

responses to the same environmental conditions for different populations or species.

In the long term, environmental adaptation studies on livestock species should aim to
identify genomic regions that permit sustainable agro-systems development, producing
well-adapted individuals with high production performance. For the Ethiopian
indigenous chicken, achieving this goal should involve the sustainable breeding of birds
that are already environmentally adapted. Accordingly, the genome regions and genes

reported here might be used for animal improvement, not only for backyard scavenging
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chicken but also for exotic breeds to be introduced in African tropical conditions

through markers-assisted selection and breeding improvement strategies.

Our study identified many candidate sweep regions, some with strong signals of
selection and overlapping genes were considered as candidates. Obviously because of
small sample size, we had to use a window-based approach to identify the sweep regions
which did not allow to get very high resolution. This suggest that further validations of
these regions would be requires. Such validations can include comparisons with other
populations or similar species living in similar environments and also gene expression

analyses.

4.5 Conclusion

Our study illustrates the importance of understanding the environmental drivers of
selection before investigating genome responses to these environmental stressors. It
also exemplifies the use of ENM as a predictive tool to characterise the environment for
integration in genomic studies. The genomic data, along with key agro-climatic
variables, represent a powerful approach for genome-environmental association
analysis aiming to identify candidate signatures of positive selection (selective sweep)
and their association with particular agro-climatic variables. Therefore, a powerful tool
integrating ecological and genomic approaches can generate more accurate data to
improve and sustainable use of Ethiopian indigenous chicken. This approach can be

easily applied to any other livestock species.
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Chapter 5

Dissecting genome-environment associations in Ethiopian
chicken ecotypes
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Abstract

Indigenous chickens across Ethiopia are a good example of small populations adapted
to diverse and local environmental conditions. Our previous results (Chapter 3) have
shown the usefulness of the Ecological Niche Modelling (ENM) approach for the
environmental characterisation of poultry population agro-ecologies and for defining
ecotypes based on niche similarity. In this chapter, we will now aim to dissect ecotypes’
genome-environmental association. Candidate selection signature regions within-
ecotype were first identified using Hp and iHS analysis. A multivariate Redundancy
Analysis (RDA) was then used to identify genome-environment associations between
genetic variants, overlapping the Hp and iHS candidate sweep regions and agro-climatic
stressors. Sweep regions detected by Hp analysis include genomic regions selected
following domestication and candidates for immune response-related stress, thermo-
tolerance, and food intake stress. iHS sweep analysis uncovered genes related to
pigmentation, dwarfism, heat stress, water scarcity, and disease resistance. Several of
these candidate-selective sweeps were detected in several ecotypes. While the selection
signature analyses identify broad candidate regions under selection, the RDA analysis
identifies SNPs associated with a specific environmental stressor. A total of 616 outlier
SNPs were identified from RDA analysis. These SNPs overlap with genes relevant to
different environmental adaptations, such as heat stress and/or water availability
(LDLRADZ3, TNIP2, GPX7, PTPRZ1), as well as muscle growth, body weight and feed

metabolism (GPCPD1, NHLRC2 TSHD7B), and immune response (MAPK4).
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5.1 Introduction

As described in Chapter 3, Ethiopian indigenous village chicken populations are
exposed to diverse ecological conditions. Following an Ecological Niche Modelling
(ENM) analysis, key environmental stressors across the Ethiopian landscape were
identified, and 12 distinct ecotypes were defined. These proposed ecotypes provide an
exciting new platform for exploring environmental adaptation and their genetic basis.
This chapter now focuses on dissecting the genetic basis of environmental adaptation

in these newly proposed ecotypes.

Various approaches that detect genomic regions under selection have investigated local
environmental adaptation (de Simoni et al., 2014). Different factors can influence
selection signatures, such as the type of selection, the strength of selection, and the
recombination rate (Charlesworth, 2007). Moreover, the selection may have fixed a
region or might be an ongoing process so that the regions are yet to reach fixation.
Hence, the study in this chapter applies two complementary methods (viz. Hp and iHS)
to capture both types of sweeps — those that have reached fixation (Hp) and those yet to
reach fixation (iHS). The Hp method (Rubin et al., 2010) is a site frequency spectrum-
based approach used to find sweep regions showing reduced heterozygosity, which have
reached either fixation or are close to fixation. In contrast, the iHS (Voight et al., 2006)
applies an LD-based approach. It measures the amount of extended haplotype
homozygosity (EHH) at a given SNP location around the ancestral allele relative to the
derived allele. This method only detects ongoing selection, i.e., regions yet to reach

fixation.

Regarding the time scale, there is not straight forward distinction that Hp will detect
older sweeps whereas iHS will detect newer ones (although that is possible). For

instance, Hp can also detect strong recent sweep which have gone to fixation very
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quickly. Similarly iHS can also detect slowly applying selection (i.e. weak selection)
which is occurring since long time. Thus, considering that chickens in Ethiopia may
have been introduced around 820 — 595 BC (Woldekiros & D’andrea, 2016), and they
environment is ever changing, these two methods are complementary to understand the

selection pressure effect.

The interest in investigating gene-environment association using large datasets of both
environment and genetic parameters has led to a new field called landscape genetics,
which combines landscape ecology and population genetics/population genomics
(Manel et al., 2003). Landscape genetics offers several methods for dissecting
genotype-environment association (GEA) (Rellstab et al.,, 2015), identifying
correlations between genetic loci and environmental data as a proxy to local adaptation

(Forester et al., 2016).

Most of the early GEA methods are based on univariate statistical analysis testing one
locus and one environmental predictor at a time. It includes linear models (Joost et al.,
2007; Stucki et al., 2016) and linear mixed models (Coop et al., 2010; Frichot et al.,
2013). A disadvantage of these methods is the elevated false-positive rates due to the
lack of correction for multiple comparisons (Forester et al., 2016). As large genomic
data sets have increased recently, more robust methods that permit analysing
simultaneously numerous loci have been developed. Multivariate methods have now
been identified as more effective in detecting environmental association with multiple

loci (Rellstab et al., 2015).

A broad range of multivariate landscape genetic methods have been developed (Frichot
et al., 2013; Bouret et al., 2014; Forester et al., 2016; Stucki et al., 2016). In this study,
distance-based redundancy analysis (RDA) was applied (Forester et al., 2016). The

method is considered a PCA constrained approach that models covarying groups of
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SNPs as a response to environmental variables. Based on a locus score, outliers for each
constrained axis are identified (Forester et al.,, 2016). RDA method offers many
advantages, such as: (i) it can detect moderate and weakly selected loci, (ii) it offers fast
and easy computational application over a large genetic dataset, and (iii) the method is
generally robust to weak population structure (Forester et al., 2017). Nevertheless, a
strong population structure can result in power decrement in detecting and increasing
false positives (Forester et al., 2017). Hence, correction for population structure is

needed in such scenarios.

The analysis presented in this chapter has two main objectives. (1) To detect signatures
of positive selection within the proposed Ethiopian chicken ecotypes (applying Hp and
iIHS methods), and (2) to identify genotype — environmental associations (using RDA)
between loci under selection and key agro-climatic predictors of Ethiopian chicken
habitats (previously identified by the ENM approach). This study uses knowledge of
ecotypes and landscape configuration of Ethiopian village chickens and provides
important evidence regarding the genetic mechanisms of local adaptation. The results
presented here will be valuable for sustainable farming and conservation programs
oriented to smallholder farmers who depend on locally adapted ecosystem-based

production.

5.2 Materials and Methods

5.2.1 Genomic data on Ethiopian chicken ecotypes

Sequence data from 243 samples from 25 different chicken populations have been
described in detail in Chapter 2. Based on the 12 ecotypes defined in Chapter 3, the

genetic variant data were combined for all populations constituting each ecotype.
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Though, PCA in chapter 2 showed a weak population structure in the studied samples,
this ecotype configuration may contribute to reducing the effect of population structure
while downgrading any false positive in selection signature analysis. This is because
combining populations to create ecotypes should create heterogeneity in the overall
genome except in regions that are under selection, thereby improving the signal strength
form adaptive regions. The ecotype details are given in Table 5.1. The number of
samples per ecotype varied (10 — 43). In order to keep a similar number of samples per
ecotype, we could have subsample larger ecotypes. However, this was not applied, since
we could not create major gain for bigger ecotypes in the analysis and also, no

improvement for smaller ecotypes.

Table 5.1 Details about proposed ecotypes as defined in Chapter 3.

Ecotype Populations No. of samples No. of SNPs
El AmeshaShinkuri, Gafera, Surta, Batambie 37 13,079,450
E2 Ashuda, Dikuli 20 12,242,188
E3 BekeleGirissa, ShubiGemo 20 12,508,181
E4 Adane, LocalHorro 16 12,221,917
E5 Loya, Kumato 20 12,555,563
E6 Mihquan, HadushAdi, Hugub, Jarso 43 13,273,352
E7 NegasiAmba, AlfaMidir 20 11,789,998
ES8 Gesses, Kido 18 11,743,436
E9 Meseret, Gijet 19 12,426,154
E10 Metkilimat 10 11,295,871
E1l Arabo 10 10,958,190
E12 TzionTeguaz 10 10,954,331

5.2.2 Selection signature analyses

Putative selective sweeps were detected within individual ecotypes using two
complementary methods. First, the pooled heterozygosity (Hp) approach was conducted
following the procedure described in Rubin et al. (2010). The values for the Hp were
calculated for overlapping 20-kb windows with a 10-kb sliding step using equation
(5.2):

. ZZnMA]ZnMIN

(5.1) Hp =
P (Enya ]nMIN)2
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Where Xny,; and Xny,,y are the sums of major and minor allele frequencies for all the
SNPs in the 20 kb windows. Afterwards, values calculated for each window were
standardised to obtain “Z” scores (ZHp). Values were Z-transformed using equation
(5.2):

Hp — X(Hp)

(52)  Z(Hp) = & (Hp)

Where X is the mean and o the standard deviation of the Hp. Windows with only SNPs
> 10, empirical P-value <0.01, and ZHp < - 4.0 were considered outliers and potential

sweeps.

The second applied method was the integrated haplotype score (iHS). It is computed
based on estimating extended haplotype homozygosity (EHH) in each bi-allelic SNP,
which are ancestral or derived. The sum of EHH calculated in both directions from the
core SNP is referred to as integrated EHH. It is referred to as iHH" for the ancestral
allele, iHHP for the derived allele, and iES for the SNP site (Gouveia et al., 2014). The
iHS calculation is based on the extent of decay of linkage disequilibrium surrounding a
marker exposed to natural selection, described as a within-population score as the ratio

between iIHHA and iHHD (Voight et al., 2006). It was calculated using equation (5.3):

iHHA
(53) uniHSy = In (—(DS))
lHH(S)

Where uniHS represents the un-standardized log-ratio of ancestral iHH” to derived
iHHP of a certain focal marker (s), afterward, a standardization was performed applying

equation (5.4):

unilS) — mean(uniHS|, )
sd(uniHS|,,)
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Where mean(uniHS|, ) and sd(uniHS|, ) represent the mean and standard

deviation of uniHS restricted to those variants with a similar derived allele frequency

as observed at the focal marker (ps).

In practice, iHS scores were calculated for individual SNPs using the Hapbin package
(Maclean et al., 2015), and then means were taken from multiple SNPs within sliding
windows (20 Kb size and 10 kb step). All SNPs with missing genotypes were removed
from the analysis. This approach requires phasing of the SNP data, which was
performed using Beagle v5.1 (Browning & Browning, 2007). The iHS values for
individual SNPs were calculated using a minor allele frequency of 10% and an Extended
Haplotype Homozygosity (EHH) value equal to 0.1. Consecutively, mean values were
calculated within windows for (i) standardized iHS (iHS_std) and (ii) absolute value of
standardized iHS (|iHS_std|). Based on |iHS std|, the proportion of SNPs within a
window showing [iIHS_std| > 2.0 was calculated. Empirical P-values were calculated
based on the mean of |iHS_std| within windows by sorting the scores in descending
order (i.e. by ranking the windows) and dividing their ranks by the total number of
analysed windows. Criteria to select outlier windows were SNPs > 10, empirical P-
value < 0.01, window mean of [IHS_std| > 2.0, and a minimum of 90% of SNPs with

[IHS_std| > 2.0 in the window.

Finally, sweep regions showing more extreme signals (either ZHp < -5 or iHS > 3.5)
were investigated more closely for overlapping genes as they potentially represent the

most important candidates.

5.2.3 Redundancy analysis (RDA)
RDA analysis was performed based on SNPs overlapping sweep regions detected in the

above analyses. As RDA can not deal with large genotype data (scale of millions) (Csala
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et al., 2017), a reduction of our variant dataset was performed by LD pruning using
PLINK v1.9 (Purcell et al., 2007), with the following parameters: --indep-pairwise,

window-size = 10 kb, step-size = 10 SNPs, and r?> = 0.5.

RDA was performed using the R package Vegan v2.5-4 (Oksanen, 2015) following
(Forester, 2019). LD-pruned SNP genotype data were fitted as response variables (Y).
The six environmental variables (Chapter 3) - key predictors of Ethiopian chicken agro-
ecologies - were the explanatory variables (x) in the RDA analysis. These
environmental variables are the minimum temperature of the coldest month (minTemp),
precipitation seasonality (precSeasonality), precipitation of wettest quarter (precWQ),
precipitation of driest quarter (precDQ), soil organic carbon (SoilOrgC), and land use

(LandUse).

SNP genotypes were converted as a dosage of alternative alleles (i.e. 0, 1, and 2) to be
fitted as the response (y) variable. In addition, the RDA model was conditioned on
latitude and longitude to correct for spatial autocorrelation and neutral genetic structure
due to the geographic proximity of the populations. Moreover, ancestry coefficients (for
K = 3) from previous admixture analysis (Chapter 2) were also included in the model
as covariates to be partially out to correct for possible population structure from

different ancestral backgrounds.

The significance of the partial model was estimated with 999 permutations and for each
axis with 99 permutations. A two-tail SNP loading distribution was used to determine
outliers or candidates for local adaptation with a cut-off value of SD >= 3 (P-value =

0.0005) for each significant axis.

110



Chapter Five

5.2.4 Functional annotation

Candidate regions/variants from selection signature and RDA analyses were
investigated with the Ensembl genome browser (release 98) using the Ensembl Variant
Effect Predictor (VEP) platform (McLaren et al., 2016) for genes annotation. In
addition, molecular functions, biological process, and metabolic pathways were also
analysed for the candidate genes using the PANTHER Classification System v.14.0
(Huaiyu et al., 2019) and the Kyoto Encyclopaedia of Genes and Genomes (KEEG)

(KOBAS version 3.0, Release 97.0) (Kenehisa & Goto, 2000).

5.3 Results

One of the main goals of defining ENM-informed ecotypes in our study is to use these
for dissecting the genetic basis of environmental adaptations. Accordingly, selection
signature analyses (Hp and iHS) were first run within each of the defined ecotypes to
identify putative sweep regions under positive selection. Then, the SNPs from the
putative sweep regions were used to investigate linear association between genotype

and environmental parameters using the RDA approach.

The results are structured in the following subsections. First, the summary results from
Hp and iHS analyses are presented to provide a comparative overview. Then, genes
overlapping the strongest candidate regions from different ecotypes are discussed
separately for the Hp and iHS analyses, followed by a section on shared sweeps regions
detected by both methods. In the final subsection, results from the RDA analysis are

presented.

5.3.1 Summary results from selection signature analyses
For each of the 12 ecotypes, signatures of positive selection were calculated for Hp and

for iHS, analysing between 92,364 and 93,313 windows across the genome (Table 5.2).
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Supplementary Figures S5.1a and S5.1b show the observed distributions of Hp and iHS

values for each ecotype analysis.

The genome-wide mean values of Hp were similar across all the ecotypes, ranging from
0.29 £ 0.06 for E7 and 0.33 £ 0.05 for E10. However, the number of candidate windows
(with P-value < 0.01, ZHp < -4) varied widely, from only seven candidate windows for
E7 to 279 candidate windows for E10. Adjacent or overlapping candidate windows were
merged to define the sweep regions. This resulted in 2 to 67 unique sweep regions in

individual ecotypes and a total of 320 regions for all combined ecotypes (Table 5.2).
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Table 5.2 Genome-wide pool heterozygosity (Hp) and integrated haplotype score (iHS) for the 12 proposed chicken ecotypes in Ethiopia.

Pool heterozygosity (Hp) statistics Integrated haplotype score (iHS) statistics No. of
No. of N_o. of candidate o. of N(_). of candi_date o. of Common
Ecotype samples N0 of  \reanssp Window (unique sweep No.of .\, op Window (unigue sweep Z(Hp) and
windows ecotype specific regions windows ecotype specific regions |_|HS|
windows) windows) window

El 37 93031  0.30+0.04 108 (14) 29 92654 0.813+0.36 176 (67) 41 0
E2 20 93224  0.31+0.05 115 (22) 35 92928 0.797 £ 0.40 234 (161) 53 4
E3 20 93191  0.32+0.04 250 (59) 56 92911 0.804 +0.38 112 (56) 32 8
E4 16 93042  0.31+0.05 127 (9) 33 92627 0.809 + 0.39 87 (54) 29 0
E5 20 93258  0.31+0.04 146 (30) 29 92918 0.816 + 0.40 389 (178) 74 7
E6 43 92687  0.30+0.04 167 (38) 45 92364 0.811+0.33 43 (35) 23 9
E7 20 93200  0.29 +£0.06 7(0) 2 92740 0.788+0.39 181 (130) 44 0
ES 18 93175  0.30+0.05 64 (8) 10 92713 0.808 £ 0.41 243 (144) 56 1
E9 19 93277  0.32x0.04 267 (70) 58 92935 0.818+0.41 312 (263) 80 12
E10 10 93313  0.33+0.05 279 (65) 67 93090 0.815+0.40 81 (44) 22 0
E11 10 93261  0.31+0.06 59 (20) 18 92971 0.752 £ 0.50 559 (435) 180 0
E12 10 03266  0.32 +0.05 141 (38) 34 93009 0.791 £ 0.43 154 (102) 46 Q

* Candidate (sweep) regions were determined after merging overlapping or adjacent windows.
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Similar to ZHp analysis, the genome-wide mean values of iHS were close across all
twelve ecotypes (ranging between 0.75 = 0.5 for E11 and 0.81 + 0.4 for E9). Still, the
number of candidate sweep windows (|iHS| > 2.0, P-value < 0.01) showed great
variation between ecotypes (Table 5.2). The lowest number of candidate windows were
recorded for E10 (n = 36) and E6 (n = 48), and the highest in E11 (n = 559). Merging
the overlapping candidate iHS windows within ecotypes resulted in 22 to 180 sweep
regions (Table 5.2). E6, with the highest number of samples analysed, has the lowest
numbers of candidate regions across the chicken genome (n = 48). On the other hand,
E11 showed the highest number of candidate regions (n = 180), with the remaining

ecotypes with 22 — 80 sweep regions.

The representation of candidate sweep regions across the chromosomes was further
explored (Figure 5.1 and 5.2). Hp sweeps are distributed across most of the autosomes
on the chicken genome except chromosomes 13, 16, 17, 21, 25, and 28, from which no
candidate sweeps were detected (Figure 5.1). In contrast, iHS sweeps were found across
all autosomes (Figure 5.2). In addition, the concentration of sweeps from individual

ecotypes varied greatly among chromosomes (Supplementary Table S5.1 and 5S.2).

One chromosome show candidate ZHp sweeps from a single ecotype, viz. chr32 for E1,
and only chr5 present sweeps from all the 12 ecotypes. Six chromosomes (chr13, 16,
17, 21, 25, and 28) do not have any ZHp candidate sweep (Figure 5.1 and
Supplementary Table S5.1). Also, five chromosomes show candidate iHS sweeps from
a single ecotype, viz. chrl5 and chr32 have sweeps only from E9, chr22 from E12,
chr24 from E5, and chr31 in E2. However, other chromosomes have sweeps from
multiple ecotypes. For example, chromosomes 1 and 2 show sweeps from all 12
ecotypes, and chr5 reveals sweeps from 11 different ecotypes (Figure 5.2 and

Supplementary Table S5.2).
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Among all the candidate Hp sweep regions, 47 regions (15%) were detected in at least
two ecotypes (Supplementary Table S5.3). E6 has the highest number of shared sweeps
with other ecotypes (n = 19), representing 42% of the total sweeps for this ecotype. In

contrast, E7 shows only two shared sweep regions.
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Figure 5.1 Chromosome-wise percentage distribution of Hp sweeps within
chromosomes by ecotype
(*number in bars represents sweeps count per ecotype).
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Figure 5.2 Chromosome-wise percentage of iHS sweeps within chromosomes by

ecotype.
(*number in bars represents sweeps count per ecotype).
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A few Hp sweep regions were detected across the majority of the ecotypes. For
example, one candidate sweep located at chr5: 22,750,000 — 22,800,000 in chromosome
5 (position 22750000 — 2280000) was detected in all ecotypes except E12 (ZHp ranges
-4.035 to -4.886). (Supplementary Table S5.3). This 50 kb sweep region overlaps with
a LncRNA gene (ENSGALG00000052351), with a possible regulatory effect on nearby
genes. The closest protein-coding gene to this is FUT8 (24.14 kb forward), a well-
conserved region gene across different vertebrate species involved in the protein

glycosylation pathway (Coullin et al., 2002).

Candidate sweeps overlapping TSHR loci were identified in all the ecotypes. Regions
(Chr5: 41000000_41030000 - (30 Kb), overlapping with - TSHR locus gene) were
detected in E1, E2, E3, E7, E9, and E11, while the region (chr5: 40990000 41040000
- (50 kb), overlapping with - TSHR and GTF2A1 loci) was detected in E4, E5, E6, E10,
and E12. These two regions also represented the lowest ZHp values for six different
ecotypes (E1, E2, E3, E5, E6, and E7), with scores ranging from -4.268 to -6.04
(Supplementary Table S5.3). A number of previous studies have also reported sweep
regions harbouring TSHR and GTFA21 genes from different chicken breeds, which are
suspected of having played an important role in the early improvement of chickens

(Rubin et al., 2010; Gheyas et al., 2015; Lawal et al., 2018).

Twenty iHS sweep regions (2.9%) were detected in at least two ecotypes
(Supplementary Table S5.4), but unlike the Hp results (Supplementary Table S5.3),
none of the IHS sweeps was identified across all or most of the ecotypes. E8 and E9
had the highest shared sweeps with other ecotypes (3 out of 6). Ecotype 6 did not share

any iHS sweep with other ecotypes.

The sweep regions show large size variations, ranging from 20 kb -150 kb for Hp and
20 kb - 360 kb for iHS (Figure 5.3). The largest Hp sweeps (150 kb, spanning across 12
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windows) were identified in E5 (chr2:147010000-147160000; ZHp: -4.39 + 0.31) and
E9 (chr2: 147050000- 147200000; ZHp: -4.41 + 0.27) (Suppl. Tables S5.5.5 & S5.5.9,
Figures 5.4e & 5.4i). These 150 kb sweep regions (in E5 and E9) are partly overlapping.
The region harbours the TSNAREL gene. Sweep regions (of variable size) intersecting

with TSNARE1 have been detected from most ecotypes, except E7, E8, and E11.
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Figure 5.3 Size variation (kb) of detected Hp and iHS sweep regions.

Nine other Hp candidate regions have fragment sizes > 100 kb. Some of these regions
detected from different ecotypes were partly overlapping. Beside the region on chr2
presented before, these include a region on chr9 with a 100 kb region in E6 (chr9:
10,360,000-10,460,000) and a 130 kb region in E12 (chr9:10,330,000-10,460,000).
Several genes are found within the overlapping region: ZBTB38 with a role in DNA
replication (Miotto et al., 2014), RASA2 a GTPase activator gene (Li et al., 1996), RNF7
involved in lipid metabolism (Huang et al., 2011), GRK7 related with photoresponse
(Lamb et al., 2018), and ATP1B3 (See the sub-tables under the Supplementary Table

S5.5 for respective ecotypes).
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Forty-two iHS regions (6% of the 657 sweep regions detected) were larger than 100Kb.
The largest-sized candidate sweep region is 360 kb (chrl:74330000-74690000) in
length. It is found in E9 (iHS = 2.58 £ 0.12). Two genes, ANO2 and VWF, involved in
calcium transport and homeostasis (Stephan et al., 2009; Xu et al., 2012), are found
within this region (Supplementary Table S5.6.9 and Figure 5.5i). Two regions have
lengths > 200 kb. A sweep of 270 kb identified in E2 (iHS = 2.38 + 0.12, chr2:9240000
—9510000), which overlaps with the STRBP gene involved in spermatogenesis (Meng
et al., 2018), and DENND1A with a mediated endocytosis role (Gammoh et al., 2015)
(Supplementary Table S5.6.2 and Figure 5.5b). Another sweep of 230 kb detected in E7
(IHS = 2.55 + 0.22, chr26:90000 — 320000 bp) includes eleven different genes with
multiple functions. The CLPS related to lipid metabolism (Pernes et al., 2019), LHFPL5
involved in hair morphogenesis in mice (Mahendrasingam et al., 2017), SRPK1, which
regulates alternative splicing (Zhong et al.,2009), SLC26A8 ion transporter (Dirami et
al., 2013), MAPK14 and MAPK13 involved in cellular proliferation (Lee et al., 2015),
RPF3 with hydrolase activity, TBC1D22B with GTPase activity (Fukuda, 2011), PIM1
related with blood cell proliferation (Magnuson et al., 2010), CACNALS with a roll in
ion channel activity and hyperthermia (Carpenter et al., 2009), and KIF21B involved
with microtubule dynamics (Muhia et al., 2016) (Supplementary Table S5.6.7 and

Figure 5.50).
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Figure 5.4 Candidate standardized pool heterozygosity (ZHp) signatures of positive
selection in Ethiopian chicken ecotypes.
The X-axis represents the genomic positions within 20 kb windows along the genome.
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Figure 5.5 Candidate integrated haplotype score (iHS) signatures of positive selection
in Ethiopian chicken ecotypes using the integrated haplotype score iHS.
The X-axis represents the genomic positions within 20 kb windows along the genome.

Even though, the methods used in this chapter 5 and chapter 4 are based on different

statistical assumptions, it is interesting to identify which of the detected sweep regions
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overlap. Such information can be useful as a way of validation of the signals, especially
if they are coming from population or ecotypes with similar environmental variables.
When the selective regions (SRs) identified by iHS and Hp analyses are compared with
SRs identified in chapter 4 (Fst and XP-EHH analyses) a total of 162 regions

representing all 12 ecotypes overlapped (Supplementary Table S5.7).

5.3.2 Important sweep regions and genes detected in Hp analysis

From each ecotype, genes overlapping the extreme signals (sweeps with ZHp <-5) were
further investigated for their function and potential relation to agro-climatic variables
(Table 5.3). These include 16 genes distributed across 13 candidate sweeps in nine
different ecotypes. For three ecotypes (E7, E8, and E11), no windows passed the
threshold of ZHp < -5 (Figure 5.6). For these, the candidate region with the lowest

significant ZHp threshold (-4) was checked for overlapping genes (Table 5.3).
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Figure 5.6 ZHp values for candidate genome regions in each ecotype.

Genome regions showing sweeps with signals over a threshold ZHp <-5 (blue line) were further
investigated. (See Supplementary Table S5.5 — sub-tables 1 to 12).
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Table 5.3 Genes overlapping sweep regions with ZHp value < -5 or the strongest

signalling ZHp sweep in each ecotype.

GENE Gene fu_nc_tlon / Reference chr_start_stop kb UZHF; Eco®
association +s.d.
It is a dopamine receptor
gene with an important role  Lietal., 1 83730000 i
DRD3 in aggressive chicken 2016 83750000 20 5.01 E3
behaviour.
Involved in neuron Gaudet et 11124000000
EFHC2 development al., 2011 112430000 30 -465 E8
Interleukin protein.
Informative SNPs have .
. Kaiser et 1 135140000
ILIRL2 been found for immune al., 2008 " 135160000 20 -5.05 E12
response and disease
resistance.
Protein coding gene. A
HHLAL candidate gene for ;(I)hr;sbolnSet
feralisation in the chicken N
Calcium ion-binding and
phospholipase activity. 211‘114113(7)8880 30 05'119 * E5
0C90 Gene associated with Shilin et - '
convergent adaptation to al., 2020
the tropical desert climate
in birds.
Neurobehavioural gene.
Shows parallel fixation in
different commercial traits, Qanbariet 2147130000 -5.03
TSNAREL suggestive of selection al., 2015 147180000 50 0.6 E12
during pre-improvement
ages.
ENSGALG 382190000
00000053847 LncRNA 82220000 30 -4.87 El1
Novel susceptibility gene. It
is associated with BMI and
fasting glucose level. Itis ~ Shan-Shan 320100000 i
ESRRG located within a QTL etal., 2016 20120000 20 5.07 E9
region for abdominal fat
weight.
Protein works as a mediator
of signals across the
cellular membrane. Lagerstrom
Selective sweep detected et al., 2006
for Ethiopian and Sri Lawal et 439150000 -5.28
TACRS Lankan chicken. Itwas  al, 2018 39220000 'O 02 E3
identified as a regulator of ~ Topaloglu
gonadotropin-releasing et al., 2009
hormone secretion, which
regulates sexual maturity.
Gene is involved in protein-
protein interaction across
chemical synapses. It Shinetal.,, 548990000 -6.16 £
BEGAIN regulates the development 2010 49080000 %0 0.1 =
and differentiation of
adipose and muscle.
Gene is identified as the Rubin et 5 41000000
TSHR most striking selective al., 2010 41020000 20 557 E9
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sweep found in all domestic  Karlssonet 5 41000000 30 -6.04+ E3
chicken. It regulates al., 2016 _41030000 0.7
photoperiod response and 5 41000000 30 -5.45+ E2
seasonal reproduction. 41030000 0.3
Therefore has been
important for chicken 51‘11(1)288880 30 65'738 * R
domestication. - '
- 5 41000000 -5.33+
A o AL
TR s rord macdidae Lustal 00000 % os - E
gene for egg production. 21040000 50 07 E6
The gene has a significant
polymorphism after heat .
NRXN3 stress when resistant versus ZI-Xuan et 5_40540000 20 -5.107 E9
. al., 2019 40560000
susceptible to heat stress -
chicken are compared.
It is a protein-coding gene
involved in endothelial cell
angiogenesis and increased  Huang et 6_19150000
ARHGAP2Z o oillarity permeability. It~ al., 2011 19170000 20 207 B3
is associated with diabetic
retinopathy risk.
It is a gene with an
important role in chromatin
organisation. The gene Mi et al., 819380000 -5.226
2223 modulates histone 2018 19410000 30 +0.5 E9
acetylation and gene
activation.
(IncRNA) involved in lipid
metabolism. Association ;uazngl(;t
RNF7 found with risk of v
developing liver fibrosis or Kupcinskas
) . etal., 2017
cirrhosis
The gene expresses a
retina-specific kinase
GRK7 . involved inhthte . Llamz%i:3
otoresponse’s shutoff an al.,
gdaptati(fn to changing light 9_10420000 a0 22t gy
e 10460000 0.1
conditions. -
Gene is related to
homeostasis, muscle
contraction, and the Zi-Xuan et
transport of small al., 2019
ATP1B3 molecules. Associated with  Changgeng
heat stress in chickenand et al., 2015
shows low expression under
low-temperature stress.
Control of cellular
proliferation and
differentiation. SNPs
Zhuetal., 910360000 -5.05+
RASA2 surr_ounded_ the gene are 2019 10420000 70 04 E12
associated with lymphocyte -
9H/L ratio, which is a
disease resistance trait.
Cilia motility protein. The
located region is important ~ Zhang et 11 1550000
HYDIN for growth traits (testis al., 2020 1570000 20 535 E9

weight).
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The upregulated gene
participates in activating
and signalling the resistant
pathway. It is associated
with protection against
Salmonella.

Lietal.,
2018

128120000

" 8150000 30
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-5.07 +

04 E12

BCDO2

TEX12

IL18

The gene has an important
role in oxidising
carotenoids during the
biosynthesis of vitamin A.
Yellow skin locus
associated with chicken
domestication.
Encodes the testis-
expressed sequence 12
protein. Gene within the
same linkage (LD)-block as
BCO2.

Itis an interleukin protein
with pro-inflammatory
activity in spleen cells. The
gene can modulate innate
and adaptive immunity, and

Eriksson et
al., 2008

Gazda,
2019

246150000

6180000 30

Fabbi et
al., 2015

-5.02 +

01 E10

its dysregulation can cause
autoimmune or
inflammatory diseases.
Mitochondrial inner
membrane protein. It plays
an important role in the
respiratory chain
transporting electrons.

Hirawake

SDHD etal,, 1999

(a) S.D. values are given when a region has multiple overlapping windows.
(b) Eco: ecotype.

Interesting associations and functions related to immune response, temperature stress,
food intake, improvement, and gene regulation were found for the genes overlapping
sweeps with extreme Hp signals (Table 5.3). A well-known human selected gene is
BCDO2, responsible for the yellow skin trait in chickens (Eriksson et al., 2008). It was
detected in ecotypes E10 (ZHp = -5.02). Three more genes overlap the BCDO2 sweep
region. These are the TEX12 gene expressed in testis (Gazda, 2019), I1L18, which
modulates the innate and adaptive immunity (Fabbi et al., 2015), and SDHD with an
important role in the mitochondrial respiratory chain (Hirawake, 1999). Studies of
carotenoid ornamentation in canaries (Gazda, 2019) found a strong linkage and a

consistent parallel expression of these four genes (BCDO2, TEX12, 1L18, and SDHD).
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GRK7 gene is involved in the adaptation to changing light conditions (Lamb et al.,
2018). Although this gene overlapped a strong signalling sweep only in E4 (ZHp = -
5.22), it is also detected in E1, E4, E6, and E12 ecotypes. Another interesting gene is
TACRS. It produces a gonadotropin hormone regulating sexual maturity (Lagerstrom et
al., 2006; Topaloglu et al., 2009). Although TACR3 shows its highest signals for E3
(ZHp =-5.28), it is also detected in candidate regions for E1, E5, E6, E8, and E12 (ZHp

<-4),

Likewise, a neurobehaviourally relevant gene TSNARE1 shows a high signal in E12
(ZHp =-5.02), and candidate regions harbouring the gene were also identified in E1, 2,
3,4,5,6,9, and 10. TSNARE1 gene shows parallel fixation in different commercial
lines (Qanbari et al., 2015). A very interesting gene overlapping a high signal sweep in
E5 (ZHp = -5.19) is HHLAL, identified as a candidate for the feralisation of Kauai
Island’s chicken population (Johnson et al., 2015). This trait may be of great interest

due to the scavenging nature and upbringing of the indigenous village chicken.

Three different genes related to immune response were identified. First, the ILIRL2
gene (detected in E5 with ZHp =5.05) was previously reported as a candidate gene for
immune response and disease resistance in brown leghorn, Rhode Island red, and
Wellcome inbreed lines of chicken (Kaiser et al., 2008). Second, the RASA2 gene
(detected in E12 with a ZHp = -5.05) controls cellular proliferation and differentiation
associated with lymphocyte 90/L ration, a disease resistance trait (Zhu et al., 2019).
Finally, the CACNA2D3 gene (detected in E12 with a ZHp = -5.07; also detected in
E10) participates in the signalling resistant pathway and has been associated with

protection against Salmonella in chickens (Li et al., 2018).

Two genes related to temperature stress (ATP1B3, NRXN3) and one to the tropical
desert climate (OC90) were also identified. The ATP1B3 gene function is related to
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homeostasis, muscle contraction, and transport of small molecules. It was reported as
being involved in controlling low-temperature stress in Tilapia (Changgeng et al., 2015)
and as a candidate gene for controlling heat stress in broiler chicken (Zi-Xuan et al.,
2019). ATP1B3 showed a high signal in E4 (ZHp = -5.22) and was also detected in E1,
E6, and E12 (ZHp < -4). These ecotypes are found in cool-humid and sub-humid parts
of Ethiopia, with mean minimum temperatures in the coldest month ranging between
5.5 and 11.6°C, and mean maximum temperatures in the warmest month between 25.3
and 33.1°C. Therefore, the gene may be involved in adaptation to the large temperature
difference experienced by these ecotypes. The other ecotypes (2, 3, 5, 7, 8, 9, 10, and
11 with ZHp of -1.69 + 2.05) do not have such large variations in temperature and did

not show signatures of selection in these regions.

The gene NRXN3 has revealed nucleotide polymorphism associated with body
temperature changes and heat stress in broiler chickens (Zi-Xuan et al., 2019). This
gene in a genomic region with a high ZHp signal of -5.1 for E9 was also detected in E6.
For E9, the mean value for maximum temperature in the hottest month is 28.9°C, and
for E6 33.1°C. The minimum temperature in the coldest month for E9 is 7.3°C and for
E6 11.6°C, respectively. These ecotypes also experience medium to high values for
precipitation seasonality (82 to 141 mm/m?). This interaction between temperature and
humidity impacts thermal comfort and performance in broiler chicken (Purswell, 2012).
The other ecotypes’ mean temperature ranges from 25.3°C to 33°C with a precipitation

seasonality medium to low (100 to 50 mm/m?).

The gene OC90 involved in the arachidonic acid metabolism plays an important role in
pain and inflammatory responses (Stelzer et al., 2016). Only E5 showed a high signal

at this gene (ZHp = -5.19), whereas all other ecotypes did not show any candidate
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windows for this genomic region. E5 displays minimum temperatures of 8.7 °C, a

maximum temperature of 28.1°C, and precipitations between 116 to 505 mm/m?.

Two genes related to adipose deposition and differentiation, BEGAIN (Shin et al., 2010)
and ESRRG (Shan-Shan et al., 2016), showed high ZHp signals in E9 (-6.16 and -5.07,
respectively). No other ecotypes presented significant sweeps at the BEGAIN gene. In
addition, the DRD3 gene was detected with a high signal in E3 (ZHp = -5.01). Itis a
dopamine receptor that plays an important role in systemic arterial blood pressure and
is strongly related to chicken aggressive behaviour (Li et al., 2016). The gene, however,
was not detected in any other ecotypes. Other genes with multiple functions that show
high signals in different ecotypes are ARHGAP22 (E3), ZZZ3 (E9), RNF7 (E4), and

HYDIN (E9) (Table 5.3).

5.3.3 Important sweep regions and genes detected with iHS analysis

Genes overlapping sweeps with the iHS highest scores from each of the twelve ecotypes
were investigated (Table 5.4). These include 17 genes from several sweep regions (n =
12) in ecotypes E1 and E11 with |iHS| > 3.5 (Figure 5.7). Fourteen of these genes are
located on chrl10. For ecotypes E2 to E10, none of the regions showed such signal
threshold; therefore, for these, only the iHS = 3.5 sweeps were investigated here. (Table

5.4),
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Figure 5.7 |iHS| values for candidate genome regions in each ecotype.
Genome regions showing sweeps with signals over a threshold |iHS| > 3.5 (blue line) were
further investigated (See Supplementary Table S5.6 — sub-tables 1 to 12).

The genes presented in Table 5.4 have several molecular functions being involved in
transport, transcription, and signalling. Three genes related directly to phenotypic traits
were identified. Two of these are associated with pigmentations of the plumage (AGBL1
for the orange and red plumage colours (Xiaotong et al., 2020), and MYO5A associated
with black plumage in chicken (Mao et al., 2019)) and one to dwarfism (ACAN) (Eberth
et al., 2018; Stavber et al., 2020). These three genes were detected in chromosome 10
in ecotype E11. MYO5A and AGBL1 did not show any |iHS| > 2 or close to this value in
any other ecotype. This finding might be reflecting an ongoing artificial selection in
E11l (Arabo population) with Amhara farmers selecting birds for plumage colour
(Addisu et al., 2013). Also, E11, compared with other ecotypes, display high
temperatures during the warmest months (32.5°C). Previous studies have shown an
important impact of high temperatures on body volume reduction (Smith et al., 2009;

Yeates, 2009; Steinbacher et al., 2017). In our case, this may translate that this gene is
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involved in the control of chicken size. By extension, it may explain the ongoing

selection at the ACAN gene region for this ecotype.

Table 5.4 Genes overlapping extreme signal (JiHS| > 3.5) or the strongest signalling
iHS sweep in each ecotype.

GENE Gene fu_nc_tlon / Reference  chr_start_stop kb u|HSa Eco®
association +s.d.
ENSGALG 230320000
00000050632 LncRNA 30350000 0 271 ES
Known as Yamaguchi
sarcoma virus oncogene
with tyrosine kinase Garmendia
YES1 activity. Associated with
etal., 2019
lung cancer and as a
predicted biomarker for
oo ) asse
ge 101960000 0.18
expressed predominantly -
in the retina. It is Zhang et
implicated in al., 2000
CLULL the pineal gland function  Yuan et al.,
between laying and 2020
broodiness periods in
geese.
ENSGALG Uncharacterized 2139090000 50 269 E8
00000032651 LOC112531902 139140000 '
Protein coding gene with ~ Wu et al.,
TARBPL methyltransferase function 2008
Involved in the
mitochondrial respiratory
- Stroud et 338540000
COA6 chain as a member_ of the al., 2015 38570000 30 3.05 E6
cytochrome c oxidase -
subunit family
It has a role as a thiamine
transporter with Zhang et
SLC35F3 implications al., 2014
in human hypertension
It is associated with panic
disorder in humans. Show Jensen et
MANEA environmental-geﬁomic al,, 2014 3_r3170000 50 348+ El
" : Gheyas et 73220000 0.33
association with low
L al., 2021
precipitation.
It plays an important role  Jensen et 7_29240000
DPP10 in the neuronal excitability al., 2014 29310000 0259 B4
Protein coding gene with
transferase activity
; . Aksoy et 733250000
GTDC1 involved in al., 2017 33280000 30 3.21 E12
neurodevelopmental -
disorders
Mainly involved in Lietal, 9 22290000
KPNA4 intracellular protein traffic  2011b 22340000 50 257 E10
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1692 miRNA
Also known as U90. It
plays an important role in ~ Morais et
SCARNA7 the methylation of RNAs  al., 2021
as part of Box C/D RNA.
Protein coding gene with a .
TRIM59 role as regulator for innate Boudinot
. . etal., 2011
signalling pathways
It plays an important role
sMca in changes in chromosome  Kimura et
structure during mitotic ~ al., 2001
segregation
Protein-gene coding for .
CHRNBA4 subunits of nicotinic ~ ~vvamtet 1040500005, 549 Epy
. al., 2016 4070000
acetylcholine receptors. -
Nicotine receptor family
protein. Polymorphism is
CHRNA5 related with early Han, etal.,
i . 2019
schizophrenia and
executive function.
Proteosome involve in
protein homeostasis.
Down-regulated gene Zhou et al., 10_4090000
PSMA4 when embryo cellsare 2018 4110000 20377 1
infected with Marek’s
disease virus.
Protein-gene with
transferase activity. Wang et
HYKK Slgnl_flcant association al., 2017
with lung cancer Campos et
susceptibility and al., 2020
pneumonia risk.
Protein-gene coding
phosphatase protein with ~ Lemonnier
ARPP13 an important role in the etal., 2020
timing of meiosis 10_9180000 110 330+ 11
' 9290000 0.29
Myosin protein. Itis a
MYO5A candidate gene for black Mao etal,
2019
plumage.
Transmembrane protein-
gene. Associated with Tang et al.,
TMESFL hepatocellular 2019
carcinoma. 10_11660000 50 345+ 11
Protein coding gene 11710000 0.54
enhancing DNA synthesis  Haouzi et
HDGFL3 and with an important role  al., 2018
in cell proliferation
The encoded protein is an
cartlaginous issse,  EVET et
. ' al., 2018 10_13530000 343+
ACAN AIIe_Ies of thls gene are Stavber et 13610000 80 0.54 11
associated with dwarfism al. 2020

in miniature horses and
humans with short stature.
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Interferon protein-coding

1SG20 gene. Regulates influenza Chai etal,
. L 2018
A virus replication
gga-mir- .
1720 miRNA
gga-mir-7-2 miRNA
10_13650000 20 340 1
Neurotrophic receptors 13670000
NTRK3 with roles in cell Ogura et 10_13780000  ,, 339+ 4y
differentiation al., 2021 13820000 0.43
' 10_13710000 60 3.35+ 1
13770000 0.25
Candidate geneto w00 1014250000 359+
AGBL1 pheome!amn.plgmentatlon et al., 2020 14290000 40 0.16 11
in chicken.
Protein coding gene
paying and integral role in
AGO4 RNA
interference and RNA- Hauptmann
mediated gene-silencing et al., 2014 234350000 5 a1 i
Candidate gene that _440000 '
CLSPN influences the function of  Yuanetal.,,
the ovary and uterus 2015
Clorf216 Chromosome 1 Open
Reading Frame
Protein coding gene
involved in organ size
control Zhao et al.,
TEAD3 and tumour suppression 2008
Protein coding required 26_60000
for normal photoreceptor 11000 50 2.82 EY
TULP1 function and for the long-
term survival of North et
photoreceptor cells al., 1997
FKBP5 Stress response-related Lotvedt et
gene al., 2017
Multifunctional
transcription factor in Yamaguchi 334120000 20 28 E2
endoplasmic & Wang, _ 4140000 '
DDIT3 reticulum stress response 2004
Wagstaff et 336110000
SLC2A1 Glucose transporter al., 1995 6130000 20 284 ES

(@) S.D. values are given when a region has multiple overlapping windows.
(b) Eco: ecotype.

The gene MANEA, associated with panic disorder in humans (Jensen et al., 2014), was
identified in E1. This gene has shown an environmental genomic association with low
precipitation in Ethiopian indigenous chicken (as found in chapter 4). The average value

for the minimum precipitation in the driest month for E1 is 79.9 mm/m?. However, no
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other ecotypes reveal signatures of selection in the same region, even though some have

lower precipitation than E1 (Supplementary Table S5.8).

Other identified genes have been related to various functions (Table 5.4), e.g., YES1
and HYKK associated with respiratory issues; 1ISG20 and PSMA4 involved in regulating

virus replication; or CLUL1 implicated in laying and broodiness in birds.

5.3.4 Shared sweep regions detected by Hp and iHS

In this work, two approaches were used to detect different kinds of selection events.
While the Hp method identifies regions that have either reached fixation or near fixation
(Rubin et al., 2010), the iHS approach aims to detect ongoing selection (Voight et al.,
2006). Though the detection power of these methods is different, exploring selective
sweeps detected simultaneously by both approaches could be interesting for two
reasons. If a region is detected commonly within the same ecotype, that would indicate
that it is close to reaching fixation but is not yet fixed. Also, if detected by both methods,
it may act as a validation for the sweep. Moreover, if ZHp detects a region in one
ecotype while by iHS in another, it may pinpoint different levels of selection in different

ecotypes.

Taking all sweeps (detected by either method) from all twelve ecotypes, a correlation
was calculated between Hp and unstandardised iHS (-0.043 £ 0.06, P-value = 0.00), and
ZHp and standardised iHS (-0.18 £ 0.06, P-value 0.00) (Supplementary Figures S5.2,
S5.3). It shows either no correlation or a low level of negative correlation between the
two approaches. However, a low number of sweep regions (n = 27) were detected by
both Hp and iHS, either within the same ecotype or among different ecotypes (Figure

5.8). No shared sweeps were observed in E4 and E7, whereas E3 and E5 displayed
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multiple shared sweeps between the two approaches (4 and 5, respectively). E6, E11,

and E12 displayed only one sweep detected by both methods.
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Figure 5.8 Detected sweep regions detected by iHS, Hp, and iHS-Hp simultaneously
by ecotype.

Out of 27 commonly detected candidate sweep regions, eight were detected in the same
ecotype (Figures 5.8). These regions overlap with five genes (EFCH2, TSNAREL,
TACR3, CHUCK, and AGTR1) with multiple functions related to neuronal functions,
inflammatory signals, and angiotensin function. In addition, six additional genes
overlap the same region in chromosome 23 (TCEB3, PITHD1, LYPLA2, GALE,

HMGCL, FUCAL). They are involved in diverse metabolic processes (Table 5.5).

Only E5 showed a sweep in the region chr2_147370000_ 147410000 simultaneously
detected by Hp, and iHS (Table 5.5), which overlaps the gene TSNARE1 associated with
domestication (Qanbari et al., 2015). Genes detected by each method found in unique
specific windows per ecotype are highlighted in Supplementary Tables 5S.5 and 5S.6.

133



Chapter Five

Further investigations on those genes will be needed to explore possible unique genetic

prints at the ecotype level.

Table 5.5 Candidate sweep regions detected by Hp and iHS across ecotypes.

- Ecotypes )
Position kb Hp | iHS ::'ps Genes Function Ref
132940000 ENSGALG0000
32060000 | 20 | 10 E3 | 0049735
ENSGALGO0000 _
1_76440000_ 30 | E3 | E9 0011930 unchar;?:}tgi-lz-le_d rotein NCBI
76470000 ENSGALGO0000 : prote
0026901 microRNA 6606
1 112390000 Involved in neuron Gaudet et
112440000 | P E2 | EFHC2 development al., 2011
1 120930000 30 E2, E5 ENSGALGO0000
120960000 E9 0049135
1 162440000 20 E5, ENSGALGO0000
162460000 E10 0047522
2 78320000 _ ENSGALGO0000
28340000 20 E10 | 5035925 LOC428499 NCBI
2 147370000 . Quanbari
147410000 40 E5 | TSNARE1 Neurobehavioral gene etal, 2015
Regulates gonadotropin-
433128888—3 30 E12 | TACR3 releasing hormone ;c;pl)alg(g):)ug
secretion B
511710000 _ ENSGALG0000
11730000 | 20 | E11| E® 0053062
It plays an important role
in signalling pathway
6_9980000_1 E5, activated by Razani et
0000000 20 E8 ES | CHUK inflammatory cytokines, al., 2010
bacterial or viral
products
7_29280000_ Involved in neuronal Jerng et
20310000 | 0| B2 | B DPP10 excitability al., 2007
Angiotensin receptor.
912520000_1 E1, Contributes to Burks,
2560000 40 | gg ES | AGTRI pulmonary hypertension 2011
in chicken
It plays an important role
during mitosis. It is Moroudi et
MPHOSPH10 associated with growth
. al., 2021
curve parameters in
chickens.
10_6310000_ 30 | E3 | E5 It is involved in neurexin
6340000 o
and neuroligin pathways
in humans. Itis Moroudi et
APBA2 associated with growth al., 2021
curve parameters in
chickens.
Involve in transcriptional
1118320000_ 20 | E5 | E3 ZNF469 regulation. Associated Luetal,
18340000 : . 2013
with corneal thickness
14 4960000 _ Involved with Telomere | Atanassov
4980000 20 | E12 | E UsP22 maintenance et al., 2009
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General transcription
elongation factor acting | Asoetal.,
TCEB3 on RNA polymerase Il 1996
transcription
Involved in Lu et al
PITHD1 megakaryocyte B
. = 2015
differentiation
Acts on biological Wepy et
LYPLA2 membranes to regulate
23_5730000_ 20 E6 lysophospholipids al., 2019
5750000 - -
GALE Involved in glucose_ and | Timson, D.
galactose metabolism 2006
Plays an important role Pié et al.,
HMGCL in ketone body formation 2007
Lysosomal enzyme
involved in the I et al
FUCAL degradation of P N
. 2002
glycoproteins and
glycolipids

5.3.5 RDA test and detection of candidate outliers SNPs

Hp and iHS approaches indicated candidate selective sweep regions within each ecotype
as potentially associated with environmental adaptation. Since ecotypes defined in our
study are a construct of a complex interaction of multiple environmental variables, we
need to dissect the genotype-environment association further. Here, we employ
Redundancy Analysis (RDA) for this purpose. RDA is a powerful method to detect
genetic variants associated with agro-climatic variables. It is a multivariate linear
regression approach, allowing simultaneous interrogation of many response variables
(e.g. SNP genotype data) with many predictors (e.g. environmental variables)
(Capblancg et al., 2018). An original number of 277,619 SNPs overlapped the candidate
sweep regions from Hp and iHS analyses. After LD-pruning, 44,202 SNPs were used.
Correlation analyses were performed using the six main agro-climatic predictors to

define the ecotypes (Chapter 3).

The RDA model was highly significant (F-statistics = 0.001) for the null hypothesis (no

linear relationship exists between the SNP data and the environmental predictor). The
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model explains 1.9% of the genomic variance for the considered environmental
parameters. The small proportion of genetic variance explained by the RDA model
reflects that only a small proportion of the SNPs coming from the sweep regions have
a linear relationship with environmental parameters. Each of the six RDA axes
explained 10% to 30% of the variance captured by the RDA model (Figure 5.9c). Only
the first five RDA axes were significant (P-value < 0.1 — 0.01), and these together

accounted for 90% of the total captured variance by the model.

The SNP loadings (Figure 5.9d) for the significantly constrained axes were used to
determine outliers or local adaptation candidates. The distribution of the chicken
samples across the investigated ecotypes is presented (for RDA1 vs RDA2 and RDA1

vs RDAJ) in ordination plots (Figures 5.9a-b).

RDA projection plots (Figure 5.9a-b) use scale values, where the SNPs scores were
scaled by the eigenvalue’s square root (Forester, 2019). As the explanatory variables
are not dimensionally homogenous, this standardisation allows direct comparison of
regression coefficients (ter Braak, 1994). Individuals’ dispersion across the ordination
space represents their relationship with the RDA axes, resulting from linear
combination to the predictor variables employed. Some interesting relationships can be
identified. For example, RDA1 vs RDA2 plot (Figure 5.9a) shows that individual
genotypes from E1 are positively related to precDQ and LandUse, whereas E3 and E8
are negatively correlated with these two variables. Similarly, E12 genotypes are
positively correlated with minTemp and negatively correlated with precWQ, whereas
an opposite scenario for E7 is observed (Figure 5.9a). By contrast, E9 individuals are

positively associated with LandUse in RDA axis 3 (Figure 5.9b).
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Figure 5.9 (a) Projection of SNPs and environmental variables into the RDA space
RDA1-RDA2 and (b) RDA1-RDAS3. (c) The six RDA axes explain variance (inertia).
(d) Distribution of SNP loadings for significantly constrained axes (RDA1 — RDADS).
The % of variation explained are: RDAL (32.7%), RDA2 (19%), and RDA3 (18.1 %).

Interestingly, individuals from EG6 are dispersed in subgroups for RDA1 vs. RDA2 and
axes RDAL vs. RDA3. Ecotype 6 comprises four different kebeles of populations
(Mihquan, HadushAdi, Hugub, and Jarso), though MaxEnt model prediction clustered
them together. For other ecotypes, no sub-clusters are evident when RDA ordination

plots are explored.

Given a normal distribution of the SNP loadings in all axes (Figure 5.9d), SNPs that

exceed SD > 3 (p-value = 0.0027) in both tails were extracted as outliers. With this
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threshold, 616 SNPs were found as outliers (Supplementary Table S5.9). The number
of outliers varied in relation to the strongest correlated environmental variable. For
minTemp, 113 outliers were identified, 72 for precSeasonality, 82 for precDQ, 104 for
precWQ, 130 for SoilOrgC, and 115 for Land Use. The strength of the environmental
correlation of the outlier SNPs was generally low to moderate (r? =~ 0.1 — 0.4) (Figure

5.10). The maximum correlation value was ~ 0.42, identified for precWQ.

0.45
0.4 °
0.35
0.3
0.25

0.2

0.1

0.05 4

precDQ minTemp precWQ
SoilOrgC precSeasonality LandUse

Figure 5.10 RDA correlation boxplot for identifying outliers.

The RDA analysis was performed to correlate SNP genotypes from individual samples
with environmental parameters without directly considering the ecotype effect.
Therefore, further investigations were made to check if the allele frequencies of
ecotypes outlier SNPs vary consistently with environmental parameters. Table S5.8
presents outlier SNPs results with RDA r values > 0.3 (but r > 0.28 for precDQ and
Landuse). Remarkably, for most outliers, a moderate correlation (r = 0.4 — 0.7) was
found between allele frequency and the ecotype average of the predictor value, showing
a possible environmental cline for the SNPs associated with the investigated agro-
climatic variables. Allele frequencies and correlation plots for one representative outlier

per predictor are presented as an example in Figure 5.11.
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In most cases, the difference between the minimum and maximum values of the allele
frequencies across the ecotypes is not wide. However, a clinal increment or decrement
is evident when the environmental values sequentially change among ecotypes.
Correlation coefficients between allele frequencies and mean values of agro-climatic
predictors support this relation (Figure 5.11). Even though the correlation is not

completely linear in all cases, it still shows an interesting relationship.

Finally, further investigation was made on 32 outlier SNPs which showed relatively
large environmental correlation values (r > 0.3) (Table 5.6). This resulted in two outliers
for minTemp, four for precSeasonality, five for precWQ, and 14 for SoilOrgC. No
outliers above the threshold (r > 0.3) were found for precipitation in the driest quarter
(precDQ) and LandUse. Thus, r > 0.29 and 0.28 were respectively applied for selecting
outliers for these environmental variables. With this, four outliers were chosen for
precDQ and three for LandUse. Notably, all these SNPs came from iHS-detected sweep
regions. Genes represented by these SNPs were explored to understand their possible

functions in relation to the agro-climatic variables (Table 5.6).
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Figure 5.11 Allele frequency fluctuation and correlation with agro-climatic predictors

(mean value) across ecotypes.

One outlier per predictor is shown as an example. Complete information can be found in

Supplementary Table 5S.10.
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Among the investigated SNPs/genes (Table 5.6), three genes (viz. LDLRAD3, TNIP2,
and GPX7), associated with precipitation variables (precSeasonality, precWQ, and
precDQ), have previously been reported to have an association with heat stress in
chicken in agreement with the ability to cope with heat stress being dependent on water

availability (i.e. the level of rainfall for scavenging chickens).

Small changes in rainfall combined with weather can alter the habitat moisture,
particularly on the tropical rain belt, which is a dominant feature of the African climate
(Jackson et al., 2020). Therefore, the animal’s thermal and suffocation sensation
increases, although the maximum temperature ranges are not the highest in the ecotypes
where the outliers were detected (E12, 11, and 7 with 30°, 32°, and 20°C respectively),
but high enough to interact with precipitation and humidity to create physiological
stress. Given these associations, the identified outliers are good candidates for future

studies on adaptation to humid environments.

The gene MAPKA4, a candidate for Salmonella resistance (Table 5.6), is associated with
precSeasonality. Seasonal climate changes have proved to be related to the prevalence
of infectious diseases in tropical areas. Accordingly, this predictor becomes interesting

for GEA studies in search of associations with disease resistance or susceptibility.

Only one gene, candidate for immune response and heat stress (PTPRZ1), was not
associated with a climatic predictor but with the SoilOrgC. However, since our work
was performed with indigenous village chickens (predominantly scavengers and
exposed to a broad range of pathogens through their food source), this finding is

relevant, particularly for the immune response association.
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Table 5.6 Selected RDA SNPs outliers overlapping protein-coding genes.
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Assoc_lated ID_SNP outliers Gene Ecotype* RDA Function / association Reference QTLdb
predictor cor
minTemp 4 88536330 PANK? E11 0.305 Involved in homeostasis for normal neuronal (Zizioli et al.,
and vascular development. 2016)
minTemp 2 78280162 MARCHF6 E10 0.308 Metabolic integrator in cholesterol synthesis. (Scott et al., 2020)
_ 1 71668364 LRP6 E2 0.308 Regulates muscle fibre _deve!opment impacting (Chao et al.,
precSeasonality shear force in chickens. 2019a)
It is associated with early body temperature and (Li et al., 2020)
precSeasonality 10 9402417 MAPK4 Ell 0.302 Salmonella pullorum resistance in chickens. ”
. . . : (Yuan et al., 2020)
Differential expression after hypoxia stress.
precSeasonality 4_84643310 CTBP1 E11 0.310 It modulates hy_po?qa-lnduced apoptosis in (Dorman et al.,
pituitary cells. 2012)
precSeasonality 0.307 . . . . . (Jastrebski et al.,
OrgSoilC 5 19554343 LDLRAD3 E12 0.334 Associates with heat stress in broiler chicken. 2017)
An upregulated gene for abdominal adipose (Huanxian et al.,
precWQ 2 117749087 RDH10 E2 0.417 tissue of chickens. 2012)
Upregulated gene in domestic chicken breeds in (Quinghe et al.,
precWQ 10_13599109 DETI E1l 0.348 comparison to wild species RJF. 2012)
precWQ 21 4353990 FBX042 E8 0.310 Binding protein (Sunetal., 2009)  Gizzard_weight
orecWQ 43627776 HS6ST2 E10 0.330 It is associated with gr_owth and carcass traits in (Wang et al., 2018) Body weight 28
chicken. _days
It is associated with growth response to (Fleming et al Feather colour
precWQ 4 82439583 TNIP2 E1ll 0.306 environmental stress, g N -
. i S . 2016) _extended_black
inflammation/oxidative/metabolic stress.
precDQ 1197483358 DCHS1 E7 0.371 Calcium-dependent cell-cell adhesion (Durst et al., 2015)
molecules.
precDQ 20_1187011 ERGIC3 E;‘ 0.294 Cytoplasmic transport protein. (Breg(z)g f)t al.,
It is associated with antioxidant activity caused (Del Vesco et al.,
precDQ 8 24798255 GPX7 E7 0.296 by heat stress in chickens. 2015) Feathered_feet
pr_ecDQ 19 1816989 AUTS2 ES8 0.344 It is implicated in neurological development (Gaoetal., 2014)  Feed_intake
SoilOrgC - 0.372 ' N -
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Feather_colour

1 23065714 E7 0.302 -
- ) i h d | extended_black
SoilorgC 1 23140159 PTPRZ1 E7 0.307 Associates with heat stress response an (Monson et al.,
immune stimulation in chickens. 2018)
1 23141490 E7 0.405
1 23164664 E7 0.335
SoilorgC 10_ 7190022 MYOLE E11 0.332 Involved in mtracellular_mc_)vement and (Senna-Cherchi et
membrane trafficking. al., 2011)
SoilorgC 191819556 LME1L E8 0.363 Involved in Ilpoprof[eln liver metabolism in (He et al., 2018)
chickens.
SoilorgC 3 16891572  GPCPD1 ~ El12 0410  'Mportantgene in determining muscle growth oot a1 2017
and feed efficiency in broilers.
SoilorgC 338560061 TARBP1 E6 0.306 RNA binding protein. (Ch”Stze(;‘g%“ etal,  comb_weight
SoilorgC 5_ 35557653 NPAS3 E7 0.361 This gene appeared to be responsible for (Hou et al., 2020)
domestication-related behavioural aspects.
SoilorgC 539594296 ADCK1 ES8 0.327 Involved in mitochondrial functions. (Yoon et al., 2019)
SoilOrgC 6_28550216 NHLRC2 E12 0.307 Associated with body weight in chickens (Li & Li, 2019) Ovary_weight
. . . . . Ovary_weight
SoilorgC 7_30965068 THSD7B E12 0.377  Candidate gene assicr)]c(l:arl]tiec?(;/\rl]lth albumin quality (Quetal,2019)  Comb weight
7_30967748 E12 0.320
SoilorgC 8_6198062 STX10 E12 0.382 Involved in fusion events at the Golgi (Ganley et al.,
apparatus. 2008)
LandUse 17_7056075 GFI1B Ell 0.312 Transcriptional regulator protein. (Fuchs et al., 1997) Feather_colour_
extended_black
. L (Javanrough-
LandUse 17 7239853 SLC2A6 E11 0206 A candidate gene for blood metabolites in Aliabad et al.,
chickens.
2018)
LandUse 2 31712297 OSBPL3 E4 0282  Differentially expression of the gene on laying ;o 5 9015)

hen liver, closely related to fat metabolism.

* The ecotypes from which the SNPs originally overlapped with sweep regions
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We also find that some chicken production-related genes, e.g., LRP6 and HS6ST2, are
associated with precipitation variables, indicating the effects of precipitation variables
on the growth and welfare of scavenging chickens. The largest number of high
correlation outliers were detected for the OrgSoilC variable (Table 5.6). Interestingly,
most of the genes associated with these candidates are involved in various lipoprotein
mechanisms (viz. PTPRZ1, MYO1E, LMF1, GPCPD1, TARBP1, NPAS3, ADCK1,
NHLRC2, THSD7B, and STX10). In particular, three genes - GPCPD1, a metabolite
interconversion enzyme, NHLRC2, a protein modifying enzyme, and TSHD7B, a cell
adhesion protein - play an important role in food conversion protein metabolism, and
they are candidates for muscle growth, body weight, and albumin quality. These outlier
genes were detected from E12 and E8, which showed medium to high soil organic

carbon (Supplementary Table S5.8).

These findings have important implications for breeding improvement efforts on
African poultry used for backyard farming. For example, these genes can be targeted in
a selection programme to improve the scavenging performance of chicken (e.g.
improving feed conversion efficiency from scarcely available natural food). These
findings also show that our innovative framework helps identify potentially more
efficient ecotypes in utilising natural food. Furthermore, the biological functions
associated with these genes confirm that our assumption about the significance of soil
carbon content for the scavenging adaptation in indigenous chickens is justified, and

ENM has successfully captured this important predictor.

Investigation of the molecular functions, biological processes, and cell components of
these 28 protein-coding genes (using PANTHER Classification System) show their
involvement in wide-ranging molecular functions (Figure 5.12). Eight genes (GFI1B,

MYO1E, DET1, DCHS1, STX6, NPAS3, TNIP2, and OSBPL3) are related to binding
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functions. Eight genes (MYOL1E, GPX7. TARBP1, PANK2, RDH10, HS6ST2, PTPRZ1,
and MAPKG®) are related to catalytic activity. Two genes (DET1, STX6) are involved in
molecular adaptor activity. Two genes (GFI1B and NPAS3) have molecular regulatory
functions, and one gene (OSBPL3) is involved in transporter activity. Few significant
results with multiple genes involved were obtained from enrichment analysis
(Supplementary Table S5.11). After correcting for multiple testing, only two pathways
showed P-value < 0.05. These two are the insulin signalling pathway (P-value: 0.044
for SREBF1|MTOR genes) and herpes simplex virus-1 infection (P-value: 0.044 for
MAVS|MTOR genes). These results may have not included other real causal SNPs as a
previous LD pruning approach was applied removing potential targets for the analysis.

However, the SNPs tested can act as tag SNPs (of the causal loci) for any future work.

PANTHER GO-Slim Molecular Function
Total # Genes: 28 Total # function hits: 21

9l

61 B binding (GO:0005488)
catalytic activity (GO:0003824)
molecular adaptor activity (GO:0060090)
41 W molecular function regulator (GO:0098772)

fransporter activity (GO:0005215)
21
0

Category

Genes

Figure 5.12 Molecular functions for 28 RDA outlier investigated. (panther.org)

5.4 Discussion

This chapter presents a novel approach to study environmental adaptation. Previously,
different studies have investigated genomic adaptation to particular climatic or

environmental factors but have not included detailed characterisation of the
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environment to define ecotypes. In this research, based on the habitat characterisation
and applying ENM, ecotype definition was produced to cluster chicken populations
based on the environment (Chapter 3). These ecotypes capture the complex interactions
of major environmental variables within the local agro-ecology and offer the
opportunity to explore their effects on the genome level. Exemplified by Ethiopian
village chicken, this novel approach provides a new tool for identifying, characterising,
utilising, and conserving livestock diversity. Furthermore, this is the first study on a
livestock species that simultaneously considers a large spectrum of environmental

variables.

The ecotypes were then used for dissecting the genetic basis of environmental
adaptation using multiple complementary approaches: Hp for capturing selective sweep
regions possibly near fixation (Rubin et al., 2010), iHS to detect sweeps that are yet to
reach fixation (Voight et al., 2006), and finally, RDA to identify the linear relationship

of genotypes with specific environmental variable gradients.

Among the various environmental selection pressures which have shaped the animal
genome, climatic variables have been particularly under the research scope (Frichot et
al., 2013; Lv et al., 2014). For instance, studies on thermotolerance responses have
followed the increasing concerns of the impact of climatic change on livestock
production (Shilin et al., 2020). Thus, an important advantage of the approach applied
here is the prior identification of the environmental variables with a major impact on an
ecotype as a preliminary step to genomic analysis. Moreover, combining sweep analysis
with RDA permits identifying regions under positive selection and determines which

variables or closely associated linked variables have been selected.
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Several studies have discussed the different strategies to identify selection signatures in
livestock species (de Simoni Gouveia et al., 2014; Eusebi et al., 2020; Saravanan et al.,
2020). Also, demographic events, recombination rate, and selection strength may have
a differential influence on specific populations (e.g. Weigand & Leese, 2018). The
genomic approach used by the present study based on the constructed ecotypes, instead
of investigating individual populations, offers many benefits. First of all, clustering
multiple populations based on environmental similarity permitted focusing on the
genomic variation associated with specific ecological drivers, reducing false-positive
candidates from demographic events (e.g. genetic flow, founder effect, bottlenecks,
etc.). Second, combining multiple populations in most ecotypes is expected to reduce
population structure in the signature analysis. Finally, it has allowed us to explore the
genotype-environment association across a complex environmental landscape instead

of using a simplified association between a single predictor and a genotype.

We have used a ranking-based outlier approach for finding candidate sweep regions.
Since our analysis is not based on individual SNPs but based on window approach
where information from multiple SNPs is combined, this should reduce false positives.
Besides we have applied quite stringent criteria in sweep calling (P<0.01 and then
further filtration based on tests statistics). This study detected a smaller number of
selective sweeps that have reached or near fixation (based on the Hp approach).
Interestingly, no SNPs from Hp-based sweeps were outliers with a strong correlation to
environmental variables in RDA. This is probably because these SNPs are fixed in most
or many ecotypes and the results of old selection events (e.g. improvement throughout
domestication (viz. BCDO2, TSHR, GTF2A1, TSNARE1)). These will not vary in

frequencies with environmental gradient and thus could not be captured by RDA.
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The iHS method spotted most outliers in the RDA. What makes these findings more
interesting is that RDA candidate SNPs are under selection over many ecotypes that are
not necessarily close at geographic level but are affected by similar ranges of the
response variables associated with them. Therefore, the iHS detection method followed
by RDA is a more effective approach for detecting environmental association. This
finding is relevant since the results obtained here permitted identifying the best methods

to be applied in the proposed framework to study environmental adaptation.

5.5 Conclusion

Considering the complex interaction of agro-climatic variables in specific ecotypes, this
study shows a new direction of analysing environmental adaptation by first classifying
populations into ecotypes and then using the defined ecotypes to investigate signatures
of selection and genotype-environment association. Moreover, we presented here an
efficient signature of selection approach for identifying genomic regions and candidate-
associated genomic markers associated with environmental adaptation. These results
have important implications for conserving important genetic diversity, for
management decisions about breed suitability for specific regions, and breeding

improvements, especially regarding climate resilience traits.
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Chapter 6

Conclusions and Perspectives
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This final chapter highlights the major achievements from this PhD research along with
their implications. The chapter also discusses the limitations of the work and provides

some future research directions.

The main goal of this thesis was to dissect the genetic basis of tropical environmental
adaption in African indigenous chickens. Although genetic adaptation has been an
important research interest to understand how species respond to environmental
conditions (Fox et al., 2018; Julian & Moore, 2019), large-scale genomic studies on
indigenous livestock, particularly on chicken, are still very limited. Previous studies on
livestock were often limited in their scope due to small sample size, lack of genome
sequence data, or not having extensive coverage of the genome (e.g. used only genotype
data from SNP chips) (Gheyas et al., 2015; Fleming et al., 2016; Fleming et al., 2017,

Strillacci et al., 2018; Elbeltagy et al., 2019; Luo et al.,2020a).

Besides, dissecting environmental adaptation itself is a very challenging task. Many
intervening factors can contribute to this, such as a wide phenotypic diversity across
environmental ranges, making it difficult to identify ecotypes (Ehsaninia et al., 2020).
Also present are complex interactions between environmental factors (LaFleche &
Waterman), gene-environment interactions (Gilad et al., 2006), and interactions among
genes (Sandoval-Castillo et al., 2020). However, the need for research aiming to
elucidate genotype-environment interactions in livestock species is increasingly
becoming more relevant to our world’s rising climate crisis. Therefore, methodological
innovations are required, along with large environmental and genomic data to
comprehend the current and future species’ responses to modified environmental
conditions. This PhD study attempted to integrate interdisciplinary analytical

approaches (ecological and genomic) to improve the power of the analysis.

150



Chapter Six

Employing ENM, this study proposes a new framework for defining livestock ecotypes
(Chapter 3), including characterization of their habitats as well as genomes in relation
to environmental pressures. No previous studies have done this before to such a level
of detail in livestock. Although the method has been developed using Ethiopian
indigenous chickens, it will be similarly applicable to any other species. Moreover, to
dissect the genetic basis of adaptation, a rather comprehensive strategy was employed
involving comparative genomics of populations from extreme environments (Fst, XP-
EHH in Chapter 4), within ecotype analysis (iHS, and Hp in Chapter 5), and combined
analysis of all populations across the environmental gradients (RDA in Chapter 5).
These analyses permitted identifying candidate genes related to important
environmental stressors in the African chicken’s agro-ecologies. While RDA identifies
only candidates showing linear association across environmental gradients (Capblancq
et al., 2018), the other analyses can capture linear and non-linear associations (Luo et
al., 2020Db). Particularly, extreme population comparison can identify regions under
positive selection due to extreme environmental pressures, representing rapid response
to stress factors. Therefore, the genomic analysis approaches presented here are
complementary as well as confirmatory in certain cases. Their combined use in the
present study has increased the power of detecting candidate regions/genes/variants,
showing different types of environmental association (linear and non-linear), different
stages of selection (already fixed and ongoing), and different selection strengths (strong
to weak). Specifically, our study has shown that using RDA and candidate selective
sweeps permitted us to identify signals with weak to moderate effects. This is
particularly important for studying local adaptation in environments where climate
change has the biggest impact, in other words, where environmental stressors can

rapidly change and create complex genotype-environmental interactions over time.
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Using this comprehensive analysis, a set of candidate genes have been identified in
relation to different environmental stress factors, including adaptation to extreme
temperatures, rainfall patterns, and high altitude. Remarkably, adaptation to scavenging
conditions has also been identified using environmental proxies that affect the
abundance and availability of food for foraging chickens. This is the first study to report
candidate genomic regions for scavenging adaptation, which will have important
implications for smallholder poultry farmers raising chickens in scavenging/semi-
scavenging conditions. To the best of our knowledge, this is by far the largest tropical
adaptation study on chicken involving whole-genome sequence data as well as the most

comprehensive one in terms of methodological applications.

Tackling false discovery rate (FDR) constitutes an important component in any genomic
analysis, like the selection signature analyses applied in our study. Different approaches
are available to tackle the issues with some widely used approaches including taking
either the top 1% (or 5%) regions as candidates or applying some stringent thresholds
to determine outliers. In our study, we have combined both, first by applying an
empirical P-value < 0.01, corresponding to the selection of the top 1% ranked windows,
- followed by applying further stringent filtration on specific selection signature metric.
Using the empirical P < 0.01, we detected about 910 - 930 windows as candidate sweeps
in different analyses as about 91,000 - 93,000 windows were analysed genome-wide.
It translates into approximately nine windows as false positives (FDR) in each analysis.
However, we expect the number of false positive to be much lower as further filtration
thresholds were applied based on standardized values or Z-scores of different matrices
(Hp, Fst, XPEHH and iHS). For normally distributed variables, the Z score itself can
provide a prediction of false positive rate (based on Z-score probability table) but in our

case most distributions were not normal. Therefore no attempt is made here to estimate
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FDR based on the Z-score. The calculation of Z scores, however, was necessary for

applying the same metric-specific threshold across different populations or ecotypes.

The study, however, is not without limitations and further analysis will be required to
fill the gaps arising from such limitations. For instance, the study could not include any
phenotypic data, and therefore, it was not possible to assess the phenotypic response of
tropical adaptation in the studied samples. Hence, future studies need to incorporate
relevant phenotypic data (whole animals and cellular/tissue studies) to assess their
association with the candidate genes/regions and environmental stressors. The current
study performed analysis based on SNP variants only, mainly because they provide a
dense coverage of the genome which is important for selection signature analysis when
sample size is limited. However, there are other types of variants in the genome which
can be functionally important such as short Insertions and Deletions (INDELS), long
Structural Variants (SVs), and retroviral elements, which are also widespread in the
chicken genome and can have important adaptive roles (Ratan et al., 2015; Platt Il et
al., 2018; Heller & Vingron, 2019). For instance, previous studies have shown the
importance of SVs in different traits, including adaptive traits with ecological and
evolutionary implications (Wellenreuther et al., 2019). They may contribute to
important processes and profoundly affect gene functionality (Ha et al., 2009). SVs can
together cover larger regions than SNPs. They are present at significant frequencies in
many populations, and it may be expected that the advances in genomics and
bioinformatics will catalyse a growing number of studies reporting the involvement of
complex structural variants with particular traits (Xia et al., 2017; Sanchis-Juan et al.,
2018). While all these variants are valuable, particularly calling and genotyping SVs
and INDELS is more challenging and time consuming, which is one of the reasons why

those variants were no included in this study. In case of SNPs, we applied a
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sophisticated VQSR approach which is not possible for SVs and INDELS as there are
no validated set of this type of variants yet. Besides, calling SVs would require long
read data for validation. Besides their limitations, is important that future studies can

include this type of variants.

This study provides a number of candidate genes detected by different methods.
However, these need to be validated in future studies. For example, we have reported
common detected genes in environmental extreme groups (chapter 4) and ecotypes
(chapter 5), but also, it is necessary to confirm their selection in other independent
populations or species living under similar environmental stressors. Their expression
can be then validated via gene expression studies (transcriptomics, metabolomics,
gPCRs, etc.) or following gene editing approaches (e.g. CRISPR/Cas9) (Chao et al.,

2019b) and via genomic feature models (GFM) (Rohde et al., 2018; Sehgal et al., 2019).

The findings and tools generated in the course of this PhD work have many implications
for livestock breeding, conservation and management. The proposed framework
exemplifies an attractive opportunity for performing a detailed exploration of the
environment and a comprehensive analysis of genetic variants involved in agro-climatic
adaptation. These might represent a crucial tool for smallholder farming productivity,
particularly those relying on indigenous or/and native populations at the local level. For

example, the ACGG programme (https://www.ilri.org/research/projects/african-

chicken-genetic-gains-acgg) and chicken breeding companies working with ACGG

could use this genomic information to develop improved breeds with better adaptation

providing smallholder farmers with improved genetic resources.

Furthermore, by integrating ecological concepts with genomic approaches, the methods

presented in the thesis open a further opportunity for interdisciplinary research, with
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important implications at the conservation and management levels. The approach can
be employed to study the impact of climate change on ecotypes and explore ecotype
habitats and disease pre-disposition based on environmental characteristics. It
contributes to potentially overcoming some of the challenges in landscape genetics
applications (Balkenhol et al., 2016) by integrating into a single conceptual framework
all aspects of the research to investigate the landscape characteristic’s effect on
evolutionary processes. Moreover, with the vast generation of genetic sequencing data
and the free accessible climatic data for the last decades, our study illustrates the
opportunity of developing conservation and sustainable production programs for

livestock species incorporating this information for management purposes.
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Supplementary Table S2.1. Summary results on sequencing and mapping of reads

Population # reads? MR (%)P MD (X)°
Adane 376903935 99.38 35.89
Alfa Midir 342600741 98.02 39.39
Amesha Shinkuri 427316335 99.43 39.02
Arabo 309414324 99.54 31.30
Ashuda 436640467 99.10 39.76
Batambie 436294418 99.37 40.33
Bekele Girissa 383898518 98.78 36.38
Dikuli 418411806 99.17 36.39
Gafera 403298450 99.12 43.45
Gesses 373183155 99.62 35.66
Gijet 439628764 99.53 43.08
Hadush Adi 201579979 98.67 39.68
Hugub 360343162 99.71 35.67
Jarso 368646704 99.79 25.96
Kido 357193268 84.27 37.30
Kumato 404282348 99.75 38.13
Local Horro 387105936 99.83 28.68
Loya 461026931 99.57 42.61
Meseret 433954119 99.46 39.24
Metkilmat 339764180 99.54 33.99
Mihguan 335214296 99.73 34.37
Negasi Amba 362919193 99.02 35.52
Shubi Gemo 421492594 99.36 39.09
Surta 475115042 98.87 41.51
Tzion Teguaz 244270731 99.40 22.04

(&) Average number of reads.
(b) Total number of reads mapped to the GRCga6a reference genome.
(c) Mean sequence depth of the genome sequence coverage.
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Supplementary table S2.2. LD pairwise comparison for 6 population groups defined by PCA for different distance (kb) across the chicken
autosome genome. (# pw = number of pairwise comparisons. # (r> = 0.8-1) = number of pairwise comparison with r2 between 0.8 — 1. % =
percentage of pairwise comparisons with r? between 0.8 — 1).

Distance

<2kb | 2-4kh | 4-6Kkb| 6-8kb |8-10kb | 10-12kb | 12-14Kkb | 14-16 kb | 16-18 kb | 18-20kb | 20 - 25 kb
— | #pw 9309328 | 2654154 | 569869 | 160903 | 60359 27760 15512 9068 5945 4172 1
§ #(”=08-1) | 3032112 | 570588 | 123425 | 38738 | 15767 7669 4188 2771 1817 1238 1
2| % 32.6 21.5 21.7 24.1 26.1 217.6 27.0 30.6 30.6 29.7 100.0
o~ | #pwW 9293198 | 2058751 | 369269 | 99278 | 37425 17415 9487 5752 3648 2485 5
g #(”=08-1) | 3484602 | 885871 | 222867 | 72506 | 29723 14556 8055 4891 3306 2299 2
= % 375 43.0 604 | 730 79.4 83.6 84.9 85.0 90.6 92.5 40.0
o | #pw 8716725 | 1167111 | 158868 | 39947 | 14984 6904 4033 2464 1564 1032 0
g #(*=081) | 2571761 | 287543 | 51495| 15115| 6105 2885 1730 1033 698 457 0
= | % 29.5 24.6 324| 378 40.7 418 42.9 41.9 44.6 443
< | #pw 9168242 | 1341246 | 185973 | 46477 | 17037 7722 4531 2804 1799 1159 2
g #(”=08-1) | 2850848 | 348560 | 62934 | 18378 | 7378 3543 1993 1292 842 491 0
= | % 31.2 26.0 33.8 39.5 433 45.9 44.0 46.1 46.8 42.4
o | #pw 8634970 | 1148292 | 155732 | 39768 | 14929 6757 3758 2290 1514 978 0
g #(”=08-1) | 2628924 | 293893 | 51965 15609 | 6278 2863 1609 989 618 402 0
= | % 304 25.6 334| 393 42.1 424 42.8 432 40.8 41.1 0
© | #pw 8841621 | 1211699 | 167163 | 42406 | 15762 15762 4052 2326 1552 1000 0
g #(*=081) | 2681763 | 307398 | 56278 | 16694 | 6728 3179 1740 1083 703 436 0
= % 30.3 254| 337 394 42.7 20.2 42.9 46.6 453 436 0

(group 1 = Jarso population; group 2 = Hugub population; group 3 = Kumato, Loya, Shubi Gemo and Bekele Girissa populations; group 4 = Alfa Midir,
Negasi Amba, Adane, and Arabo populations; group 5 = Metkilimat, Hadush Adi, Mihquan, Gijet, and Meseret populations; group 6 = Gesses, Kido, Gafera,
Horro, Tzion Teguaz, Dikuli, Amesha Shinkuri, Batambie, Ashuda and Surta populations).
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Table S3.1 AUC values of environmental variables for individual ENM’s ran under different combinations of feature classes and beta-multipliers.
(Model configuration: number of the evaluated model. Settings: feature classes and regularisation multipliers (RM) used for the model. -H: hinge, Q:
quadratic, P: product, H: hinge, C: categorical, T: threshold-. Train AUC: Area Under the Receiving Operator Curve value for train test. testAUC: AUC
value for test model. diffAUC: the difference between the AUC value based on training localities. ORmtp: a threshold-dependent metric that indicates the
proportion of test localities with suitable values lower than that associated with the lowest-ranking training locality. OR1o: a threshold-dependent metric that
displays the proportion of test localities with suitable values lower than that excluding the 10% of training localities with the lowest predicted suitability.
AlCc: Akaike Information Criterion corrected for small sample sizes. delta.AlCc: the difference between the AlCc of a given model and the AICc of the
model with the lowest AlCc. w.AICc: Akaike weight divided by the sum of the likelihood values of all models included in a run. nparam: number of
parameters in a Maxent model).

126 HQP_3.5 HQP 35 0.9587 0.9523 0.0004 0.0056 0.0003 0.008 0.0006 0.128 0.0031 6039.08 0.0000 0.3010 42
127 HQPT_3.5 HQPT 35 0.9587 0.9523 0.0004 0.0056 0.0003 0.008 0.0006 0.128 0.0031 6039.08 0.0000 0.3010 42
128 HQPTC 3.5 | HQPTC 3.5 0.9587 0.9523 0.0004 0.0056 0.0003 0.008 0.0006 0.128 0.0031 6039.08 0.0000 0.3010 42
110 HQP_3 HQP 3 0.9616 0.9559 0.0003 0.0055 0.0003 0.008 0.0006 0.12 0.0043 6043.59 4.5096 0.0316 53
111 HQPT_3 HQPT 3 0.9616 0.9559 0.0003 0.0055 0.0003 0.008 0.0006 0.12 0.0043 6043.59 4.5096 0.0316 53
112 HQPTC 3 HQPTC 3 0.9616 0.9559 0.0003 0.0055 0.0003 0.008 0.0006 0.12 0.0043 6043.59 4.5096 0.0316 53
43 LQP_1 LQP 1 0.9427 0.9392 0.0014 0.0086 0.0006 0.008 0.0003 0.112 0.0024 6051.11 12.0284 0.0007 33
44 LQPT_1 LQPT 1 0.9427 0.9392 0.0014 0.0086 0.0006 0.008 0.0003 0.112 0.0024 6051.11 12.0284 0.0007 33
45 LQPTC 1 LQPTC 1 0.9427 0.9392 0.0014 0.0086 0.0006 0.008 0.0003 0.112 0.0024 6051.11 12.0284 0.0007 33
11 LQP_0.1 LQP 0.1 0.9468 0.9405 0.0022 0.0098 0.0011 0.004 0.0002 0.108 0.0022 6066.06 26.9742 0.0000 40
12 LQPT 0.1 LQPT 0.1 0.9468 0.9405 0.0022 0.0098 0.0011 0.004 0.0002 0.108 0.0022 6066.06 26.9742 0.0000 40
13 LQPTC 0.1 | LQPTC 0.1 0.9468 0.9405 0.0022 0.0098 0.0011 0.004 0.0002 0.108 0.0022 6066.06 26.9742 0.0000 40
27 LQP_0.5 LQP 0.5 0.9451 0.9402 0.0017 0.0090 0.0007 0.008 0.0003 0.108 0.0029 6073.50 34.4203 0.0000 40
28 LQPT_0.5 LQPT 0.5 0.9451 0.9402 0.0017 0.0090 0.0007 0.008 0.0003 0.108 0.0029 6073.50 34.4203 0.0000 40
29 LQPTC 0.5 | LQPTC 0.5 0.9451 0.9402 0.0017 0.0090 0.0007 0.008 0.0003 0.108 0.0029 6073.50 34.4203 0.0000 40
142 HQP_4 HQP 4 0.9549 0.9479 0.0004 0.0065 0.0003 0.008 0.0006 0.14 0.0026 6079.52 40.4386 0.0000 43
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143 HQPT_4 HQPT 0.9549 0.9479 0.0004 0.0065 0.0003 0.008 0.0006 0.14 0.0026 6079.52 40.4386 0.0000 43
144 HQPTC_4 HQPTC 0.9549 0.9479 0.0004 0.0065 0.0003 0.008 0.0006 0.14 0.0026 6079.52 40.4386 0.0000 43
94 HQP_2.5 HQP 2.5 0.9642 0.9592 0.0004 0.0055 0.0003 0.004 0.0002 0.128 0.0035 6087.08 48.0005 0.0000 66
95 HQPT_2.5 HQPT 2.5 0.9642 0.9592 0.0004 0.0055 0.0003 0.004 0.0002 0.128 0.0035 6087.08 48.0005 0.0000 66
96 HQPTC 2.5 | HQOPTC | 25 0.9642 0.9592 0.0004 0.0055 0.0003 0.004 0.0002 0.128 0.0035 6087.08 48.0005 0.0000 66
59 LQP_15 LQP 15 0.9406 0.9353 0.0012 0.0089 0.0007 0.012 0.0004 0.108 0.0022 6102.57 63.4844 0.0000 32
60 LQPT_1.5 LQPT 1.5 0.9406 0.9353 0.0012 0.0089 0.0007 0.012 0.0004 0.108 0.0022 6102.57 63.4844 0.0000 32
61 LQPTC 1.5 | LQPTC 15 0.9406 0.9353 0.0012 0.0089 0.0007 0.012 0.0004 0.108 0.0022 6102.57 63.4844 0.0000 32
158 HQP_4.5 HQP 4.5 0.9516 0.9423 0.0006 0.0077 0.0004 0.008 0.0003 0.136 0.0043 6106.81 67.7212 0.0000 42
159 HQPT_4.5 HQPT 4.5 0.9516 0.9423 0.0006 0.0077 0.0004 0.008 0.0003 0.136 0.0043 6106.81 67.7212 0.0000 42
160 HQPTC 4.5 | HQPTC | 4.5 0.9516 0.9423 0.0006 0.0077 0.0004 0.008 0.0003 0.136 0.0043 6106.81 67.7212 0.0000 42
174 HQP_5 HQP 5 0.9471 0.9379 0.0007 0.0073 0.0004 0.008 0.0003 0.108 0.0032 6125.50 86.4174 0.0000 39
175 HQPT_5 HQPT 5 0.9471 0.9379 0.0007 0.0073 0.0004 0.008 0.0003 0.108 0.0032 6125.50 86.4174 0.0000 39
176 HQPTC 5 HQPTC 5 0.9471 0.9379 0.0007 0.0073 0.0004 0.008 0.0003 0.108 0.0032 6125.50 86.4174 0.0000 39
75 LQP_2 LQP 2 0.9384 0.9332 0.0010 0.0084 0.0006 0.012 0.0007 0.108 0.0025 6135.97 96.8897 0.0000 30
76 LQPT_2 LQPT 2 0.9384 0.9332 0.0010 0.0084 0.0006 0.012 0.0007 0.108 0.0025 6135.97 96.8897 0.0000 30
77 LQPTC_2 LQPTC 2 0.9384 0.9332 0.0010 0.0084 0.0006 0.012 0.0007 0.108 0.0025 6135.97 96.8897 0.0000 30
91 LQP_2.5 LQP 2.5 0.9352 0.9300 0.0010 0.0084 0.0006 0.008 0.0006 0.112 0.0031 6147.90 108.8160 | 0.0000 29
92 LQPT_25 LQPT 2.5 0.9352 0.9300 0.0010 0.0084 0.0006 0.008 0.0006 0.112 0.0031 6147.90 108.8160 | 0.0000 29
93 LQPTC 2.5 | LQPTC 2.5 0.9352 0.9300 0.0010 0.0084 0.0006 0.008 0.0006 0.112 0.0031 6147.90 108.8160 | 0.0000 29
190 HQP_5.5 HQP 55 0.9421 0.9338 0.0008 0.0073 0.0004 0.004 0.0002 0.108 0.0050 6149.08 109.9936 | 0.0000 37
191 HQPT_5.5 HQPT 55 0.9421 0.9338 0.0008 0.0073 0.0004 0.004 0.0002 0.108 0.0050 6149.08 109.9936 | 0.0000 37
192 HQPTC 5.5 | HQOPTC | 55 0.9421 0.9338 0.0008 0.0073 0.0004 0.004 0.0002 0.108 0.0050 6149.08 109.9936 | 0.0000 37
107 LQP_3 LQP 3 0.9325 0.9275 0.0008 0.0077 0.0005 0.012 0.0007 0.1 0.0026 6156.08 116.9950 | 0.0000 25
108 LQPT_3 LQPT 3 0.9325 0.9275 0.0008 0.0077 0.0005 0.012 0.0007 0.1 0.0026 6156.08 116.9950 | 0.0000 25
109 LQPTC_3 LQPTC 3 0.9325 0.9275 0.0008 0.0077 0.0005 0.012 0.0007 0.1 0.0026 6156.08 116.9950 | 0.0000 25
206 HQP_6 HQP 6 0.938 0.9296 0.0009 0.0077 0.0004 0.004 0.0002 0.116 0.0055 6171.84 132.7574 | 0.0000 34

192




Supplementary Tables

207 HQPT_6 HQPT 6 0.938 0.9296 0.0009 0.0077 0.0004 0.004 0.0002 0.116 0.0055 6171.84 132.7574 | 0.0000 34
208 HQPTC_6 HQPTC 0.938 0.9296 0.0009 0.0077 0.0004 0.004 0.0002 0.116 0.0055 6171.84 132.7574 | 0.0000 34
123 LQP_35 LQP 35 0.9299 0.9243 0.0007 0.0077 0.0004 0.012 0.0007 0.108 0.0025 6181.15 142.0691 0.0000 23
124 LQPT_35 LQPT 3.5 0.9299 0.9243 0.0007 0.0077 0.0004 0.012 0.0007 0.108 0.0025 6181.15 142.0691 0.0000 23
125 LQPTC 3.5 | LQPTC 3.5 0.9299 0.9243 0.0007 0.0077 0.0004 0.012 0.0007 0.108 0.0025 6181.15 142.0691 0.0000 23
139 LQP_4 LQP 4 0.926 0.9204 0.0007 0.0081 0.0004 0.008 0.0006 0.112 0.0024 6205.72 166.6321 0.0000 22
140 LQPT_4 LQPT 4 0.926 0.9204 0.0007 0.0081 0.0004 0.008 0.0006 0.112 0.0024 6205.72 166.6321 0.0000 22
141 LQPTC 4 LQPTC 4 0.926 0.9204 0.0007 0.0081 0.0004 0.008 0.0006 0.112 0.0024 6205.72 166.6321 0.0000 22
105 HQC_3 HQC 3 0.9428 0.9330 0.0013 0.0087 0.0009 0.004 0.0002 0.136 0.0047 6217.80 178.7164 | 0.0000 64
89 HQC 25 HQC 2.5 0.9503 0.9405 0.0012 0.0088 0.0008 0.004 0.0002 0.14 0.0040 6219.10 180.0154 | 0.0000 79
155 LQP_4.5 LQP 4.5 0.9227 0.9170 0.0007 0.0079 0.0003 0.008 0.0006 0.132 0.0018 6227.21 188.1217 0.0000 22
156 LQPT_45 LQPT 4.5 0.9227 0.9170 0.0007 0.0079 0.0003 0.008 0.0006 0.132 0.0018 6227.21 188.1217 0.0000 22
157 LQPTC_45 | LQPTC 4.5 0.9227 0.9170 0.0007 0.0079 0.0003 0.008 0.0006 0.132 0.0018 6227.21 188.1217 0.0000 22
84 H_25 H 2.5 0.9507 0.9394 0.0014 0.0102 0.0011 0.008 0.0003 0.136 0.0043 6241.49 202.4093 | 0.0000 82
88 HC 25 HC 2.5 0.9507 0.9394 0.0014 0.0102 0.0011 0.008 0.0003 0.136 0.0043 6241.49 202.4093 | 0.0000 82
121 HQC_3.5 HQC 3.5 0.9353 0.9266 0.0011 0.0081 0.0009 0.004 0.0002 0.128 0.0056 6242.02 202.9402 0.0000 53
171 LQP_5 LQP 5 0.9194 0.9137 0.0007 0.0083 0.0003 0.008 0.0006 0.116 0.0019 6245.97 206.8892 0.0000 21
172 LQPT_5 LQPT 5 0.9194 0.9137 0.0007 0.0083 0.0003 0.008 0.0006 0.116 0.0019 6245.97 206.8892 0.0000 21
173 LQPTC 5 LQPTC 5 0.9194 0.9137 0.0007 0.0083 0.0003 0.008 0.0006 0.116 0.0019 6245.97 206.8892 0.0000 21
100 H_3 H 3 0.9435 0.9332 0.0015 0.0099 0.0012 0.004 0.0002 0.128 0.0038 6256.18 217.0997 0.0000 71
104 HC 3 HC 3 0.9435 0.9332 0.0015 0.0099 0.0012 0.004 0.0002 0.128 0.0038 6256.18 217.0997 0.0000 71
116 H_35 H 3.5 0.9372 0.9266 0.0017 0.0103 0.0013 0.004 0.0002 0.128 0.0074 6262.88 223.7926 | 0.0000 57
120 HC 35 HC 3.5 0.9372 0.9266 0.0017 0.0103 0.0013 0.004 0.0002 0.128 0.0074 6262.88 223.7926 | 0.0000 57
153 HQC_4.5 HQC 45 0.9262 0.9169 0.0011 0.0082 0.0008 0.004 0.0002 0.12 0.0028 6266.70 227.6164 | 0.0000 36
137 HQC 4 HQC 4 0.9299 0.9213 0.0011 0.0080 0.0009 0.004 0.0002 0.116 0.0030 6267.12 228.0405 | 0.0000 47
78 HQP_2 HQP 0.9688 0.9623 0.0002 0.0057 0.0002 0.004 0.0002 0.152 0.0024 6268.91 229.8241 0.0000 84
79 HQPT_2 HQPT 2 0.9688 0.9623 0.0002 0.0057 0.0002 0.004 0.0002 0.152 0.0024 6268.91 229.8241 0.0000 84
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80 HQPTC 2 HQPTC 2 0.9688 0.9623 0.0002 0.0057 0.0002 0.004 0.0002 0.152 0.0024 6268.91 229.8241 0.0000 84
187 LQP_55 LQP 55 0.915 0.9093 0.0008 0.0086 0.0003 0.004 0.0002 0.124 0.0034 6272.22 233.1318 | 0.0000 21
188 LQPT_55 LQPT 55 0.915 0.9093 0.0008 0.0086 0.0003 0.004 0.0002 0.124 0.0034 6272.22 233.1318 | 0.0000 21
189 LQPTC 55 | LQPTC 55 0.915 0.9093 0.0008 0.0086 0.0003 0.004 0.0002 0.124 0.0034 6272.22 233.1318 | 0.0000 21
203 LQP_6 LQP 6 0.9119 0.9063 0.0009 0.0086 0.0004 0.004 0.0002 0.124 0.0034 6284.14 245.0570 | 0.0000 18
204 LQPT_6 LQPT 6 0.9119 0.9063 0.0009 0.0086 0.0004 0.004 0.0002 0.124 0.0034 6284.14 245.0570 | 0.0000 18
205 LQPTC_6 LQPTC 6 0.9119 0.9063 0.0009 0.0086 0.0004 0.004 0.0002 0.124 0.0034 6284.14 245.0570 | 0.0000 18
169 HQC_5 HQC 5 0.9208 0.9117 0.0012 0.0082 0.0008 0.004 0.0002 0.116 0.0030 6287.32 248.2381 0.0000 35
132 H_4 H 4 0.9309 0.9196 0.0017 0.0100 0.0012 0.004 0.0002 0.128 0.0074 6295.48 256.3955 | 0.0000 52
136 HC 4 HC 4 0.9309 0.9196 0.0017 0.0100 0.0012 0.004 0.0002 0.128 0.0074 6295.48 256.3955 | 0.0000 52
185 HQC 55 HQC 5.5 0.9162 0.9067 0.0013 0.0083 0.0008 0.004 0.0002 0.104 0.0026 6295.91 256.8265 | 0.0000 31
148 H_45 H 4.5 0.9228 0.9141 0.0016 0.0091 0.0013 0.004 0.0002 0.12 0.0082 6308.35 269.2630 | 0.0000 43
152 HC 45 HC 4.5 0.9228 0.9141 0.0016 0.0091 0.0013 0.004 0.0002 0.12 0.0082 6308.35 269.2630 | 0.0000 43
35 P_1 P 1 0.9145 0.9072 0.0008 0.0087 0.0006 0.012 0.0007 0.128 0.0021 6311.53 2724458 | 0.0000 23
164 H_5 H 0.918 0.9105 0.0019 0.0087 0.0017 0.004 0.0002 0.128 0.0074 6311.64 272.5577 0.0000 36
168 HC 5 HC 5 0.918 0.9105 0.0019 0.0087 0.0017 0.004 0.0002 0.128 0.0074 6311.64 272.5577 0.0000 36
3 P_0.1 P 0.1 0.9148 0.9088 0.0008 0.0085 0.0007 0.012 0.0007 0.136 0.0022 6313.09 274.0104 | 0.0000 28
19 P_05 P 0.5 0.9153 0.9086 0.0009 0.0086 0.0007 0.008 0.0003 0.128 0.0014 6316.88 277.7956 | 0.0000 25
201 HQC_6 HQC 6 0.9112 0.9022 0.0013 0.0083 0.0008 0.008 0.0003 0.108 0.0025 6323.12 284.0320 | 0.0000 33
180 H_55 H 55 0.9158 0.9079 0.0019 0.0084 0.0017 0.004 0.0002 0.144 0.0097 6323.32 284.2331 0.0000 34
184 HC 55 HC 55 0.9158 0.9079 0.0019 0.0084 0.0017 0.004 0.0002 0.144 0.0097 6323.32 284.2331 0.0000 34
51 P_15 P 1.5 0.912 0.9056 0.0009 0.0089 0.0005 0.008 0.0003 0.136 0.0011 6324.77 285.6856 | 0.0000 24
73 HQC_2 HQC 2 0.9564 0.9476 0.0009 0.0084 0.0006 0.008 0.0003 0.136 0.0029 6328.80 289.7137 0.0000 93
196 H_6 H 6 0.9132 0.9047 0.0021 0.0084 0.0018 0.004 0.0002 0.108 0.0039 6337.91 298.8219 0.0000 33
200 HC 6 HC 6 0.9132 0.9047 0.0021 0.0084 0.0018 0.004 0.0002 0.108 0.0039 6337.91 298.8219 0.0000 33
67 P_2 P 2 0.9105 0.9028 0.0010 0.0095 0.0005 0.004 0.0002 0.128 0.0014 6342.19 303.1067 0.0000 24
83 P_25 P 2.5 0.9073 0.9008 0.0010 0.0092 0.0004 0.004 0.0002 0.128 0.0010 6351.45 312.3667 0.0000 21
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99 P_3 P 3 0.9058 0.8993 0.0010 0.0092 0.0004 0.004 0.0002 0.116 0.0009 6352.73 313.6451 0.0000 19
68 H_2 H 0.9566 0.9463 0.0011 0.0097 0.0008 0.008 0.0003 0.132 0.0032 6355.60 316.5160 | 0.0000 97
72 HC 2 HC 0.9566 0.9463 0.0011 0.0097 0.0008 0.008 0.0003 0.132 0.0032 6355.60 316.5160 | 0.0000 97
115 P_35 P 3.5 0.9045 0.8983 0.0010 0.0091 0.0004 0.004 0.0002 0.108 0.0018 6356.95 317.8649 0.0000 19
131 P_4 4 0.9028 0.8966 0.0011 0.0093 0.0004 0.004 0.0002 0.108 0.0022 6363.32 324.2378 | 0.0000 19
147 P_45 4.5 0.9015 0.8952 0.0011 0.0093 0.0004 0.004 0.0002 0.108 0.0029 6364.38 325.3006 | 0.0000 17
21 LQ_0.5 LQ 0.5 0.8979 0.8924 0.0012 0.0085 0.0007 0.004 0.0002 0.124 0.0055 6364.71 325.6250 | 0.0000 13
5 LQ 0.1 LQ 0.1 0.8986 0.8930 0.0012 0.0082 0.0007 0.004 0.0002 0.124 0.0055 6364.81 325.7247 0.0000 14
37 LQ_1 LQ 1 0.8969 0.8921 0.0012 0.0080 0.0006 0.004 0.0002 0.116 0.0051 6366.54 327.4572 0.0000 12
163 P_5 P 5 0.9 0.8937 0.0011 0.0092 0.0004 0.004 0.0002 0.108 0.0029 6369.36 330.2741 0.0000 16
53 LQ_15 LQ 1.5 0.8953 0.8903 0.0012 0.0082 0.0006 0.004 0.0002 0.124 0.0041 6373.31 334.2268 | 0.0000 12
179 P_55 55 0.898 0.8921 0.0011 0.0093 0.0004 0.004 0.0002 0.112 0.0031 6377.52 338.4340 | 0.0000 16
195 P_6 0.8968 0.8904 0.0012 0.0095 0.0005 0.004 0.0002 0.108 0.0025 6381.58 342.4913 | 0.0000 15
69 LQ 2 LQ 0.8931 0.8877 0.0012 0.0083 0.0007 0.004 0.0002 0.124 0.0030 6385.78 346.6971 0.0000 13
85 LQ_25 LQ 2.5 0.8902 0.8852 0.0013 0.0084 0.0007 0.004 0.0002 0.12 0.0028 6394.92 355.8353 | 0.0000 12
101 LQ_3 LQ 3 0.8866 0.8822 0.0014 0.0083 0.0007 0.004 0.0002 0.116 0.0030 6410.25 371.1644 | 0.0000 12
117 LQ_35 LQ 3.5 0.8837 0.8788 0.0015 0.0084 0.0008 0.004 0.0002 0.132 0.0018 6420.63 381.5451 | 0.0000 11
133 LQ 4 LQ 4 0.8801 0.8756 0.0016 0.0084 0.0009 0.004 0.0002 0.132 0.0018 6436.44 397.3513 | 0.0000 11
149 LQ_45 LQ 45 0.8777 0.8728 0.0017 0.0085 0.0009 0.004 0.0002 0.132 0.0007 6445.72 406.6360 | 0.0000 10
165 LQ 5 LQ 5 0.8753 0.8704 0.0019 0.0087 0.0010 0.004 0.0002 0.128 0.0017 6455.22 416.1398 | 0.0000 10
181 LQ_55 LQ 55 0.8724 0.8678 0.0021 0.0091 0.0010 0.004 0.0002 0.124 0.0005 6466.38 427.2935 | 0.0000 10
197 LQ 6 LQ 6 0.8703 0.8658 0.0022 0.0093 0.0010 0.004 0.0002 0.108 0.0007 6471.59 432.5109 0.0000 9
98 Q.3 Q 3 0.8533 0.8498 0.0038 0.0116 0.0016 0.004 0.0002 0.096 0.0018 6540.53 501.4437 0.0000 6
103 TQ_3 TQ 3 0.8533 0.8498 0.0038 0.0116 0.0016 0.004 0.0002 0.096 0.0018 6540.53 501.4437 0.0000 6
106 TQ 3 TQ 3 0.8533 0.8498 0.0038 0.0116 0.0016 0.004 0.0002 0.096 0.0018 6540.53 501.4437 0.0000 6
114 Q_35 Q 3.5 0.8532 0.8498 0.0039 0.0116 0.0016 0.004 0.0002 0.1 0.0019 6540.84 501.7523 | 0.0000 6
119 TQ_ 3.5 TQ 3.5 0.8532 0.8498 0.0039 0.0116 0.0016 0.004 0.0002 0.1 0.0019 6540.84 501.7523 | 0.0000 6
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122 TQ_ 35 TQ 3.5 0.8532 0.8498 0.0039 0.0116 0.0016 0.004 0.0002 0.1 0.0019 6540.84 501.7523 | 0.0000 6
130 Q4 Q 4 0.8531 0.8497 0.0039 0.0117 0.0016 0.004 0.0002 0.1 0.0019 6541.19 502.1078 | 0.0000 6
135 TQ_4 TQ 4 0.8531 0.8497 0.0039 0.0117 0.0016 0.004 0.0002 0.1 0.0019 6541.19 502.1078 | 0.0000 6
138 TQ 4 TQ 4 0.8531 0.8497 0.0039 0.0117 0.0016 0.004 0.0002 0.1 0.0019 6541.19 502.1078 | 0.0000 6
34 Q1 Q 1 0.8538 0.8499 0.0036 0.0116 0.0016 0.004 0.0002 0.088 0.0017 6541.36 502.2738 | 0.0000 7
39 TQ_1 TQ 1 0.8538 0.8499 0.0036 0.0116 0.0016 0.004 0.0002 0.088 0.0017 6541.36 502.2738 | 0.0000 7
42 TQ 1 TQ 1 0.8538 0.8499 0.0036 0.0116 0.0016 0.004 0.0002 0.088 0.0017 6541.36 502.2738 | 0.0000 7
146 Q_45 Q 4.5 0.853 0.8496 0.0040 0.0117 0.0016 0.004 0.0002 0.096 0.0015 6541.59 502.5105 | 0.0000 6
151 TQ_ 4.5 TQ 4.5 0.853 0.8496 0.0040 0.0117 0.0016 0.004 0.0002 0.096 0.0015 6541.59 502.5105 | 0.0000 6
154 TQ_45 TQ 4.5 0.853 0.8496 0.0040 0.0117 0.0016 0.004 0.0002 0.096 0.0015 6541.59 502.5105 | 0.0000 6
50 Q.15 Q 1.5 0.8537 0.8499 0.0037 0.0116 0.0016 0.004 0.0002 0.088 0.0017 6541.60 502.5135 | 0.0000 7
55 TQ_15 TQ 15 0.8537 0.8499 0.0037 0.0116 0.0016 0.004 0.0002 0.088 0.0017 6541.60 502.5135 | 0.0000 7
58 TQ 15 TQ 1.5 0.8537 0.8499 0.0037 0.0116 0.0016 0.004 0.0002 0.088 0.0017 6541.60 502.5135 | 0.0000 7
66 Q.2 Q 2 0.8536 0.8499 0.0037 0.0116 0.0016 0.004 0.0002 0.088 0.0017 6541.90 502.8132 0.0000 7
71 TQ_2 TQ 2 0.8536 0.8499 0.0037 0.0116 0.0016 0.004 0.0002 0.088 0.0017 6541.90 502.8132 0.0000 7
74 TQ 2 TQ 2 0.8536 0.8499 0.0037 0.0116 0.0016 0.004 0.0002 0.088 0.0017 6541.90 502.8132 0.0000 7
162 Q5 Q 5 0.8529 0.8495 0.0040 0.0117 0.0016 0.004 0.0002 0.096 0.0015 6542.04 502.9609 0.0000 6
167 TQ_5 TQ 5 0.8529 0.8495 0.0040 0.0117 0.0016 0.004 0.0002 0.096 0.0015 6542.04 502.9609 0.0000 6
170 TQ. 5 TQ 5 0.8529 0.8495 0.0040 0.0117 0.0016 0.004 0.0002 0.096 0.0015 6542.04 502.9609 0.0000 6
82 Q_25 Q 2.5 0.8534 0.8499 0.0038 0.0116 0.0016 0.004 0.0002 0.096 0.0022 6542.26 503.1722 0.0000 7
87 TQ_25 TQ 2.5 0.8534 0.8499 0.0038 0.0116 0.0016 0.004 0.0002 0.096 0.0022 6542.26 503.1722 0.0000 7
90 TQ 2.5 TQ 2.5 0.8534 0.8499 0.0038 0.0116 0.0016 0.004 0.0002 0.096 0.0022 6542.26 503.1722 0.0000 7
178 Q.55 Q 55 0.8527 0.8494 0.0041 0.0118 0.0016 0.004 0.0002 0.096 0.0015 6542.54 503.4589 0.0000 6
183 TQ_55 TQ 55 0.8527 0.8494 0.0041 0.0118 0.0016 0.004 0.0002 0.096 0.0015 6542.54 503.4589 0.0000 6
186 TQ 55 TQ 5.5 0.8527 0.8494 0.0041 0.0118 0.0016 0.004 0.0002 0.096 0.0015 6542.54 503.4589 0.0000 6
194 Q_6 Q 0.8526 0.8492 0.0042 0.0119 0.0017 0.004 0.0002 0.096 0.0015 6543.09 504.0051 0.0000 6
199 TQ_6 TQ 6 0.8526 0.8492 0.0042 0.0119 0.0017 0.004 0.0002 0.096 0.0015 6543.09 504.0051 0.0000 6
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202 TQ_6 TQ 6 0.8526 0.8492 0.0042 0.0119 0.0017 0.004 0.0002 0.096 0.0015 6543.09 504.0051 0.0000 6
2 Q0.1 Q 0.1 0.854 0.8500 0.0036 0.0116 0.0016 0.004 0.0002 0.096 0.0022 6543.14 504.0544 | 0.0000 8
7 TQ_0.1 TQ 0.1 0.854 0.8500 0.0036 0.0116 0.0016 0.004 0.0002 0.096 0.0022 6543.14 504.0544 | 0.0000 8
10 TQ_ 0.1 TQ 0.1 0.854 0.8500 0.0036 0.0116 0.0016 0.004 0.0002 0.096 0.0022 6543.14 504.0544 | 0.0000 8
18 Q_05 Q 0.5 0.8539 0.8500 0.0036 0.0116 0.0016 0.004 0.0002 0.096 0.0022 6543.30 504.2182 0.0000 8
23 TQ_05 TQ 0.5 0.8539 0.8500 0.0036 0.0116 0.0016 0.004 0.0002 0.096 0.0022 6543.30 504.2182 0.0000 8
26 TQ 0.5 TQ 0.5 0.8539 0.8500 0.0036 0.0116 0.0016 0.004 0.0002 0.096 0.0022 6543.30 504.2182 0.0000 8
113 L_35 L 3.5 0.8489 0.8445 0.0031 0.0112 0.0016 0.004 0.0002 0.12 0.0025 6550.15 511.0634 | 0.0000 7
118 LC 3.5 LC 3.5 0.8489 0.8445 0.0031 0.0112 0.0016 0.004 0.0002 0.12 0.0025 6550.15 511.0634 | 0.0000 7
129 L 4 L 4 0.8487 0.8444 0.0032 0.0113 0.0016 0.004 0.0002 0.128 0.0031 6550.64 511.5520 | 0.0000 7
134 LC 4 LC 4 0.8487 0.8444 0.0032 0.0113 0.0016 0.004 0.0002 0.128 0.0031 6550.64 511.5520 | 0.0000 7
193 L_6 L 6 0.8481 0.8441 0.0033 0.0115 0.0016 0.004 0.0002 0.096 0.0029 6551.08 511.9912 0.0000 6
198 LC_6 LC 6 0.8481 0.8441 0.0033 0.0115 0.0016 0.004 0.0002 0.096 0.0029 6551.08 511.9912 0.0000 6
145 L_45 L 4.5 0.8486 0.8443 0.0032 0.0113 0.0016 0.004 0.0002 0.116 0.0037 6551.20 512.1121 0.0000 7
150 LC_45 LC 4.5 0.8486 0.8443 0.0032 0.0113 0.0016 0.004 0.0002 0.116 0.0037 6551.20 512.1121 0.0000 7
33 L 1 L 1 0.8496 0.8453 0.0030 0.0107 0.0016 0.004 0.0002 0.112 0.0021 6551.26 512.1747 0.0000 8
38 LC 1 LC 1 0.8496 0.8453 0.0030 0.0107 0.0016 0.004 0.0002 0.112 0.0021 6551.26 512.1747 0.0000 8
49 L 15 L 1.5 0.8495 0.8451 0.0030 0.0108 0.0016 0.004 0.0002 0.108 0.0018 6551.27 512.1892 0.0000 8
54 LC_15 LC 15 0.8495 0.8451 0.0030 0.0108 0.0016 0.004 0.0002 0.108 0.0018 6551.27 512.1892 0.0000 8
17 L_05 L 0.5 0.8498 0.8455 0.0030 0.0105 0.0015 0.004 0.0002 0.108 0.0025 6551.31 512.2308 | 0.0000 8
22 LC_05 LC 0.5 0.8498 0.8455 0.0030 0.0105 0.0015 0.004 0.0002 0.108 0.0025 6551.31 512.2308 | 0.0000 8
65 L 2 L 0.8494 0.8450 0.0030 0.0109 0.0016 0.004 0.0002 0.104 0.0018 6551.39 512.3100 | 0.0000 8
70 LC_2 LC 2 0.8494 0.8450 0.0030 0.0109 0.0016 0.004 0.0002 0.104 0.0018 6551.39 512.3100 | 0.0000 8
1 L 0.1 L 0.1 0.8499 0.8456 0.0030 0.0104 0.0015 0.004 0.0002 0.112 0.0028 6551.45 512.3626 | 0.0000 8
6 LC_ 0.1 LC 0.1 0.8499 0.8456 0.0030 0.0104 0.0015 0.004 0.0002 0.112 0.0028 6551.45 512.3626 | 0.0000 8
81 L 25 L 2.5 0.8493 0.8449 0.0031 0.0110 0.0016 0.004 0.0002 0.1 0.0019 6551.60 5125150 | 0.0000 8
86 LC_25 LC 2.5 0.8493 0.8449 0.0031 0.0110 0.0016 0.004 0.0002 0.1 0.0019 6551.60 512.5150 | 0.0000 8

197




Supplementary Tables

161 L5 L 5 0.8484 0.8442 0.0032 0.0114 0.0016 0.004 0.0002 0.1 0.0033 6551.84 512.7571 0.0000 7
166 LC_5 LC 5 0.8484 0.8442 0.0032 0.0114 0.0016 0.004 0.0002 0.1 0.0033 6551.84 512.7571 0.0000 7
97 L3 L 3 0.8491 0.8447 0.0031 0.0111 0.0016 0.004 0.0002 0.108 0.0014 6551.89 512.8081 0.0000 8
102 LC_3 LC 3 0.8491 0.8447 0.0031 0.0111 0.0016 0.004 0.0002 0.108 0.0014 6551.89 512.8081 0.0000 8
177 L 55 L 55 0.8482 0.8442 0.0032 0.0115 0.0016 0.004 0.0002 0.1 0.0033 6552.56 513.4719 0.0000 7
182 LC 55 LC 55 0.8482 0.8442 0.0032 0.0115 0.0016 0.004 0.0002 0.1 0.0033 6552.56 513.4719 0.0000 7
62 HQP_1.5 HQP 1.5 0.9744 0.9665 0.0002 0.0061 0.0003 0.008 0.0003 0.14 0.0033 6677.11 638.0266 | 0.0000 103
63 HQPT_1.5 HQPT 15 0.9744 0.9665 0.0002 0.0061 0.0003 0.008 0.0003 0.14 0.0033 6677.11 638.0266 | 0.0000 103
64 HQPTC 1.5 | HQPTC | 1.5 0.9744 0.9665 0.0002 0.0061 0.0003 0.008 0.0003 0.14 0.0033 6677.11 638.0266 | 0.0000 103
46 HQP_1 HQP 1 0.9765 0.9706 0.0004 0.0061 0.0003 0.004 0.0002 0.128 0.0074 6799.24 760.1562 0.0000 111
47 HQPT_1 HQPT 1 0.9765 0.9706 0.0004 0.0061 0.0003 0.004 0.0002 0.128 0.0074 6799.24 760.1562 0.0000 111
48 HQPTC 1 HQPTC 1 0.9765 0.9706 0.0004 0.0061 0.0003 0.004 0.0002 0.128 0.0074 6799.24 760.1562 0.0000 111
57 HQC_15 HQC 1.5 0.9626 0.9533 0.0008 0.0087 0.0006 0.004 0.0002 0.132 0.0046 6803.77 764.6811 0.0000 113
52 H_15 H 15 0.9644 0.9544 0.0008 0.0088 0.0006 0.004 0.0002 0.14 0.0047 6841.65 802.5637 0.0000 117
56 HC_15 HC 1.5 0.9644 0.9544 0.0008 0.0088 0.0006 0.004 0.0002 0.14 0.0047 6841.65 802.5637 0.0000 117
36 H_1 H 1 0.9693 0.9623 0.0010 0.0083 0.0007 0 0.0000 0.14 0.0051 7001.26 962.1772 0.0000 129
40 HC_1 HC 1 0.9693 0.9623 0.0010 0.0083 0.0007 0 0.0000 0.14 0.0051 7001.26 962.1772 0.0000 129
41 HQC_1 HQC 1 0.9684 0.9614 0.0011 0.0087 0.0008 0 0.0000 0.152 0.0060 7075.89 | 1036.8024 | 0.0000 138
30 HQP_0.5 HQP 0.5 0.9757 0.9677 0.0010 0.0090 0.0008 0.008 0.0003 0.124 0.0030 7216.96 | 1177.8755 | 0.0000 148
31 HQPT_0.5 HQPT 0.5 0.9757 0.9677 0.0010 0.0090 0.0008 0.008 0.0003 0.124 0.0030 7216.96 | 1177.8755 | 0.0000 148
32 HQPTC 0.5 | HQPTC | 0.5 0.9757 0.9677 0.0010 0.0090 0.0008 0.008 0.0003 0.124 0.0030 7216.96 | 1177.8755 | 0.0000 148
20 H_0.5 H 0.5 0.9701 0.9601 0.0014 0.0104 0.0013 0.008 0.0003 0.14 0.0029 7244.74 | 1205.6511 | 0.0000 141
24 HC_0.5 HC 0.5 0.9701 0.9601 0.0014 0.0104 0.0013 0.008 0.0003 0.14 0.0029 724474 | 1205.6511 | 0.0000 141
25 HQC_0.5 HQC 0.5 0.9696 0.9606 0.0013 0.0101 0.0012 0.012 0.0004 0.14 0.0058 7497.19 | 1458.1048 | 0.0000 155
9 HQC_0.1 HQC 0.1 0.9605 0.6956 0.2614 0.0191 0.0054 0 0.0000 0.036 0.0044 9626.05 | 3586.9652 | 0.0000 206
14 HQP_0.1 HQP 0.1 0.9677 0.7521 0.3240 0.0203 0.0058 0.004 0.0002 0.044 0.0041 10057.97 | 4018.8861 | 0.0000 214
15 HQPT_0.1 HQPT 0.1 0.9677 0.7521 0.3240 0.0203 0.0058 0.004 0.0002 0.044 0.0041 10057.97 | 4018.8861 | 0.0000 214
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16 HQPTC_0.1 | HQPTC 0.1 0.9677 0.7521 0.3240 0.0203 0.0058 0.004 0.0002 0.044 0.0041 10057.97 | 4018.8861 | 0.0000 214
4 H_0.1 H 0.1 0.9287 0.6754 0.2259 0.0185 0.0069 0 0.0000 0.016 0.0011 NA NA NA 179
8 HC 0.1 HC 0.1 0.9287 0.6754 0.2259 0.0185 0.0069 0 0.0000 0.016 0.0011 NA NA NA 179
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Table S3.2 AUC values of environmental variables for individual population models
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- AUC _ AUC with _ _ _ _
Population Training Test Standard AUC with _ only . AUC Wlth AUC Wlth AUC Wlth AUC VYIth Entropy
AUC AUC __ only Cult_T [Soil_Organic| only biol5 | only biol6 | only biol7 only bio6
Deviation
Carbon

Adane 0.9887 0.9931 0.0007 0.9268 0.9862 0.5 0.8162 0.9585 0.9577 7.4064
AlfaMidir 0.9994 0.999 0.0002 0.958 0.9592 0.6191 0.8831 0.9855 0.9952 45331
Am_shi 0.9986 0.998 0.0003 0.8124 0.8762 0.5588 0.9915 0.8939 0.9612 5.0265
Arabo 0.9838 0.9849 0.0021 0.9318 0.8278 0.9225 0.9894 0.9964 0.7011 7.3832
Ashuda 0.9982 0.9983 0.0003 0.9815 0.9366 0.6337 0.9646 0.9791 0.9149 5.1076
Batambie 0.9899 0.9891 0.001 0.8727 0.9062 0.4944 0.9755 0.9748 0.9004 6.3433
BekeleGirissa 0.9959 0.9949 0.0005 0.9854 0.6556 0.9296 0.9958 0.9866 0.7841 7.1866
Dikuli 0.9992 0.9989 0.0005 0.9889 0.9435 0.6142 0.9613 0.9601 0.9183 4.8128
Gafera 0.9988 0.9994 0.0002 0.8386 0.8756 0.7604 0.996 0.9187 0.9683 4.4546
Gesses 0.9995 0.9996 0.0001 0.995 0.8481 0.6142 0.9985 0.7954 0.6927 3.8396
Gijet 0.9995 0.9996 0.0001 0.9237 0.6979 0.9979 0.9906 0.9673 0.8711 4.2835
HadushAdi 0.9689 0.9722 0.0018 0.8618 0.8315 0.8145 0.9754 0.8 0.7369 7.925
Hugub 0.9945 0.9893 0.0035 0.9849 0.775 0.7424 0.7583 0.9664 0.5 7.6898
Jarso 0.9948 0.9948 0.0005 0.861 0.871 0.8084 0.9771 0.9786 0.7348 6.8453
Kido 0.9972 0.9984 0.0003 0.8706 0.6619 0.5992 0.9968 0.9673 0.685 5.2794
Kumato 0.9869 0.9865 0.0008 0.9814 0.9762 0.9383 0.6641 0.9453 0.7641 7.5567
LocalHorro 0.9919 0.9916 0.0036 0.9331 0.9053 0.5117 0.946 0.7897 0.8882 6.9746
Loya 0.9984 0.9936 0.0022 0.9837 0.8806 0.9208 0.9774 0.9008 0.9025 6.1841
Meseret 0.9995 0.9995 0.0002 0.936 0.7707 0.9935 0.9947 0.8231 0.92 4.049
Metkilimat 0.997 0.9964 0.001 0.8738 0.7316 0.9829 0.9868 0.8231 0.7141 6.5701
Mihquan 0.9754 0.9722 0.0034 0.8297 0.8338 0.7749 0.959 0.9559 0.6722 7.496
NegasiAmba 0.996 0.9967 0.0009 0.8416 0.6946 0.6385 0.862 0.9772 0.9893 5.6731
ShubiGemo 0.9981 0.9979 0.0003 0.9769 0.716 0.8211 0.9895 0.9949 0.7788 6.4751
Surta 0.9988 0.9989 0.0002 0.8082 0.9176 0.5862 0.9946 0.9237 0.962 4.7008
TsionTeguaz 0.9958 0.9955 0.0006 0.8317 0.6973 0.8117 0.8699 0.9908 0.6784 6.2425
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Table S4.1. Environmental data for six selected agro-climatic variables (selected by ENM approach) for 25 Ethiopian village chicken

Supplementary Tables

populations. (Values presented are average and deviation standard calculated across 10 geographic points for each population)

Population minTemp precSeasonality precWQ precDQ SoilOrgC LandUse
(°O) (mm/m?) (mm/m?) (mm/m?) (9/Kg) (%)
Adane 53+1.6 90.1+3.9 653.7 + 20.39 73.8+10.89 148.5+6.1 37.9+0.33
AlfaMidir 0.8+0.18 104.6 £ 0.52 788.9 + 3.81 49 + 0.67 143.1 £ 8.08 40.6 £ 0.99
AmeshaShinkuri 5.09 £ 0.22 86.6 £ 1.51 1060 + 14.45 85+7.79 128.3 £ 3.53 32.92+0.71
Arabo 11.02 +0.11 84.20 £ 0.42 516 + 7.42 73 +0.67 121.8 + 6.68 38.16 £ 0.13
Ashuda 7.9+1.29 106.7 + 0.67 975+ 1.63 23.90+1.29 139.3+7.53 13.07 £ 0.86
Batambie 7.33+£0.12 92.9+£0.88 1000.8 +1.99 46.5 + 2.07 131.4 £ 3.34 29.26 + 2.03
BekeleGirissa 9.8 +0.00 70 £ 0.67 430.1+4.01 39.1+0.32 108 + 3.33 14.96 £ 0.79
Dikuli 6.87£1.7 103.9+0.74 965.6 +2.41 25.6 £ 1.58 139.6 +£4.33 10.17 £ 0.58
Gafera 5.04 £ 0.15 85.5+1.08 1067.2 +9.38 90.1 +5.09 128.8 +3.22 34.36 £ 0.38
Gesses 11.17+0.6 104.1+0.88 1111.2 + 8.56 12.70 + 3.53 125.6 +5.25 0.26 £ 0.02
Gijet 8.11 +0.68 143.6 +1.84 502.3 +4.42 9.0+ 1.05 111.6 £3.6 37.81+0.43
HadushAdi 10.74 £ 0.65 108.6 + 4.27 443.6 + 13.06 41.0+7.07 108.0 £ 3.4 35.02+0.71
Hugub 13.53 £ 0.24 72.9+1.79 278.5 +19.57 38.4+3.78 97.9 +£6.38 25.04 +1.39
Jarso 10.38 £ 0.72 649+1.2 349.6 + 16.87 38.1+1.45 129.4 + 3.89 34.95 +0.32
Kido 11.71 +0.27 103.10 £ 0.57 1068.20 + 8.51 106 +1.71 117.90 + 10.99 2.31+1.86
Kumato 9.86 +£0.98 49.60 £1.51 466.70 + 46.97 108.00 + 6.93 78.10 +6.94 26.03+0.73
Horro 7.64+£0.74 92.0+1.83 924.0 + 45.17 38.60 + 10.32 131.40+5.74 38.31+0.82
Loya 7.49+0.13 50.90 + 0.57 547.30 £ 7.57 125.90 + 1.37 65.30 + 15.71 23.99 £ 0.58
Meseret 6.72+0.14 138.7 + 1.49 419.6 £1.43 9.90+0.32 116.0+2.0 38.51 +1.62
Metkilimat 10.55+0.74 136.9+2.96 480.7 £ 8.43 19.6 + 4.33 111.0+2.91 29.19+2.05
Mihquan 11.8+0.26 99.80 + 2.86 412.0 + 10.23 54.30 +4.88 110.10 +5.15 33.89+£0.33
NegasiAmba 2.85+0.21 106.90 751.3 +4.47 43.2+0.42 111.7 £ 2.06 34.45+0.32
ShubiGemo 9.90+0.00 72.8+0.79 427.1 +£3.93 36.8+0.42 110.0+2.11 9.72+0.76
Surta 5.09+£0.20 85.5+0.85 1064.9 + 7.68 94.1+4.61 133.7+7.32 35.17 +2.88
TzionTeguaz 11.29 +0.19 121.6+0.70 7675+ 1.65 11.3+0.82 105.7 £ 6.72 34.22 £2.17
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Table S4.2a. Candidate selection signature regions and overlapping genes detected from analyses of the minimum temperature of the coldest month
(minTemp). (SSR_ID: selection signature regions ID as chromosome:start_stop position. DD: directionality of selection)

no. of

absolute

no. of

size | detection SNPs per value of SNPs W:;?Bgd ZI_:st per _
SSR_ID DD | XP-EHH mean per Fst ; window Overlapping genes
(kb) | method . : window
window | XP-EHH_std | window (range)
(range)
(range) (range) (range)
chr1:430000 450000 20 | xp-ehh low 98 - 98 3.34-3.34 384 -384 | 0.08-0.08 0.8-0.8
chr1:460000 510000 50 | xp-ehh low 98 - 137 3.25-3.42 437-509 | 0.15-0.2 2.16 -3.21 | ENSGALG00000033919
chr1:8920000 8990000 70 | xp-ehh high 57-119 3.08 - 3.18 106 -201 | 0.07-0.18 0.41-2.74 | SEMA3D
chr1:27520000 27540000 20 | fst low 139-139 1.19-1.19 205 - 205 0.3-0.3 5.38-5.38 | IMMP2L
chr1:37160000 37190000 30 | fst low 138 - 147 1.86-2.03 184 -195 | 0.37-0.38 6.78 - 6.99 | ENSGALG00000052790 (LncRNA)
chr1:37610000 37640000 30 | xp-ehh high 157 - 167 3.12-3.18 317 -358 | 0.07-0.07 0.46 - 0.5
ENSGALG00000046744 (LncRNA),
chr1:49840000_50020000 180 | xp-ehh low 100 - 259 3.22 - 3.89 197-395 | 0.12-0.23 1.48-3.93 | gga-mir-1683 (MiRNA), MRTFA,
RBX1, SLC25A17, ST13, XPNPEP3
chr1:50030000 50060000 30 | xp-ehh low 139 - 164 3.23-3.37 242 -264 | 0.16-0.18 241-2.82 | MRTFA
chr1:56010000 56060000 50 | xp-ehh low 113-178 3.01-3.49 241-319 | 0.19-0.25 2.99-4.32 | HIPK2
chr1:56180000 56250000 70 | xp-ehh low 218-335 3.13-332 [336-502 | 0.12-0.22 | 1.51-3.64 | ENSGALG00000012796
chr1:77820000 77840000 20 | xp-ehh high 278 - 278 3.11-311 373-373 ] 0.12-0.12 156-156 | COPS7A, MLF2
chr1:97180000 97220000 40 | xp-ehh low 71-92 3.02-3.14 142-224 | 0.15-0.24 | 2.13-4.06 | ENSGALG00000051825 (LncRNA)
Chr1:109000000_109120000 | 120 | xp-ehh | low | 96-158 | 33-413 | 231-203 | 015-024 | 216-409 | S0 -G00000050080 (LncRNA)
Chr1:109130000_109150000 | 20 | xpehh | low | 116-116 | 306-306 |290-290 | 0.18-018 | 29-29 | Cno>ALG00000050080 (LncRNA)
ENSGALG00000049718 (LncRNA),
chr1:109430000_109540000 | 110 | xp-ehh low 106 - 260 3.08-346 |237-386| 0.14-0.23 | 1.96-3.91 | ENSGALG00000049863 (LNCRNA),
IGSF5, PCP4
chr1:109620000 109640000 | 20 | xp-ehh low 155 -155 3.01-3.01 271-271 | 0.18-0.18 2.82-2.82 | DSCAM
DSCAM, ENSGALG00000042372
chr1:109760000_109800000 | 40 | xp-ehh low 145 -178 3-3.08 262-274 | 0.18-0.2 2.78 - 3.32 | (LncRNA),

ENSGALG00000052898 (LncRNA)
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DSCAM, ENSGALG00000042372

chr1:109810000_109830000 | 20 | xp-ehh low 158 - 158 3.02-3.02 | 262-262 | 0.23-0.23 4-4 (LncRNA),
ENSGALG00000052898 (LncRNA)
chr1:111010000_ 111030000 | 20 | fst low 262 - 262 2.58-258 |387-387 | 0.29-0.29 | 5.09-5.09 | ENSGALG00000016196

chr1:126080000_126100000 | 20 | xp-ehh high | 280 - 280 3.1-3.1 414 -414 | 0.06 - 0.06 0.2-0.2 MID1

chr1:126370000_126390000 | 20 | xp-ehh high | 235-235 3.05-3.05 |332-332 | 0.08-0.08 | 0.63-0.63 | SHROOMZ2

) . ASMTL, ENSGALG00000049423
chr1:130370000_130430000 | 60 | xp-ehh high | 163 -239 3.01-3.26 | 289-407 | 0.05-0.08 | 0.16-0.76 (LNcRNA), P2RY8

chr1:145470000_145500000 | 30 | xp-ehh low 212 - 243 3.11-3.19 |330-336 | 0.22-0.24 | 3.73-4.19 | PCCA

chr1:166170000_166190000 | 20 | fst low 101-101 0.33-0.33 151-151 | 0.31-0.31 | 5.49-549 | ENSGALG00000027756 (nCRNA)
chr1:186620000_ 186650000 | 30 | xp-ehh low 244 - 254 3.01-34 415-417 | 0.13-0.14 | 1.74-1.96

chr1:190110000_190130000 | 20 | fst low 154 - 154 0.39-0.39 303-303 | 0.34-0.34 | 6.28-6.28

chr1:195800000_195850000 | 50 | fst low 131 - 210 1.77-2.16 270-366 | 0.3-0.32 5.44 - 5.88 | ENSGALG00000030652, PGMZ2L1

chr1:196790000_196860000 | 70 | xp-ehh low 178 - 240 3.1-321 309-357 | 0.11-0.2 1.36-3.16 | GDPD5, KLHL35

chr1:196910000_196940000 | 30 | xp-ehh low 149 - 177 3.15-3.21 269-314 | 0.19-0.2 3.1-3.24 MAP6, MOGAT?2

ENSGALG00000031533,
ENSGALG00000052767,
ENSGALG00000053527,

low 104 - 194 2.3-3.02 149-394 | 0.27-041 | 4.66-7.61 | ENSGALG00000053623,
ENSGALG00000054014, HBBA,
HBBR, HBE, HBE1, OR51E2,
OR51M1, R52R1

xp-ehh /

chr1:197220000_197290000 | 70 fot

APBB1, CCKBR,
ENSGALG00000022704,
chr1:197370000_197420000 | 50 | xp-ehh low 97 - 176 3.26 - 3.88 315-413 | 0.24-0.26 | 4.07-4.48 FAM160A2, ENSGALG00000021748
(SnoRNA), ENSGALG00000021766
(SnoRNA), RPS11, SMPD1, TRIM3

ARFIP2, ENSGALG00000017336,
chr1:197430000_197470000 | 40 | xp-ehh low 114 - 137 3.01-4.24 309-351 | 0.17-0.25 | 2.57-4.33 ENSGALG00000042572,
ENSGALG00000048769, ILK, TRIM3

chr2:1210000_1240000 30 | xp-ehh low 200 - 232 3.02-3.18 475-480 | 0.07-0.09 | 0.48-0.97 | ENSGALG00000053636, GHRHR
chr2:4610000_4650000 40 | xp-ehh low 175 - 236 3.24-3.56 298-374 | 0.17-0.26 | 2.71-451 | CTDSPL, gga-mir-26a
chr2:5050000_5070000 20 | xp-ehh low 247 - 247 3.11-3.11 367-367 | 0.14-0.14 | 2.09-2.09 | XIRP1

chr2:42090000_42120000 30 | xp-ehh low 294 - 304 3-3.01 404-411 | 0.21-0.21 3.5-3.58 ENSGALG00000052910 (LncRNA)

chr2:42160000_42190000 30 | xp-ehh low 270 - 286 3.08-3.15 392-421 | 0.15-0.16 | 2.22-234 | ACPP
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ENSGALG00000036110 (LncRNA),

chr2:43430000_43550000 | 120 | xp-ehh | low | 149-206 | 3.04-327 |324-457 | 014-025 | 1.9-4.28 | ENSGALGO0000048965 (LNcRNA).
ENSGAL G00000053882
EIF1B, ENSGALG00000041372,
ENSGALG00000043381,

chr2:43920000 43960000 | 40 | xp-ehh | low | 206-262 | 316-33L |390-479 | 0.13-0.18 | 187-277 | oA e ton et
gga-mir-7457

chr2:49530000 49560000 | 30 | fst low | 97-123 | 0.96-009 | 166-196 | 0.31-031 | 553-5.63

chr2:49570000 49590000 | 20 | fst low | 55-55 | 1.02-1.02 | 109-109 | 0.31-0.31 | 5.61-5.61

chr2:58650000_58690000 | 40 | xp-ehh | high | 143-172 | 3.27-355 | 277-294 | 014-0.18 | 2-2.76 | ENSGALG00000048667 (LNcRNA)

chr2:60780000 60820000 | 40 | fst low | 6-55 | 017-075 | 143-148 | 03-039 | 543-7.27

chr2:68080000 68110000 | 30 | fst low | 195-242 | 1.22-142 | 330-393 | 0.33-0.34 | 6.07-6.32 | PHLPP1

chr2:77820000_ 77850000 | 30 | fst low | 23-49 | 098-1.03 |120-153 | 0.35-0.37 | 649-6.85 | ENSGALG00000050420,

- gga-mir-1613

chr2:127490000_127530000 | 40 ;ﬁdig'; (o |low | 158-166 | 301-332 | 252-260 | 021-032 | 3.43-574

chr2:130550000 130570000 | 20 | fst low | 60-60 | 068-068 | 86-86 | 03-03 | 529-529

chr3:36710000 36740000 | 30 | fst low | 47-90 | 07-166 |120-162 | 03-032 | 537-575 | CHRMI

chr3:36750000 36780000 | 30 | fst high | 60-79 | 049-069 | 159-159 | 0.31-0.31 | 553-5.66

_ ENSGALG00000051296 (LNcRNA),

chr3:43730000_43760000 | 30 | fst low | 121-140 | 18-196 |274-304 | 028-029 | 5.11-5.16 | Lol A,

chr3:60300000_60320000 | 20 |xp-ehh |low | 127-127 | 3.06-3.06 |249-249 | 011-011 | 1.46-1.46 EE%?@.GOOOOOOSIQ% (LncRNA),

chr3:68260000_68290000 | 30 | xp-ehh | high | 164-175 | 3.11-3.14 | 278-279 | 011-0.45 | 145-2.26 | ATG5

chr3:94720000_ 94760000 | 40 | xp-ehh | low | 144-170 | 3.16-3.19 | 221-254 | 0.14-0.18 | 1.9-2.89

chr3:96690000 96710000 | 20 | xp-ehh | high | 239-239 | 3.14-314 | 414-414 | 0.03-0.03 | -0.23--0.23 | ENSGALG00000048509 (LNcRNA)
ENSGALG00000050753,

chr3:107830000_107860000 | 30 | fst high | 93-140 | 0.26-027 |208-236| 0.29-03 | 512- 54 | ENSGALG00000053865 (LncRNA),
ENSGALG00000027879 (ncRNA)
ENSGALG00000047589,

chr3:108130000_108320000 | 190 | xp-ehh | low | 67-206 | 3.01-37 |150-362 | 0.13-0.26 | 1.76-4.52 | ENSGALG00000047869 (LNcRNA),
TFAP2B, TFAP2D

chr4:8010000_ 8040000 30 | xpehh | high | 140-154 | 3.13-322 | 308-322 | 0.12-012 | 1.47-158

chr4:14070000_14110000 | 40 | xp-ehh | low | 276-303 | 344-401 | 384-394 | 014-02 | 2-333 | ATGAA, ENSGALGO0000048179

chr4:25290000_ 25320000 | 30 | xp-ehh | high | 223-239 | 3.08-3.16 | 345-362 | 0.02- 0.04 | -0.52 - -0.05
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ENSGALG00000046699 (LncRNA),
ENSGALG00000048030 (LncRNA),

chr4:43410000_43510000 | 100 | fst low | 91-157 | 032-108 |111-204 | 0.28-043 | 5.06-807 | Ceou Goocsooantor rrenta)
ENSGALG00000052572 (LncRNA)
chr4:45270000_45300000 | 30 | xp-ehh | high | 208-212 | 3.34-353 | 296-317 | 0.05-007 | 0.12-083 | (i ENSCALCO0O00ISE
chr4:52710000_52730000 | 20 | fst low | 206-206 | 1.0-19 | 347-347 | 031-031 | 555-555 | ENSGALG00000052662 (LNcRNA)
chr4:63130000_63150000 | 20 | xpehh | low | 186-186 | 3.15-315 | 322-322 | 0.22-022 | 3.76-3.76 | CNOTZ MTMR?, VPS37A
chr4:63860000_64090000 | 230 | xp-ehh | low | 100-222 | 3.07-399 | 138-315 | 0.06-0.22 | 0.4-3.71 | gga-mir-383, SGCZ
chr4:65660000_65710000 | 50 | xpehh | low | 207-274 | 3.09-3.15 | 344-476 | 012-0.13 | 167-189 | LNXI
chr4:89590000_89610000 | 20 | fst low | 177-177 | 048-048 | 293-293 | 0.3-0.3 | 545-545 | ADAM33, ENSGALG00000044620
chr5:16420000_16440000 | 20 | fst low | 183-183 | 199-199 | 289-289 | 0.29-0.29 | 518-518
. ENSGALG00000007127,
Chr5:16900000_16930000 | 30 |xpehh | low | 225-275 | 301-303 | 326-432 | 0.24-026 | 417-444 | o\ ooaro0000000T2T
chr5:16940000_16980000 | 40 | fst low | 206-231 | 183-277 | 339-409 | 029-032 | 512-577 | FADS2 RAB3ILL
chr5:17180000_17210000 | 30 | fst low | 218-239 | 208-232 | 397-419 | 0.20-032 | 524-586 | Lol 0 o oCAHG00000007287,
CLP1, ENSGALGO0000007381,
_ xp-ehh _ _ _ _ _ RTNARL2, P2RX3]
chr5:17230000_17290000 | 60 | PEM | low | 119-193 | 304-345 | 212-345 | 0.26-032 | 458-574 | N2 EEOS o cims
SSRP1, TIMM10, YPEL4, ZDHHCS
_ _ _ _ _ _ _ ENSGALG00000051988 (LncRNA),
chr5:17530000_17580000 | 50 | xp-ehh | low | 121-152 | 317-388 |237-304 | 023-026 | 3s2-452 | DUl BIIIIILTS (OO0
chr5:34720000_34740000 | 20 | fst low | 189-189 | 175-175 | 266-266 | 029-029 | 525-525 | NUBPL
FANCM, FKBP3, PRPF39,
chr5:58940000_59000000 | 60 | xp-ehh | high | 180-262 | 3.36-402 | 256-416 | 0.02-008 | -0.58-0.73 | ENSGALGO0000025674 (SnoRNAY),
TOGARAM1
chr6:25320000_25360000 | 40 | xpehh | low | 250-320 | 3.03-308 | 369-424 | 022-024 | 364-4.05 | ENSGALG00000050593 (LncRNA)
<o ENSGALG00000049592 (LNCRNA),
chr6:27270000_27380000 | 110 | PEMM | iow | 163-258 | 305-398 | 231-360 | 015-03 | 23-539 | ENSGALGO0000051688 (LCRNA),
ENSGALG00000052216 (LNcRNA)
chr6:35040000_35090000 | 50 | xp-ehh | high | 228-323 | 3.2-3.99 | 382-467 | 0.02-0.08 | -0.58 - 0.64
chr6:36170000_36220000 | 50 | xpehh | high | 35-77 | 303-3.1 | 77-122 | 0.01-006 | -0.68-0.34 | INPP5A, NKX6-2
chr7:3300000_3330000 30 | xpehh | high | 344-371 | 3.03-312 | 537-548 | 0.03-004 | -0.3--0.12 | ERBBA
chr7:6750000_6780000 30 | fst low | 16-24 | 037-037 | 25-37 | 038-042 | 7.08-79 | COL6AL
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chr7:9030000_9050000 20 | fst low | 81-81 | 048-048 |138-138 | 0.31-0.31 | 5.66-5.66
chr8:22820000_22850000 | 30 | fst low | 106-120 | 131-132 | 139-175 | 0.3-032 | 549-571
chr8:23750000_23820000 | 70 | xp-ehh | high | 141-210 | 3.15-355 | 257-385 | 0.06-0.14 | 0.25-197 | BENDS
chr8:23870000_23890000 | 20 | xp-ehh | high | 226-226 | 3.01-3.01 | 397-397 | 0.06-0.06 | 0.35-035 | BENDS
chr8:24330000_24350000 | 20 | fst low | 132-132 | 150-150 | 273-273 | 032-032 | 58-58 | RNFLL
chr10:17810000_17830000 | 20 | fst low | 196-196 | 202-202 | 319-319 | 0.29-0.29 | 5.27-5.27
CHSY1, ENSGALG00000007248,
chr10:18040000_18070000 | 30 | xp-ehh | low | 173-183 | 326-35 |272-283 | 0.09-01 | 0.89-117 | pocie’ SR EN0S SNRPAL
chr10:18140000_18180000 | 40 | xpehh | low | 192-245 | 3.01-3.24 | 292-392 | 0.16-0.19 | 2.36-3.15 | ANKDDIA, CLPX, SPG2L
chr12:3100000_3130000 | 30 | xpehh | low | 245-260 | 3.49-3.63 | 416-43L | 02-0.23 | 3.35-3.8 | RAD54L2, RBMb
chr13:17070000_17100000 | 30 | xpehh | low | 215-224 | 3.06-3.16 | 337-371 | 0.12-0.14 | 153-191 | FSTL4
chr13:17120000_17140000 | 20 | xpehh | low | 244 - 244 3-3 | 418-418 | 0.09-0.09 | 0.86-0.86 | FSTL4
chr14:1620000_1640000 | 20 | xpehh | low | 120-120 | 3.01-3.01 | 257-257 | 0.24-024 | 4.12-412 | NPTX2
chr14:3930000_3980000 | 50 | fet low | 79-163 | 081-119 | 151-235] 0.29-043 | 5.25-8.16 | SDKL
chr14:4880000_4910000 30 | xp-ehh low 190 - 200 3-34 344-355 | 017-0.21 | 2.73-3.43 | MAP2K3
chr14:5120000 5180000 | 60 | xpehh | low | 168-251 | 3.2-356 | 322-372 | 0.19-0.21 | 3.09-342 | COPS3, FLCN, MEDY, NT5M, PLDG
chr14:7440000_7460000 | 20 | fst low | 143-143 | 248-248 | 290-290 | 0.31-031 | 55-55
chr17:3850000_3870000 | 20 |xp-ehh | low | 145-145 | 3.03-3.03 |332-332 | 013-013 | 1.85-185 ﬁaiTF':‘ﬁA)ENSGALGOOOOOO%BO
chr18:3690000_3770000 | 80 | xp-ehh | low | 168-237 | 301-321 |271-451 | 012-017 | 152-268 E:LD”Z*RE'/\A'?%AELP?SOOOOOS“O39
chr18:5090000_5190000 100 zﬁde/g? | low | 95-227 | 229-44 |157-415|027-036 | 469-664 | CAL0, MBTDL, UTP18
chr18:5680000 5710000 | 30 | xpehh | low | 169-176 | 3.25-3.34 | 319-352 | 0.22-028 | 3.75-498
chr18:6570000_6590000 | 20 | xpehh | low | 155-155 | 3.11-3.11 | 202-292 | 0.26-0.26 | 4.64-464 | UTP6
CD300LG, ENSGALGO0000019755,
chr18:10410000_10510000 | 100 | xp-ehh | low | 52-179 | 3.05-3.67 |127-345 | 0.09-0.18 | 102-295 | GRIN2C, NAT9, RAB37, SLCOASRL,
TMEM104, XYLT2
chr18:10540000_10570000 | 30 | xpehh | low | 65-75 | 3.08-3.15 | 143-167 | 0.16-0.18 | 243-279 | HID1, OTOP2, OTOP3, USHIG
chr19:7450000_7470000 | 20 | xpehh | low | 203-203 | 3.01-3.01 | 322-322 | 0.15-0.15 | 2.26-226 | CLTC, PTRH2, VMPI
chr20:4510000_4550000 | 40 | xpehh | low | 89-230 | 3.23-3.31 | 241-384 | 0.16-0.19 | 242-3 | ENSGALG00000046818 (LncRNA)
chr20:4570000_4600000 | 30 | fst low | 110-139 | 246-277 | 217-333 | 031-034 | 559-6.32 | ENSGALG00000052811 (LncRNA)
¢hr21:1990000_2010000 | 20 | fst low | 154-154 | 024-024 | 218-218 | 028-028 | 5.06-506 | ¢ merpan oo oororo NADK,
chr21:3340000_3380000 | 40 | xpehh | low | 101-121 | 3.12-3.27 | 285-302 | 0.16-0.18 | 244-288 | SPSBI
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chr21:5230000_5250000 20 | xp-ehh low 203 - 203 3.22-3.22 339-339 | 0.19-0.19 | 3.04-3.04 | LRRC38

chr23:440000_460000 20 | fst low 169 - 169 0.96 - 0.96 303-303 | 0.3-03 5.39-5.39

chr23:2180000_2200000 20 | fst low 99-99 2.29-2.29 251-251 | 0.29-0.29 52-52 AHDC1

chr23:2980000_3010000 30 | xp-ehh low 116 - 140 3.25-3.44 251-272 | 0.17-0.24 | 258-4.13 E.’F‘IESSLGOOOOOOA'%ZG (LncRNAY),
chr26:4160000_4180000 20 | xp-ehh low 97 - 97 3.08 - 3.08 207-207 | 0.24-0.24 | 4.17-4.17 | TCP11

chr27:5690000_5730000 40 | xp-ehh low 162 - 206 3.08-3.79 322-365 | 0.19-0.23 3-3.99 FAM117A, KAT?

Table S4.2b. Candidate selection signature regions and overlapping genes detected from analyses of the precipitation seasonality (precSeasonality).
(SSR_ID: selection signature regions ID as chromosome:start_stop position. DD: directionality of selection)

no. of no. of .
size | detection SNPs per valigsgfllﬂrt]eean SNPs Wlfsl,? Btaerd Z'.:St per .
SSR_ID (kb) | method DD XP_—EHH XP-EHH_ std per Fst window window Overlapping genes
window (range) window (range) (range)
(range) (range)
chr1:450000 490000 40 | xp-ehh low 108 -144 3.06 - 3.29 461-526 | 0.06-0.11 | 0.76 - 2.18 | ENSGALG00000033919
ENSGALG00000008309,

chr1:12910000_12940000 30 | fst low 177 -191 2.76-2.77 294 -366 | 0.22-0.27 | 5.18 - 6.61 FAM185A, FGL2
chr1:13950000 13970000 20 | fst high | 152 - 152 0.56 - 0.56 225-225 | 0.21-0.21 | 5.03 - 5.03 | KMT2E, SRPK2
chr1:16040000 16060000 20 | xp-ehh low 157 - 157 3.04-3.04 326-326 | 0.07-0.07 | 1.26 - 1.26 | ENSGALG00000054287
chr1:19670000 19690000 20 | fst high | 156 - 156 0.28 - 0.28 191-191 | 0.23-0.23 | 5.45 - 545
chr1:24350000 24370000 20 | fst high | 185-185 15-15 274-274 | 0.22-0.22 | 5.29 - 5.29
chr1:27410000 27490000 80 | xp-ehh high | 113-253 3-355 197-412 | 0.02-0.1 -0.19 - 1.84 | IMMP2L
chr1:27560000 27660000 100 | xp-ehh high | 115-185 3.31-4 177-327 | 0.06-0.14 | 0.83 - 3.15 | IMMP2L, LRRN3
chr1:52400000 52450000 50 | fst low 237 - 290 2.04-235 383-450 | 0.23-0.3 5.46 - 7.39 | ENSGALG00000036131 (LncRNA)
chr1:81890000 81930000 40 | xp-ehh low 152 - 196 3.12-3.66 306-352 | 0.12-0.16 | 2.62 - 3.63
chr1:105230000 105250000 | 20 | xp-ehh high | 144 -144 3.01-3.01 401 -401 | 0.06-0.06 09 - 09 ENSGALG00000027781 (ncRNA)
chr1:134820000 134840000 | 20 | xp-ehh low 202 - 202 3.16-3.16 385-385 | 0.13-0.13 2.8 - 2.8 RFX8

) . ENSGALG00000049876 (LncRNA),
chr1:137260000_137280000 | 20 xp-ehh high | 211-211 3.07-3.07 368 -368 | 0.02-0.02 | -0.18 - -0.18 ENSGALG00000052777 (LncRNA)

208




Supplementary Tables

chr1:147500000 147530000 | 30 | xp-ehh | low | 251-281 | 3.24-344 |411-440| 0.1-011 | 2.03 - 2.28 | CLDNI10
chr1:157150000 157170000 | 20 | xp-ehh | high | 179-179 | 3.06-3.06 | 342-342 | 01-01 | 1.96 - 1.96 | KLF12
chr1:164020000 164060000 | 40 | fst high | 80 - 103 103-1.32 | 153-178 | 0.26-0.28 | 6.46 - 6.84 | ENSGALG00000050284 (LncRNA)
chr1:167460000_167510000 | 50 | xp-ehh | high | 225-275 | 3.14-389 | 392-470 | 0.03-0.05 | -0.07 - 0.61 (ES'\S?;\,\']'/S??/(\’ES\%17789
chr1:178310000_178340000 | 30 | xpehh | low | 171-207 | 3.06-323 | 296-318 | 0.07-011 | 1.2 - 213 | ATP8A2

_ . ENSGALG00000047983 (LNCRNA),
chr1:185880000_185920000 | 40 | xp-ehh | high | 149-106 | 316-333 |254-331 | 001-003 | -064 - 007 | TUG G (el
chr2:9330000 9360000 30 | xpehh | high | 164 -195 316-33 | 255-271 | 0.05-005 | 046 - 0.6 | PTPRN2
chr2:9730000_9750000 20 | xpehh | high | 223-223 | 3.02-302 |345-345| 01-01 | 1.92 - 192 | VIPR?
chr2:28140000 28200000 | 60 | fst high | 43-83 0.72-0.84 | 122-200 | 0.23-0.25 | 5.65 - 6.04 | ENSGALGO0000054958 (LncRNA)
chr2:54120000 54140000 | 20 | xpehh | low | 126-126 | 3.02-3.02 | 186-186 | 0.04-0.04 | 0.4 - 0.24 | CNTNAP2
chr2:55230000_55300000 | 70 zﬁdj’g? o |low |141-238 | 247-332 | 246-363 | 0.13-032 | 278 - 787 ESSSALGOOOOOOE"BM (LncRNA),
chr2:56080000 56100000 | 20 | xp-ehh | high | 205-205 | 3.08-308 | 302-302 | 01-01 | 1.94 - 1.94 | RBFA
chr2:63890000 63930000 | 40 | fst high | 94-195 226-262 | 239-301 | 0.23-0.24 | 548 - 58 | ENSGALG00000049311 (LncRNA)
chr2:68700000 68740000 | 40 | xpehh | high | 122- 245 3-324 | 225-368 | 0.05-0.11 | 062 - 215 | ENSGALG00000053182 (LncRNA)
chr2:69270000 69290000 | 20 | xpehh | high | 87-87 3.05-305 | 174-174 | 014-044 | 3.17 - 317 | CDH6
chr2:92020000 92050000 | 30 | xpehh | low | 220- 282 32-321 | 348-403 | 01-015 | 2.07 - 3.33
chr2:94060000 94080000 | 20 | fst high | 67-67 0.04-004 | 119-119 | 022-022 | 525 - 525 | CCDC102B
chr2:94690000 94740000 | 50 | fst high | 49- 124 081-12 | 117-214 | 021-023 | 506 - 545
chr2:95600000 95660000 | 60 | fst low | 63-91 119-21 | 111-147 | 0.21-0.28 | 5.09 - 6.97
chr2:95750000 95770000 | 20 | fst low | 21-21 131-131 | 45-45 | 0.36-036 | 9.05 - 9.05
chr2:95830000 95850000 | 20 | fst low | 86- 86 0.16-016 | 150-150 | 0.22-022 | 532 - 532
chr2:95860000 95890000 | 30 | fst low | 110 - 111 058-0.6 | 163-163 | 0.23-0.24 | 546 - 571 | ENSGALG00000050654 (LncRNA)
chr2:95910000 95930000 | 20 | fst low | 96 - 96 0.97-097 | 163-163 | 0.28-0.28 | 69 - 69 | ENSGALG00000050654 (LncRNA)
chr2:96920000 96950000 | 30 | xpehh | low | 280-331 | 3.11-329 | 379-418 | 0.08-009 | 13 - 165 | CEP192
chr2:102480000_102500000 | 20 | xpehh | low | 310-310 3.3 501-501 | 0.04-004 | 019 - 0.19 | MIBL
chr2:103460000_103550000 | 90 | xp-ehh | low | 91 - 241 3.02-373 | 205-374 | 0.08-0.16 | 1.33 - 3.66 | ENSGALGO0000049694 (LncRNA)
chr2:104260000 104320000 | 60 | xpehh | low | 190-245 | 3.37-3.81 | 304-394 | 0.06-0.09 | 0.86 - 1.68 | KCTD1
chr2:114000000_114100000 | 100 ;ﬁoﬁg? o | 1ow | 87-152 302-365 | 170-239 | 0.12-0.23 | 2.41 - 549 | ENSGALG00000053888 (LncRNA)
chr2:146340000_146390000 | 50 | xp-ehh | low | 169-294 | 3.25-353 | 301-371 | 0.07-014 | 124 - 3.07
chr2:146690000 146710000 | 20 | fst low | 121-121 | 031-031 | 195-195| 021-0.21 | 5.07 - 5.07
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chr2:146890000_146920000 | 30 | fst low |102-122 | 0.54-063 [169-213 | 0.28-029 | 6.95 - 7.05 | TSNAREL

_ . ENSGALG00000028660 (MiRNA),
chr2:148130000_148170000 | 40 | fst high |208-234 | 223-232 | 337-360 | 0.24-026 | 582 - 639 | myelil L00000047330 (LNCRNA)
chr2:148190000_148210000 | 20 | xpehh | high | 245-245 | 3.17-3.17 | 439-439 | 0.16-0.16 | 3.68 - 3.68 | ENSGALG00000048947 (LNcRNA)
chr2:148240000_148260000 | 20 | fst high | 184-184 | 141-141 |399-399 | 0.22-0.22 | 515 - 515 | ENSGALG00000048947 (LncRNA)
chr3:1160000_1210000 50| fst low | 7-42 185-258 | 63-92 | 0.25-0.38 | 593 - 9.63 | ENSGALGO0000047366 (LncRNA)
chr3:2860000_2880000 20 [ ft low | 77-77 0.68-0.68 | 141-141 | 0.24-024 | 584 - 584
chr3:5540000_5570000 30 [xpehh |low |157-165 | 3.23-341 | 266-315 | 0.15-017 | 3.37 - 3.84 | KIF16B
chr3:18250000_18310000 | 60 | fst low [ 120-197 | 0.16-0.43 | 223-284 | 0.21-024 | 501 - 579 | ENSGALG00000052742 (LncRNA)
chr3:20080000 20110000 | 30 | fst high | 80 - 156 146-197 | 152-226 | 0.23-0.29 | 555 - 7.06 | ESRRG
chr3:20220000 20240000 | 20 | fst high | 115-115 | 0.18-0.18 |179-179| 0.21-0.21 | 506 - 506 | ESRRG
chr3:21940000 21970000 | 30 | fst high | 101-102 | 1.1-151 | 186-298 | 0.33-0.43 | 8.19 - 10.95 | ATF3, gga-mir-1649, TMEM206
chr3:32600000 32620000 | 20 | fst low | 162-162 | 0.56-0.56 | 249-249 | 0.22-022 | 512 - 512 | ENSGALG00000035137 (LncRNA)
chr3:50820000 50860000 | 40 | fst high | 75-82 0.75-2.34 | 229-266 | 0.24-0.29 | 583 - 7.09 | ENSGALG00000047502 (LncRNA)
chr3:50890000 50920000 | 30 | fst high | 45-45 143-187 | 237-238 | 0.22-0.24 | 525 - 568 | ENSGALG00000049389 (LNcRNA)
chr3:70960000 70980000 | 20 | xp-ehh | high | 140-140 | 3.07-3.07 | 272-272 | 0.09-0.09 | 1.74 - 1.74 | SIML

_ . ENSGALGO0000047943 (LNcRNA),
chr3:71640000_71660000 | 20 | fst high | 141-141 | 214-214 | 274-274|022-022 | 523 - 528 | fuely 00000052016 (LnoRNA)
chr3:76730000 76760000 | 30 | fst high |215-226 | 1099-2.98 | 305-346 | 0.26-0.27 | 6.38 - 6.66
chr3:78860000 78890000 | 30 | xp-ehh | high | 218-253 | 3.02-3.05 | 280-343 | 0.08-01 | 152 - 1.91
chr3:80440000 80480000 | 40 | xp-ehh | high | 150-188 | 3.13-3.37 | 317-343 | 0.14-0.7 | 2.93 - 3.78 | IMPGL, MYO6
chr3:85880000 85900000 | 20 | fst low | 81-81 2.06-2.06 | 171-171 | 023-023 | 5.63 - 563 | ENSGALG00000047770 (MiRNA)
chr3:85990000 86100000 | 110 | fst low | 42-127 0.85-2.15 | 128-272 | 022-03 | 538 - 741 | KHDRBS2
chr3:86110000 86170000 | 60 | fst low | 34-127 0.17-0.37 | 99-230 | 022-028 | 532 - 693 | KHDRBS2
chr3:86680000_ 86770000 | 90 | fst low [ 214-278 | 0.83-1.86 | 376-479 | 0.22-0.32 | 534 - 7.04 | BAG2, PRIM2, RAB23
chr3:96570000 96500000 | 20 | xpehh | high | 247-247 | 312-312 |387-387 | 0.07-0.07 | 117 - 1.17
chr3:99080000 99100000 | 20 | xpehh | high | 141-141 | 3.25-3.25 | 203-203 | 0.11-0.01 | 2.2 - 2.2
chr3:100050000_100070000 | 20 | xp-ehh | high | 170-170 | 3.11-311 |246-246| 01-0. | 2.08 - 2.08 | VSNLI
chr3:100240000_100270000 | 30 | xp-ehh | high | 175-195 | 3.15-3.18 | 300-309 | 0.07-0.08 | 1.02 - 1.47 | KCNS3
chr3:100370000_100390000 | 20 | xp-ehh | high | 156-156 | 3.07-3.07 | 311-311 | 0.13-0.3 | 2.78 - 2.78
chr3:108260000_108280000 | 20 | xp-ehh | high | 100-100 | 3.08-3.08 | 347-347 | 0.06-0.06 | 0.95 - 0.95 | TFAP2D
chr4:650000_670000 20 [ fst high | 147-147 | 171-171 |211-211] 0.24-0.24 | 584 - 5.84
chr4:2730000_2750000 20 | XM igh | 250-250 | 319-319 | 455-455 | 0.21-021 | 500 - 509 | HTR2C

fst
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chr4:11090000_11110000 | 20 | xp-ehh | high |217-217 | 3.08-308 |422-422| 0.05-0.05 | 0.66 - 0.66
chr4:26940000_27010000 | 70 | xp-ehh | low | 64-101 3.05-3.12 | 160-207 | 0.06-007 | 0.74 - 107
chr4:28270000_28360000 | 90 | xp-ehh | low | 21-77 3.02-339 | 59-141 | 0.06-015 | 0.78 - 323 | ENSGALG00000047082 (LncRNA)
chr4:28380000_28450000 | 70 | xp-ehh | low | 22-58 3.08-3.23 | 122-176 | 0.06-0.08 | 0.8 - 1.48
chr4:30270000_30290000 | 20 | fst high | 226-226 | 248-248 | 290-290 | 0.24-0.24 | 579 - 579 | INPP4B
_ . ENSGALGO0000047221 (LncRNA),
chr4:41990000_42020000 | 30 | fst high | 56 - 59 085-09 | 67-92 | 022-0.26 | 523 - 625 | Coo s C00000049194
chr4:60250000_60290000 | 40 Zﬁd%? « |low | 157-201 | 347-375 |229-294|014-022 | 303 - 514 | ENSGALG00000049121 (LNCRNA)
chr4:60950000_60980000 | 30 | xp-ehh | low | 256 - 285 3-316 | 384-420 | 012-012 | 247 - 25 | BDH?, CISD2, SLC9B2
chr:61240000 61270000 | 30 | xpehh | low |235-284 | 3.12-3.28 |379-423 | 0.08-0.08 | 133 - 1.37
ENSGALGO0000046053 (LNCRNA),
chr4:74180000_74240000 | 60 | fst high | 106-145 | 125-266 |164-234| 029-03 | 7.05- 7.53 | ENSGALGO0000048521 (LNcRNA),
ENSGALG00000050078 (LncRNA)
_ xp-ehh | - ] ] ] ] ] ENSGALGO0000046053 (LNcRNA),
chr4:74250000_74360000 | 110 | 8L | high | 67-125 188-32 | 137-229 | 0.08-028 | 15- 681 | £y 0000051573 (LnGRNA)
_ . ADGRA3, ENSGALGO0000047968,
chr4:74400000_74510000 | 110 | fst high |107-207 | 298-413 |180-342 | 014-024 | 306 - 58 |po et oo oo
chr4:74710000_74740000 | 30 | fst high |178-252 | 171-219 | 256-305| 0.21-022 | 5.1 - 512
chr4:75070000 75090000 | 20 | xp-ehh | high | 118-118 | 3.01-301 | 284-284 | 0.09-0.09 | 155 - 1.55 | SLIT2
chr4:75150000_75170000 | 20 | xp-ehh | high | 126-126 | 3.01-3.01 | 248-248 | 0.08-0.08 | 143 - 1.43 | SLIT2
ENSGALGO0000047307 (LNcRNAY),
chr4:75660000_75780000 | 120 | xp-ehh | high | 114-174 | 3.05-385 |155-280 | 0.02-0.17 | -0.14 - 3.77 | ENSGALGO0000052764 (LNcRNA),
NCAPG
chr4:77500000_77530000 | 30 | xp-ehh | high | 85-123 303-312 | 104-228 | 004-01 | 028 - 199 | “NSCALE00000052609 (MIRNA)
chr4:81570000_81590000 | 20 | xp-ehh | high | 153-1563 | 3.17-317 | 309-309 | 0.12-0.12 | 245 - 2.45 | ADRA2C
chr4:89960000_89980000 | 20 | xp-ehh | high | 235-235 | 3.01-301 | 380-380 | 0.14-0.14 | 3.13 - 3.13 | EXOC6B
chr4:90310000_90340000 | 30 | xp-ehh | high | 143-171 | 3.02-314 | 263-289 | 0.05-0.07 | 0.5 - 1.01
chr5:2310000_2330000 20 [ fst high | 45- 45 17-17 | 109-109 | 0.25-0.25 | 6.03 - 6.03 | PRMT3
chr5:12750000_12790000 | 40 | xp-ehh | low | 289-306 | 3.15-3.28 | 422-452 | 0.05-0.1 | 068 - 1.93 | LDHA, TSG10L, UEVLD
chr5:12800000_12820000 | 20 | xp-ehh | low | 223-223 | 3.02-302 | 393-393 | 0.16-0.16 | 351 - 351 | SPTY2D1
chr5:21780000_21800000 | 20 | fst high | 142-142 | 224-224 | 282-282 | 0.21-0.21 | 509 - 5.09
chr5:28910000_28970000 | 60 | xp-ehh | low | 167-340 | 304-334 |329-490 | 0.1-015 | 206 - 337 | o\ooALG00000051208 (LncRNA)

RAD51B, TMEM229B
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NPAS3, ENSGALG00000025613

chr5:35390000_35410000 20 | fst high | 103 - 103 12-12 158-158 | 0.21-0.21 | 5.03 - 5.03 (NCRNA)
chr5:40460000_40570000 110 | fst high | 5-103 0.34-201 133-203 | 0.22-0.36 | 5.16 - 9.04 | NRXN3
chr5:43730000_43750000 20 | xp-ehh low 251 - 251 3.44 - 3.44 424-424 1 0.11-0.11 | 2.15 - 215 | FOXN3
BEGAIN, ENSGALG00000050163
) i . i i i i i i (miRNA), ENSGALG00000052029
chr5:48710000_49000000 290 | xp-ehh high | 25-205 3.11-3.89 153-397 | 0.03-0.13 0.03 - 2.87 (LNCRNA), SLC25A29, SLC25A47,
WARS, DR25, YY1
DLK1, ENSGALG00000047452
. ) . ) ) _ ) ) (LncRNA),
chr5:49070000_49190000 120 | xp-ehh high | 30 -218 3.02-358 92-281 | 0.04-0.09 | 021 - 1.79 ENSGALG00000047870 (LNcRNA),
ENSGALG00000053427 (LncRNA)
chr5:49240000_49300000 60 | xp-ehh high | 53 -133 3.03-3.25 176 - 347 | 0.08 - 0.08 13 - 152 ENSGALG00000050843 (LncRNA)
chr5:58640000_58710000 70 | xp-ehh high | 94 - 168 3.06-351 187-296 | 0.06-0.09 | 0.85 - 1.58 | ENSGALG00000050220 (LncRNA)
chr6:1620000_1650000 30 | xp-ehh low 239 - 244 3.24-34 370-402 | 0.05-0.07 057 - 11 CCSER2, ENSGALG00000031866
chr6:12470000_12500000 30 | xp-ehh low 184 - 219 3.04-3.05 313-386 | 0.14-0.16 | 3.08 - 3.48 EN%%’SLGOOOOOO%HS (LncRNA),
chr6:12510000_12620000 110 | xp-ehh low 85 - 258 3.16 - 3.28 193-396 | 0.07-0.2 1.16 - 458 | CDH23, SLC29A3
ENSGALG00000047645 (LncRNA),
i i i i i i i o ENSGALG00000049384 (LncRNA),
chr6:19430000_19450000 20 | xp-ehh low 165 - 165 3.28-3.28 273-273 | 0.01-0.01 | -0.54 - -0.54 ENSGALG00000054411 (LncRNA),
ENSGALG00000054709 (LncRNA)
chr6:25040000_25070000 30 | xp-ehh high | 167 - 230 3.04 -3.09 321-427 1 012-0.17 | 243 - 385 |SLK
chr7:11540000_11570000 30 | xp-ehh high | 294 - 307 3.31-341 403 - 408 | 0.09 - 0.09 164 - 1.8 ALS2
chr7:25930000_25950000 20 | xp-ehh low 170-170 3.13-3.13 308-308 | 0.13-0.13 | 2.78 - 278 | GLI2
chr7:33100000_33180000 80 | xp-ehh low 113 - 204 3.11-4.65 230-286 | 0.03-0.14 | -0.05 - 3.12 | GTDC1
chr7:33200000_33240000 40 | xp-ehh low 154 - 187 3.39-4.05 239-329 | 0.07-0.14 | 125 - 293 | GTDC1
chr7:33280000_33310000 30 | xp-ehh low 148 - 163 3.19-36 323-335| 011-0.13 | 226 - 2.79 EESSALGOOOOOOM%Z (LncRNA),
) . ENSGALG00000041782 (LncRNA),
chr7:33820000_33840000 20 | fst high | 193-193 0.74-0.74 274-274 | 0.22-0.22 | 5.19 - 519 ENSGALG00000047423 (LncRNA)
chr7:35150000_35170000 20 | xp-ehh low 198 - 198 3.12-3.12 430-430 | 0.13-0.13 | 2.64 - 2.64 | RIF1
chr7:35360000_35400000 40 ;Edelgr fst low 237 - 240 3.07-3.69 434 - 467 | 0.2-0.23 483 - 564 | ENSGALG00000035466
chr7:36100000_36120000 20 | fst high | 167 - 167 0.48-0.48 337-337]0.23-023 | 539 - 539 | GPD2
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chr8:12720000_12740000 | 20 | fst low | 72-72 057-057 | 91-91 | 021-021 | 503 - 503 | PLPPRS
chr8:20440000_20470000 | 30 | xpehh | high | 151-183 | 3.01-301 | 257-307 | 0.08-0.08 | 149 - 1.53 | PTPRF
chr9:11400000_11430000 | 30 | fst low | 261-310 | 197-2.16 | 333-395 | 0.21-022 | 505 - 531 | ENSGALG00000052830 (LncRNA)
chr9:11440000_11470000 | 30 | xpehh | low | 168-168 | 3.01-3.04 | 256-256 | 0.09-01 | 1.72 - 208 | ENSGALG00000052830 (LncRNA)
chr9:11600000_11620000 | 20 | fst low | 118-118 | 124-124 | 145-145] 0.22-022 | 5.1 - 511
chr9:12140000_12160000 | 20 | xpehh | low | 177-177 | 3.08-3.08 | 254-254 | 0.04-0.04 | 041 - 0.41 | ENSGALGO0000049451 (LncRNA)
chr9:12510000_12570000 | 60 | fst high |81-161 | 033-092 | 163-261 ] 0.22-0.32 | 516 - 7.9 | AGTRL
chr11:1090000_1150000 | 60 | xpehh | high | 152-249 | 3.14-4.14 | 280-423 | 0.03-0.11 | 0.07 - 2.1 | CARMIL2, CTCFL, RIPORL
. ENSGALG00000002091,

Chr111200000_1220000 |20 | xpehh | high | 237-237 | 313-313 |418-418 | 01-01 | 182 - 182 | Chooaroo000000209
chr11:1660000_1680000 | 20 | fst high | 128-128 | 235-235 | 288-288 | 0.23-023 | 538 - 538 | VACLA
chr11:11940000_11960000 | 20 | xpehh | high | 216-216 | 3.13-3.13 | 341-341 | 0.03-0.03 | 004 - 0.04 | ENSGALG00000053476 (LNcRNA)
chr11:14210000_14260000 | 50 | xp-ehh | high | 152-181 | 3.04-352 | 282-312 | 0.06-0.09 | 0.77 - 162 | WWOX
chr12:12730000_12750000 | 20 | xp-ehh | high | 172-172 | 3.07-3.07 | 272-272 | 0.08-0.08 | 141 - 141 | FHIT

_ . ENSGALGO0000046751 (LNcRNA),
chr12:18080000_18120000 | 30 |xp-ehh | high |134-159 | 303-3.7 |241-317 | 008-0.4 | 1392 | EnaBAr ROt (oR i
chr13:5180000 5210000 |30 | xpehh |low | 210-234 | 32-336 | 325-336 | 0.07-04 | 126 - 1.89 | SLIT3
chr13:5740000 5790000 | 50 | xp-ehh | low | 145-228 | 3.03-3.11 | 285-407 | 0.09-013 | 1.74 - 288 | TENM2
chr13:7310000_7340000 | 30 | fst high | 71-83 163-18 | 286-323 | 0.21-0.23 | 508 - 555 | ENSGALG00000054885 (LNCRNA)
chr14:4850000 4870000 | 20 | xpehh | low | 214-214 | 339-339 | 349-349 | 0.07-0.07 | 116 - 1.16 | ENSGALG00000031051 (LncRNA)
CNri5:0090000_9120000 |30 | xpenh | low |165-201 | 311-312 |228-255 | 0.08-0.1 | 142 - 188 | NSALG00000030684 (LNcRNA)

. DENNDIA,
chr17:9480000_9510000 | 30 | fst high | 68-79 02-024 | 8L-91 | 024-027 | 57-665 | o\l S0000076417 (noRNA)
GCGR, HGS, MCRIPL, MRPL12,
chr18:9880000_9920000 |40 |xpehh |low |119-172 | 317-36 |206-337 | 0.08-0.09 | 138 - 165 | 4HB,
PPP1R27, SLC25A10

chr19:1750000_1790000 | 40 | xpehh | high | 139-179 | 3.04-329 | 281-301 | 0.07-0.43 | 117 - 28 | AUTS2
chr20:1090000_1110000 | 20 | fst low | 224-224 | 114-1.14 | 297-297 | 0.02-022 | 527 - 5.27 | CPNEL RBM12
chr20:6560000_6580000 | 20 | fst low |152-152 | 15-15 | 230-230 | 0.21-021 | 505 - 505 | KCNBL TGMS3
chr22:2610000_2630000 | 20 | fst low | 8-8 198-1.98 | 36-36 | 0.22-0.22 | 527 - 5.27 | NSD3
chr23:4350000_4400000 | 50 | xpehh | high | 113-169 | 3.27-3.75 | 219-340 | 0.11-0.19 | 2.16 - 448 | AGOL, AGO4, Clorf216, CLSPN
chr24:1140000_1180000 | 40 | fst low | 281-361 | 0.7-088 | 371-471 | 0.22-026 | 512 - 64 | KCNJ5
chr24:1210000_1240000 | 30 | fst low | 339-366 | 044-0.46 | 483-497 | 0.24-0.24 | 5.75 - 5.83

213




chr25:240000_260000

20

Xp-ehh

high

113 -113

3.26 - 3.26

268 - 268

0.08 - 0.08

1.46 - 1.46

Supplementary Tables

GABPB2, SCNM1, SEMAGC,
TMOD4, VPS72

chr27:3760000_3780000

20

xp-ehh

low

275 - 275

3.09-3.09

419 - 419

0.06 - 0.06

0.77 - 0.77

ENSGALG00000000824,
ENSGALG00000035554
(LncRNA), FMNL1

chr28:4540000_4580000

40

xp-ehh

low

131-189

3.05-3.17

150 - 224

0.12-0.17

2.43 - 3.89

ENSGALG00000050334 (LncRNA),
TPM4

chr31:920000_950000

30

fst

low

7-8

1.21-1.27

12 -15

0.24-0.26

5.77 - 6.38

ENSGALG00000044223,
ENSGALG00000044521,
ENSGALG00000045132,
ENSGALG00000050726 (LncRNA)

Table S4.2c. Candidate selection signature regions and overlapping genes detected from analyses of the precipitation in the wettest quarter of a
year (precWQ). (SSR_ID: selection signature regions ID as chromosome:start_stop position. DD: directionality of selection)

no. of no. of .
size | detection SNPs per vaI?JZSSfI%Zan SNPs Wlsslf? Bfeerd Z'.:St per .
SSR_ID (kb) | method DD XP_—EHH XP-EHH_ std per Fst window window Overlapping genes

window (range) window (range) (range)

(range) (range)
chr1:20430000 20450000 20 | fst low | 108-108 0.51-0.51 344-344 | 04-04 5.08 - 5.08 | SELENOO
chr1:38010000 38050000 40 | xp-ehh low | 225-263 3.01-3.77 421-540 | 0.17-0.22 | 1.46 - 2.34 | NAP1L1, PHLDA1
chr1:45020000_ 45040000 20 | xp-ehh low | 129-129 3-3 270-270 | 0.2-0.2 192 - 1.92
chr1:49330000_ 49400000 70 | xp-ehh high | 148 -180 3.04 -3.36 248 -360 | 0.24-0.29 | 257 - 3.35 | TCF20
chr1:55780000_ 55800000 20 | xp-ehh high 93-93 3.05-3.05 217-217 | 0.18-0.18 | 1.68 - 1.68 | TBXAS1
chr1:83090000 83110000 20 | fst low 96 - 96 2-2 235-235| 0.42-0.42 | 543 - 543 | ENSGALG00000054748 (LncRNA)
chr1:99010000 99040000 30 | xp-ehh high 48 -51 3.24-3.28 112-176 | 0.28-0.34 | 3.13 - 4.11
chr1:99050000 99150000 100 | xp-ehh high | 18-135 3.04-3.25 77-202 | 0.12-0.32 | 0.72 - 3.89 | ENSGALG00000052669 (LncRNA)
chr1:99190000 99220000 30 | xp-ehh high 34-54 3.01-3.01 185-201 | 0.17-0.19 | 144 - 1.83
chr1:110570000 110590000 | 20 | fst high 31-31 04-04 53 -53 04-04 5.13 - 5.13 | ENSGALG00000048672
chr1:133250000 133270000 | 20 | xp-ehh low | 276-276 31-31 482 -482 | 0.09-0.09 | 0.25 - 0.25 | CNGA3
chr1:150050000 150100000 | 50 | fst low 26 - 42 1.12-1.33 88-104 | 04-044 | 5.02 - 5.61 | ENSGALG00000052317
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chr1:150130000_150150000 | 20 | fst low | 13-13 | 069-069 |123-123 | 0.41-041 | 521 - 521
chr1:150460000_150490000 | 30 | fst low | 96-112 | 117-119 | 139-158 | 0.47-05 | 6.22 - 656
chr1:177010000_177050000 | 40 | fst low | 160-187 | 0.95-115 | 294-324 | 0.42-0.47 | 544 - 6.15
chr1:186050000_186070000 | 20 | fst high | 86-86 | 084-084 |232-232 | 04-04 | 501 - 501
chr2:8150000_8170000 20 |xpehh | high | 151-151 | 309-300 |342-342 | 0.22-022 | 231 - 2.31 | SHH
chr2:21970000_21990000 | 20 | fst high | 163-163 | 053-053 |325-325 | 04-04 | 506 - 506 | CDK14
chr2:37120000_37140000 | 20 | xpehh | low | 172-172 | 3.37-3.37 | 369-369 | 0.19-0.19 | 1.78 - 1.78 | NKIRASL, RPL15, UBEZEL
chr2:41870000_41900000 | 30 | xp-ehh | high | 206-241 | 3.04-3.05 | 474-513 | 0.15-0.16 | 1.18 - 135 | CPNE4
chr2:42570000_42630000 | 60 | xpehh | high | 194-234 | 3.03-3.19 |329-371 | 0.11-0.15 | 0.59 - 1.2 | BFSP2, CCR5, CDV3, TOPBPL
chr2:57870000_57910000 | 40 | xpehh | low | 205-250 | 3.11-3.33 | 416-451 | 0.07-0.13 | -0.08 - 0.88 | DCDC2
chr2:58640000_58770000 | 130 | xpehh | low | 76-159 | 3.17-36 | 208-33L | 0.05-0.17 | -0.39 - 156 | ENSGALG00000048667 (LNcRNA)
chr2:61180000_61210000 | 30 | xpehh | low | 185-211 | 3.07-3.1 |300-339 | 0.18-02 | 167 - 193 | JARID2
chr2:61380000_61400000 | 20 | fst low | 152-152 | 11-11 | 437-437 | 04-04 | 502 - 502
chr2:65510000_65540000 | 30 | xpehh |low | 207-220 | 3.09-32 |363-401 | 0.1-0.14 | 045 - 103 | yo0-G0000004710 (LncRNA),
chr2:65560000_65580000 | 20 | xp-ehh | low | 130-130 | 32-32 | 488-488 | 023-0.23 | 2.38 - 238 | ENSGALG00000053424
chr2:65630000_65650000 | 20 | xp-ehh | low | 165-165 | 3.02-302 | 490-490 | 0.14-014 | 104 - 104 | ENSGALGO0000012808
chr2:66210000_66230000 | 20 | xp-ehh | low | 176-176 | 3.03-303 |328-328 | 0.1-01 | 043 - 043 | SLC22A23
chr2:68080000_68110000 | 30 | fst high | 137-181 | 133-150 | 332-406 | 042-042 | 534 - 536 | PHLPP1
Chr2:83520000_83540000 | 20 | xpefh | low | 100-100 | 309-300 | 403-403 | 0.39-039 | 494 - 494 | ENOOALG00000052392 (LNGRNA),
chr2:127110000_127130000 | 20 | fst high | 132-132 | 094-094 | 345-345 | 041-041 | 521 - 521
chr2:135380000_135440000 | 60 | xp-ehh | low | 63-123 | 3.02-331 | 204-319 | 019-0.31 | 18 - 366 | EIF3H
chr2:135760000_135790000 | 30 | xp-ehh | low | 189-203 | 3.03-307 | 393-411 | 0.14-019 | 0.97 - 181 | MED30
chr2:135870000 135900000 | 30 | xp-ehh low | 136-195 3.1-3.16 283-351 | 0.11-0.16 | 054 - 1.34 | EXT1
chr2:136080000_136100000 | 20 | xp-ehh | low | 159-150 | 335-335 |310-310| 02-02 | 201 - 201 | SAMDIZ
chr2:139590000_139620000 | 30 | fst high | 98-109 | 141-176 | 157-194 | 0.42-0.52 | 538 - 6.99

_ . ENSGALGO0000047938 (LNcRNAY),
chr3:21650000_21700000 | 50 |xp-ehh | high | 145-166 | 3.01-323 | 264-291 | 016-02 | 137 - 201 | FNSCA 00000052626 \LICRNA
chr3:28650000_28690000 | 40 | xpehh | high | 128-180 | 3.07-3.2 | 282-360 | 0.11-0.21 | 061 - 2.16
chr3:71850000_71870000 | 20 | fst high | 110-110 | 19-19 | 186-186 | 0.43-0.43 | 546 - 546
Cchr3:87810000_87670000 | 60 | xpehh | low | 109-162 | 3.08-338 | 256-443 | 024-020 | 262 - 33 | \ooALG00000049936 (LncRNA)
chr4:1090000_1130000 20 |xpehh | low | 152-101 | 323-349 |282-351 | 0.2-024 | 103 - 2.55 | FAMI55B
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chr4:4570000_4590000 20 |xpehh | high | 236-236 | 318-318 | 445-445| 0.25-0.25 | 2.77 - 2.77 | ENSGALG00000049919 (LncRNA)
chr4:15360000_15380000 | 20 | xpehh | low | 95-95 | 3.08-308 | 223-223 | 0.27-0.27 | 311 - 3.11 | TENM1
chr4:24500000_24530000 | 30 | xpehh | low | 192-204 | 3.06-3.1 | 443-488 | 0.08-0.12 | 0.14 - 0.7 | SPOCK3
chr4:24870000_24910000 | 40 | xpehh | low | 216-248 | 3.06-3.38 | 402-441 | 0.13-0.16 | 0.9 - 1.36 | ENSGALG00000049163 (LNcRNA)
chr4:25200000_25220000 | 20 | xpehh | low | 219-219 | 3.01-301 | 464-464 | 0.25-0.25 | 2.81 - 2.81
chr4:25450000_25550000 | 100 | xpehh | low | 182-242 | 3.16-3.83 | 336-454 | 0.2-027 | 195 - 3.09 | CBR4, SHIRFL
chr4:20770000_29790000 | 20 | xpehh | low | 252-252 | 3.16-3.16 | 409-409 | 0.15-0.15 | 114 - 1.14 | RNF150
chr4:20820000_29870000 | 50 | xpehh | low | 224-237 | 3.03-3.21 | 391-463 | 0.12-0.18 | 0.79 - 164 | RNF150
chr4:31960000_31980000 | 20 | xp-ehh | low | 227-227 | 3.03-3.03 | 481-481 | 0.21-0.21 | 219 - 219 | PRMT9, TMEMIBAC
chr4:32220000_32240000 | 20 | xpehh | low | 258-258 | 3.03-303 | 354-354 | 01-0.1 | 044 - 0.44 | NR3C2
chr4:32340000_32360000 | 20 | xp-ehh | low | 144-144 3-3 245-245 | 0.07-0.07 | -011 --0.11 | ENSGALG00000030689 (LncRNA)
chr4:37920000_37940000 | 20 | xpehh | low | 244-244 | 3.01-301 | 416-416 | 0.05-0.05 | -0.31 - -0.31 | HADH, LEF1
chr4:39410000_39440000 | 30 | fst high | 91-121 | 0.63-101 |266-289 | 0.41-045 | 514 - 587 ?ﬁi‘;j\l AE)NSGALGOOOOOOSOM
chrd:59770000_59800000 | 30 | xp-ehh | high | 182-190 | 3.02-3.13 | 327-338 | 0.14-0.17 | 1.06 - 1.54 | RAPIGDSL, TSPANS
chrd:65470000_65500000 | 30 | xp-ehh | low | 194-203 | 3.1-311 | 427-451] 0.12-0.12 | 0.76 - 0.76 | CHIC2
chr4:39580000_89600000 | 20 | fst low | 158-158 | 0.83-0.83 | 384-384 | 0.41-0.41 | 517 - 517 | ADAM33, ENSGALG00000044620
chr4:39960000_89990000 | 30 | xp-ehh | high | 96-146 | 3.05-3.18 | 346-362 | 0.14-0.22 | 1.01 - 221 | EXOC6B
chr5:29730000_29750000 | 20 | fst high | 221-221 | 125-125 |441-441| 04-04 | 514 - 514 | GPRL76
CIPC, ENSGALG00000048945
(LncRNA), ENSGALG00000049515
(LNcRNA), ENSGALG00000050873
chr5:39190000_39350000 | 160 | xp-ehh | low | 66-199 | 3.03-351 |136-352 | 0.02-0.33 | -0.8 - 3.91 | (LncRNA), gga-mir-6645 (miRNA),
IRF2BPL, NGB,
NSGALG00000024525 (55_rRNA),
TMEMS63C, ZDHHC22
chr5:43320000_43360000 | 40 | xpehh | low | 177-208 | 312-322 |332-412 | 0.14-0.19 | 097 - 1.78 | EMLS, PTPN21, ZC3H14
Cr5:43580000_43610000 | 30 |xpehh | low | 157-205 | 305-318 | 285-350 | 0.03-008 | -0.62 - 01 | CaooALG00000047714 (LNRNA),
Chr5:55470000_55500000 | 30 | xpehh |low | 182-183 | 3.1-324 | 366-404 | 0.05-007 | -041 --0.08 | AciAI0 ENSGALEO0000012085,
chr7:8590000_8610000 20 [xpehh  |low | 35-35 | 304-304 | 74-74 | 0.32-0.32 | 381 - 381
chr7:28430000_28460000 | 30 | xpehh | low | 141-194 | 3.02-314 | 354-385 | 0.1-012 | 036 - 0.78 | CIQL2
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ACMSD, ENSGALG00000012207,

chr7:30450000_30480000 30 | xp-ehh low | 143-162 3.09-3.11 323-364 | 0.14-0.18 | 1.01 - 1.64 | ENSGALG00000046969,
ENSGALG00000054339

chr7:34590000 34610000 20 | fst low 88 - 88 0.12-0.12 302-302 | 041-041 | 5.16 - 5.16

chr7:34830000 34860000 30 | xp-ehh low | 140-201 3.07-3.12 378-424 | 0.17-02 | 146 - 1.92 | KIF5C

chr8:6440000_6460000 20 | xp-ehh low | 178-178 3.01-3.01 416-416 | 0.1-0.1 0.43 - 0.43 | TOR1AIP1, TOR1AIP2

chr8:10350000 10380000 30 | fst low 47 - 49 1.96 - 1.96 62-73 0.4-0.41 | 5.01 - 5.23 | ENSGALG00000043258 (LncRNA)

chr8:10430000_10670000 240 | fst low 4-48 1.17-2.23 30-71 | 0.41-0.49 | 5.21 - 6.44 | ENSGALG00000047029, PLA2G4A

chr8:10680000 10700000 20 | fst low 9-9 1.45-1.45 56 - 56 04-0.4 5.01 - 5.01 | PLA2G4A

chr8:22190000 22210000 20 | xp-ehh low | 234-234 3.09-3.09 526 -526 | 0.09-0.09 | 0.31 - 0.31 | ATPAF1, EFCAB14, MOB3C

chr8:23360000 23420000 60 | xp-ehh low | 111-173 3.05-3.48 234-378 | 0.07-0.15 | -0.11 - 1.27 | BEND5

. ENSGALG00000047521 (LncRNA),

chr8:27970000_27990000 20 | xp-ehh low | 161-161 32-32 352-352 | 0.15-0.15 | 1.25 - 1.25 ENSGALGO0000053679 (LncRNA)

chr8:28310000_28340000 30 | xp-ehh low | 209-210 3.08-3.29 357-367 | 0.16-0.16 | 1.32 - 1.34 | ROR1

chr9:1240000 1260000 20 | xp-ehh low | 144-144 3.02-3.02 266 -266 | 0.09-0.09 | 0.33 - 0.33 | NEU2, NGEF

chr9:8040000_8070000 30 | fst low | 104-140 1.55-1.86 270-272 | 0.41-042 | 5.19 - 534 | Pax3

chr9:20250000 20300000 50 | xp-ehh low | 157-191 3.22-3.36 278-307 | 0.14-0.17 | 11 - 158 | MECOM

chr10:13630000 13730000 | 100 | xp-ehh high | 134 -256 3.08-341 282 -515 | 0.13-0.28 | 0.82 - 3.18 | NTRK3

chr10:17820000 17840000 20 | xp-ehh high 86 - 86 3.1-3.1 211-211| 0.2-0.2 1.9 - 1.9 | ENSGALG00000053260 (LncRNA)

chr10:20300000_20350000 50 | xp-ehh high | 186 - 226 3.03-3.42 343-413 | 0.08-0.15 | 0.13 - 1.15 | BLM, FRMD5, WDR76

chr11:4580000_ 4600000 20 | fst low 85 - 85 0.18-0.18 201-201 | 04-04 5.07 - 5.07

chr11:16300000 16320000 20 | fst high | 151-151 1.57-157 250-250 | 04-04 5.13 - 5.13 | CDH13

chr13:1280000 1310000 30 | xp-ehh low 51-93 3.04-3.1 128-191 | 0.24-0.27 | 2.64 - 3.11 | ENSGALG00000052992

chr13:2570000_2590000 20 | fst low 32-32 1.08 - 1.08 104-104 | 0.4-0.4 5.13 - 5.13 | PCDHGA?2
ENSGALG00000042617 (LncRNA),

chr13:2940000_2980000 40 | fst low 69 - 92 1.31-1.46 229-267 | 0.45-054 | 5.9 - 7.25 | ENSGALG00000051725 (LncRNA),
ENSGALG00000054361 (LncRNA)
AP5Z1, ENSGALG00000004504,

chr14:4400000_4440000 40 | xp-ehh high | 194 - 266 3.16 - 3.66 371-429 | 0.13-0.19 | 0.84 - 1.89 | gga-mir-12224, gga-mir-2129,
MMD2

chr15:4930000 4950000 20 | xp-ehh high | 162 -162 3-3 288-288 | 0.22-0.22 | 2.31 - 2.31 | NCOR2

chr15:7930000_8000000 70 | xp-ehh high | 160 - 242 3.03-3.47 294 -439 | 0.12-0.23 | 0.77 - 2.46 %gaD%rlgfsgy I;:-|K32c§L'|c':'|?é21§ LS,

chr15:10640000 10670000 30 | xp-ehh high | 176 - 200 3.08-3.3 314-355] 0.17-0.18 | 1.43 - 1.66 | RTN4R
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Chr15:10680000_10700000 | 20 |xpehh | high | 167-167 | 305-305 | 274-274 | 012-012 | 0.69 - 0.69 | LNSCALG00000033639 (LNcRNA)
chr15:10710000_10750000 | 40 | xp-ehh | high | 183-203 | 3.08-341 | 269-317 | 0.14-02 | 101 - 1.9 | ENSGALGO0000047400 (LncRNA)
chr17:2810000_2840000 30 |xp-ehh  |low | 95-124 | 314-331 |329-396 | 0.16-0.19 | 1.35 - 1.87 Cvﬂ\;eAr\i gga-mir-7442, STXBPL,
chr17:7790000_7820000 30 | xp-ehh | low | 192-193 | 332-332 | 348-372 | 0.21-0.29 | 2.19 - 3.36 | COLGAL
chr19:8420000_8470000 50 | xpehh | low | 147-157 | 3.18-34 | 246-273 | 0.08-0.21 | 0.06 - 2.06
chr19:8780000_8820000 40 | xp-ehh/fst | low | 60-71 265-3 | 218-221 | 0.19-0.41 | 1.88 - 517 | DDX52, HEATRG, HNF1B
CNr20:9120000_9160000 | 40 |xpehh | low | 163-228 | 307-351 | 349-452 | 011-016 | 062 - 136 | Lo -©00000049648 (LNcRNA)
chr22:1060000_1090000 30 | fst high | 7-8 114-133 | 34-35 | 042-047 | 534 - 612 | NEFL
chr22:1150000_1180000 30 | fst high | 8-15 0.33-037 | 35-53 | 0.46-049 | 6.01 - 6.42

_ . CASP14, ENSGALGO0000047954,
chr22:5290000_5320000 30 |xpehh |high | 69-90 | 304-3090 |215-247 | 003-01 |-06L-039 | Gagle oY
chr23:5550000_5610000 60 | fst low | 65-86 | 097-182 | 200-224 | 04-05 | 508 - 661 | BMP8A, MACF1
chr24:1310000_1330000 20 | xp-ehh | high | 271-271 | 3.12-312 | 439-439 | 0.16-0.16 | 1.35 - 1.35
chr24:2930000_2960000 30 | xpehh | low | 191-199 | 3.02-3.41 | 339-359 | 0.15-0.19 | 1.17 - 1.86 | GRAMDIB
chr26:2140000_2180000 40 | xpehh | low | 148-185 | 3.17-346 | 335-348 | 0.06-0.08 | -0.19 - 0.17 | CDK18, MFSD4A
chr27:4810000_4850000 40 | xpehh | high | 156-215 | 3.08-3.19 | 278-389 | 0.09-0.14 | 0.31 - 1.06 | MRC2, TLK2

Table S4.2d. Candidate selection signature regions and overlapping genes detected from analyses of the precipitation in the driest quarter of a year
(precDQ). (SSR_ID: selection signature regions 1D as chromosome:start_stop position. DD: directionality of selection)

no. of no. of .
. . SNPs per absolute SNPs weighted ZFst per
SSR_ID size | detection DD | XP-EHH value of mean per Fst Fst per window Overlapping genes
- (kb) | method . XP-EHH_std . window

window (range) window (range) (range)

(range) (range)
chr1:9000000 9020000 20 | fst low 66 - 66 1.85-1.85 135-135 | 0.23-0.23 | 5.18 - 5.18
chr1:13780000 13800000 20 | fst low | 127-127 0.59 - 0.59 209-209 | 0.22-0.22 | 5.03 - 5.03
chr1:15060000 15080000 20 | xp-ehh low | 274-274 3.29 - 3.29 389-389 | 0.14-0.14 | 2.83 - 2.83 | LAMB1, LAMB4
chr1:33810000 33830000 20 | xp-ehh high | 269 - 269 3.05-3.05 402-402 | 0.1-01 1.78 - 1.78 | RASSF3
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chr1:52790000 52820000 | 30 | fst high | 94-117 | 0.71-101 | 246-271] 0.22-0.24 | 505 - 543 | LARGEL
chr1:60010000_60030000 | 20 | xp-ehh | low | 238-238 | 331-331 |335-335| 0.04-0.04 | 0.27 - 027 'IE('Q\‘SSEGCABLGOOOOOO“%% (LncRNA),
Chr1:65410000 65440000 | 30 | xp-ehh | low | 145-175 | 3.16-324 | 222-273 | 0.06-0.07 | 0.81 - 1.16 | BCATL, ENSGALGO0000048674
chr1:78060000 78080000 | 20 | fst high | 148-148 | 165-165 | 248-248 | 0.22-0.22 | 5.05 - 505 | CIR, CLSTN3, RBP5
chr1:81240000 81260000 | 20 | fst low | 215-215 | 1.18-118 | 369-369 | 0.24-0.24 | 542 - 542 | CASQ2
chr1:88290000 88330000 | 40 | xp-ehh | low | 144-182 | 3.37-393 | 365-405 | 0.12-0.16 | 2.46 - 3.48 | BBX
chr1:97320000 97340000 | 20 | xp-ehh | low | 114-114 | 33-33 | 292-292 | 0.15-0.15 | 3.21 - 3.21 | ENSGALGO0000054585 (LncRNA)
chr1:107790000_107810000 | 20 | fst low | 61-61 | 141-141 | 205-205] 0.22-0.22 | 504 - 504 | ENSGALG00000050248 (LncRNA)
chr1:109700000 109730000 | 30 | xp-ehh | low | 181-191 | 3.15-318 | 314-366 | 0.09-0.14 | 1.74 - 2.08 | DSCAM
DSCAM, ENSGALG00000042372
chr1:109740000_109790000 | 50 | xp-ehh | low | 132-171 | 3.02-308 | 265-302 | 0.08-0.15 | 1.29 - 3.12 | (LncRNA),
ENSGALGO00000052898(ncRNA)
chr1:110360000_110390000 | 30 ;‘Sﬁ'ehh/ low | 240-270 | 298-321 |382-395 | 0.18-022 | 411 - 5.12 | HCALGO0000051940 (LncRNAY),
chr1:111190000_111210000 | 20 | fst low | 161-161 | 1.99-109 | 288-288 | 0.25-0.25 | 574 - 5.74
chr1:112350000 112370000 | 20 | xp-ehh | low | 188-188 | 3.02-302 | 435-435 | 0.06-0.06 | 08 - 0.8 | FUNDCL
chr1:113640000 113670000 | 30 | xpehh | low | 117-179 | 3.2-3.76 | 217-310 | 0.06-0.11 | 0.78 - 2.16 | ENSGALGO00000046706 (LncRNA)
chr1:113700000 113720000 | 20 | xpehh | low | 134-134 | 3.22-322 | 287-287 | 013-013 | 27 - 27 | BCOR
chr1:128020000_128040000 | 20 | fst low | 82-82 | 2.31-231 | 113-113 | 0.22-0.22 | 501 - 501
chr1:128240000 128260000 | 20 | xp-ehh | low | 53-53 | 3.04-304 | 88-88 | 0.09-0.09 | 1.67 - 167 | NLGNAY
chr1:130660000 130690000 | 30 | xp-ehh | low | 150-156 | 3.3-3.36 | 248-275 | 0.04-0.06 | 0.45 - 0.82
chr1:134820000_134840000 | 20 | xpehh | high | 187-187 | 3.27-327 | 385-385 | 0.11-0.11 | 2.06 - 2.06 | REX8
chr1:153410000_ 153460000 | 50 | fst high | 9-39 168-202 | 79-113 | 0.26-0.34 | 594 - 8.22
chr1:155020000_ 155060000 | 40 | fst low | 90-120 | 02-035 | 253-267 | 0.23-0.24 | 52 - 551 | ENSGALGO0000051545 (LncRNA)
chr1:159570000_ 159590000 | 20 | fst low | 100-100 | 1.17-117 | 172-172 ] 0.22-0.22 | 51 - 51
chr1:159600000_ 159640000 | 40 | fst low | 109-150 | 1.18-158 | 224-294 | 0.24-0.29 | 554 - 6.74
chr1:178310000 178340000 | 30 | xpehh | high | 191-217 | 3.02-323 | 305-305 | 0.07-008 | 1.17 - 1.27 | ATP8A2
chr2:2960000_2990000 30 | fst low | 183-217 | 19-105 | 255-351 | 0.23-0.24 | 5.38 - 558
chr2:5460000_5480000 20 | fst low | 185-185 | 0.08-0.08 | 292-292 | 0.31-0.31 | 7.24 - 7.4 | ENSGALGO0000006072
chr2:10260000_10280000 | 20 | xp-ehh | low | 213-213 | 3.09-3.09 | 404-404 | 0.05-0.05 | 0.61 - 0.61 | DIP2C
chr2:11620000_11650000 | 30 | fst high | 77-113 | 0.85-1.07 | 141-181 | 0.24-0.24 | 5.42 - 545
chr2:12200000_12220000 | 20 | fst low | 33-33 | 028-028 | 106-106 | 0.23-0.23 | 5.27 - 527
chr2:26940000_26970000 | 30 | fst low | 150-160 | 0.48-0.53 | 203-210 | 0.23-0.23 | 5.15 - 538 | ENSGALGO0000050874 (LncRNA)
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chr2:28010000_28040000 | 30 | fst low | 101-133 | 14-151 |263-319 | 0.23-0.24 | 5.19 - 542 | AGMO, MEOX2
chr2:28060000_28080000 | 20 | fst low | 68-68 | 113-113 | 175-175 | 0.23-0.23 | 534 - 534 | MEOX2

_ ] ] ] ] ] ENSGALG00000054958 (LNCRNAY),
chr2:28120000_28210000 | 90 | fst low | 42-82 | 069-173 | 108-194 | 023-027 | 54 - 635 | L\Zi 300000037900 (56 1RNA]
chr2:46360000_46380000 | 20 | xp-ehh | high | 166-166 | 3.09-309 | 348-348 | 0.05-0.05 | 055 - 0.55 | ELMOL
chr2:46670000_46690000 | 20 | fst high | 189-189 | 2.39-2.39 | 422-422 | 0.24-0.24 | 548 - 548 | ANLN, AOAH
chr2:55230000 55290000 | 60 | xp-ehh | high | 138-198 | 3.32-382 |251-367 | 0.11-017 | 2.09 - 3.62 EH??ALGOOOOOOE"‘SM (LncRNAY),
chr2:95670000_95800000 | 130 | fst high | 33-138 | 213-267 | 58-107 | 0.24-03 | 563 - 7.1
chr2:103790000_103820000 | 30 | fst low | 140-156 | 113-14 | 178-210 | 0.25-0.26 | 5.84 - 611 | gga-mir-1597, ZNF521
chr2:113980000_114020000 | 40 | xp-ehh | high | 125-167 | 3.14-3.3 | 215-267 | 0.05-0.14 | 0.67 - 2.82
chr2:114940000_114960000 | 20 | xp-ehh | high | 185-185 | 3.05-3.05 | 271-27L | 0.06-0.06 | 0.94 - 0.94 | DNAIC5B
chr2:123760000_123780000 | 20 | xp-ehh | low | 59-59 31-31 | 123-123 | 0.0L-0.01 | -0.46 - -0.46
chr2:124060000_124150000 | 90 | xp-ehh | low | 80-205 | 3.01-347 | 282-442 | 0.06-0.14 | 0.91 - 2.83 | ENSGALGO0000049271 (LncRNA)
chr2:124380000_124410000 | 30 | xp-ehh | low | 257-273 | 3.09-3.13 | 405-413 | 0.02-0.03 | -01 - 017
chr2:145640000_145670000 | 30 | xp-ehh | high | 160-222 | 3.43-346 |322-353 | 0.12-013 | 2.41 - 2.71 | ACO2 ENSGALGO0000052658

(LncRNA), gga-mir-6572

chr3:1160000_1210000 50 | fet high | 5-44 | 149-214 | 55-90 | 0.23-039 | 519 - 9.42 | ENSGALG00000047366 (LNcRNA)
¢hr3:5550000_5570000 20 | xpehh | high | 157-157 | 3.02-3.02 | 317-317 | 0.1-01 | 1.76 - 1.76 | KIF16B
chr3:8430000_8450000 20 | fit low | 233-233 | 07-07 | 399-399 | 0.22-0.22 | 5.05 - 5.05 | GALNTI4
chr3:19210000_19230000 | 20 | xp-ehh | high | 155-155 | 3.19-3.19 | 264-264 | 0.12-0.12 | 2.44 - 2.44 | LYPLALL
chr3:20090000_20110000 | 20 | fst low | 83-83 | 158-158 | 152-152 | 0.23-0.23 | 531 - 531 | ESRRG

. ENSGALG00000048291,
chr3:39090000_39110000 | 20 |xp-chh [low | 180-180 | 301-301 | 285-285 | 0.07-007 | 103 - 103 | FuechrBirototete o o
chr3:49700000_49720000 | 20 | fst high | 168-168 | 0.63-063 | 293-203 | 0.27-0.27 | 6.24 - 624 | FBXO5, MTRFIL
chr3:50830000_50860000 | 30 | fst low | 79-84 | 065-105 | 255-271 | 0.23-0.24 | 5.27 - 558 | ENSGALG00000047502 (LNCRNA)
chr3:70090000_70160000 | 70 | fst low | 42-57 | 098-161 | 74-124 | 0.23-0.29 | 522 - 6.9 | ENSGALG00000051525, GRIK2
chr3:70280000_70300000 | 20 | fst low | 143-143 | 134-134 | 186-186 | 0.23-0.23 | 519 - 519 | GRIK2
Chr3:70960000_71000000 | 130 | xpehh [ low | 83-100 | 328-405 |129-273 | 0.11-021 | 2.12 - 481 | o\°OALG000000530L1 (LncRNA)

. ] ] ] ] ] ENSGALG00000047943 (LNcRNAY),
chr3:71640000_71670000 | 30 | fst low | 169-190 | 121-21 | 246-255 | 0.24-024 | 543 - 558 | fyocarCio0d ot I A

ot ENSGALG00000034564 (LNcRNA),

chr3:71840000_72120000 | 280 | XM | low | 21-179 | 3.01-375 | 96-315 | 0.05-0.24 | 062 - 567 | ENSGALGO0000049307 (LcRNA),

gga-mir-12262

220




Supplementary Tables

chr3:72130000 72150000 20 | xp-ehh | low | 81-81 3-3 147 -147 | 0.06-0.06 | 0.95 - 0.95
chr3:72220000 72340000 | 120 | xp-ehh | low | 69 - 148 3.01-363 | 108-248 | 0.04-0.22 | 0.37 - 492 | ENSGALG00000036204 (LncRNA)

_ xp-ehh ] ] ] ] ] ENSGALG00000036204 (LncRNA),
chr3:72360000_72540000 | 180 | JhETY | low | 76-254 3.01-4.08 | 178-411| 0.04-0.22 | 037 - 508 | PP Sn 0P
chr3:72840000 72880000 40 | fst low | 119-165 | 2.79-2.86 | 210-276 | 0.24-032 | 561 - 7.71
chr3:73000000 73050000 50 | fst low | 66-138 1.92-224 | 143-241 | 025-0.33 | 585 - 7.82 | FUT9

_ xp-ehh ] ] ] ] ] MANEA, ENSGALG00000025686
chr3:73120000_73250000 | 130 | P8 | low | 76-291 185-319 | 150-497 | 0.22-043 | 495 -1042 | g b

, ENSGALG00000046901 (LncRNA),
chr3:73300000_73390000 90 | fst low | 36-100 284-295 | 132-174 | 0.22-031 | 5.08 - 742 | Lo s Connooisio
chr3:73530000_73840000 | 310 zﬁdj’g? | tow | 39-91 1.72-321 | 91-217 | 0.15-0.34 | 3.13 - 8.16 | ENSGALG00000026577 (MiRNA)
chr3:73860000_73950000 90 zﬁdj’g? o | tow | 42-138 202-34 | 87-238 | 0.12-032 | 2.37 - 7.56 | EPHA7
chr3:73960000 73980000 20 | fst low | 71-71 2-2 124-124 | 0.22-0.22 5.5 EPHA7, gga-mir-1677
chr3:74410000 74430000 20 | fst low | 88-88 1.03-1.03 | 170-170 | 0.23-0.23 | 5.21 - 521
chr3:74450000 74470000 20 | fst low | 72-72 1.33-133 | 137-137 | 0.24-0.24 | 542 - 542 | ENSGALG00000047305 (MiRNA)
chr3:74490000 74510000 20 | fst low | 62-62 172-172 | 123-123 | 0.23-023 | 521 - 521
chr3:78890000 78930000 40 | xp-ehh low | 108 -123 3.03-3.14 184-202 | 0.1-0.14 | 1.88 - 2.95
chr3:86030000 86060000 30 | fst high | 55-59 073-081 | 112-116 | 0.22-0.23 | 5.08 - 5.39
chr3:86680000 86780000 | 100 | fst high | 231-263 | 0.64-187 | 319-464 | 0.25-0.34 | 57 - 809 | BAG2, PRIM2, RAB23, ZNF451
chr3:86780000 86800000 20 | fst low | 263-263 | 0.74-0.74 | 395-395 | 0.28-0.28 | 658 - 6.58 | ZNF451
chr3:87510000 87540000 30 | fst low | 91-172 096-144 |196-327 | 025-03 | 579 - 7.03 | HMGCLLL
chr3:99060000 99080000 20 | fst low | 216-216 | 2.35-2.35 | 336-336 | 0.23-0.23 | 5.16 - 5.16
chr3:104340000_104370000 | 30 | xp-ehh | low | 169-252 | 3.35-3.37 | 392-462 | 0.09-0.11 | 162 - 2.27 | NUMBL, IFT172, IFT172
chr3:106430000_106510000 | 80 :ﬁde/g? « |low | 157-238 | 212-325 | 300-399 | 0.14-029 | 2.99 - 681 | MSRA

CYSLTRL, ENSGALG00000004127,
chr4:1350000_1420000 70 | xp-ehh | low | 162-308 | 3.26-3.95 |359-491| 0.06-0.1 | 0.86 - 1.98 | ENSGALG00000053473 (LncRNA),
LPAR4

chr4:9970000 9990000 20 | fst high | 121-121 | 0.58-058 | 249-249 | 0.24-0.24 | 559 - 559 | ENSGALG00000052590 (LncRNA)
chr4:11090000 11110000 20 | xpehh | low | 181-181 | 3.07-3.07 | 420-420 | 0.07-0.07 | 1.15 - 1.15
chr4:11220000 11250000 30 | xpehh | low | 184-221 | 3.06-3.14 | 283-353 | 0.07-0.1 | 1.05 - 1.82 | ENSGALG00000052786
chr4:14070000_14090000 20 | xpehh | low | 238-238 | 3.28-3.28 | 404-404 | 0.07-0.07 | 1.01 - 1.01
chr4:22570000 22600000 30 | fst low | 147-204 | 0.14-014 | 217-245 ]| 0.24-028 | 543 - 6.48
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ENSGALG00000046688 (LncRNA),

chr4:23350000_23430000 | 80 | P high | 111-205 | 213-314 | 266-384 | 013-032 | 276 - 771 | (SVCRALCEORONIONED
chr4:27820000 27880000 | 60 | fst high | 74-97 | 188-204 | 108-156 | 0.22-031 | 511 - 7.46 | ENSGALGO0000051876 (LncRNA)
chr4:27890000 27910000 | 20 | fst high | 84-84 | 205-205 | 123-123 | 0.24-0.24 | 543 - 543
chr4:28120000 28140000 | 20 | fst high | 86-86 | 214-214 | 120-120 | 0.23-0.23 | 521 - 521
. . ENSGALGO0000050821 (LNcRNAY),
chr4:28210000_28230000 | 20 | fst high |  40-40 22-22 | 89-89 | 023-028 | 526 - 526 | LSS So000 et (| erN)
chr4:28270000 28300000 | 30 | fet high | 31-51 | 209-211 | 58-80 | 0.22-0.23 | 5.11 - 538 | ENSGALG00000047082 (LncRNA)
chr4:28350000 28380000 | 30 | fet high | 68-70 | 213-214 | 102-122 | 0.23-024 | 517 - 564
_ . ENSGALG00000048582 (LNcRNA),
chr4:28490000_28520000 | 30 |xp-ehh | high | 43-55 | 302-311 | 148-150 | 015-016 | 33 - 343 | LSO 0000005420 (LICRNA)
chr&:28770000 28870000 | 100 | xpehh | high | 138-208 | 3.15-349 | 269-369 | 0.07-0.14 | 1.02 - 2.95
chr4:29620000_ 29640000 | 20 | xp-ehh | high | 222-222 | 3.38-338 | 366-366 | 0.11-0.11 | 213 - 2.13 (CL%]EQN/E;\"SS%’?)LCGOOOOOO"’SQM
chr4:35180000 35200000 | 20 | fst low | 241-241 | 246-246 | 371-371 ] 0.23-023 | 524 - 524 | FAM13A
chr4:43270000 43290000 | 20 | xp-ehh | low | 195-195 | 3.02-3.02 | 301-301 | 0.09-0.09 | 1.71 - 1.71 | GALNT?
chr4:48300000 48320000 | 20 | xpehh | high | 191-191 | 3.16-3.16 | 302-302 | 0.14-0.14 | 2.93 - 2.93 | ADGRL3
chr4:62850000 62870000 | 20 | xp-ehh | high | 213-213 | 3.22-322 | 442-442 | 0.02-0.02 | -0.2 - -02 | FGL1
chr4:70510000 70530000 | 20 | fet low | 137-137 | 0.86-0.86 | 235-235 | 0.26-0.26 | 5.9 - 5.6
ENSGALGO0000046053 (LNCRNAY),
xp-ehh ENSGALG00000048521 (LncRNA),
Chra:74170000_74300000 | 130 | XS | jow | 76-165 | 132-306 | 148-234 | 0.22-031 | 5.08 - 746 | 0 oonl aoooeeeanas EanRN Ag,
ENSGALGO0000051573 (LncRNA)
chr4:74430000_74540000 | 110 | xp-ehh | low | 118-216 | 3.02-342 |213-351| 0.1-0.22 | 1.79 - 492 éﬁsegﬁfégglosc%/géfggoso?ﬂ?fsg%’
Chr4:74550000_74620000 | 70 | xpenh | low | 105-175 | 306-405 |232-263 | 0.1-0.14 | 193 - 283 | Lo on oo oeoeaar Etﬂggmg
chr4:74650000_74670000 | 20 | fst low | 158-158 | 1.96-1.96 | 250-250 | 0.26-0.26 | 6.04 - 6.04
chr4:89950000 89980000 | 30 | xp-ehh | low | 227-229 | 3.06-3.24 | 375-380 | 0.15-0.17 | 3.17 - 359 | EXOC6B
chr5:45810000 45830000 | 20 | fet high | 182-182 | 0.08-0.08 | 219-219 | 0.23-0.23 | 541 - 541
chr6:2890000_2910000 20 | xp-ehh | high | 183-183 3-3 275-275 | 0.02-0.02 | -0.19 --0.19
chr6:12510000_12530000 | 20 | xp-ehh | high | 253-253 | 3.04-304 | 375-375 | 0.08-0.08 | 1.27 - 1.27 | CDH23, SLC29A3
chr6:21700000_21720000 | 20 | fst low | 304-304 | 2.17-2.17 |538-538 | 0.22-0.22 | 5.01 - 501 | IDE, KIF11
chr6:21780000_21810000 | 30 | fst low | 221-243 | 1.56-1.63 | 367-448 | 0.31-0.32 | 7.32 - 7.73 | MARCH5
chr6:21870000 21890000 | 20 | fst low | 106-106 | 1.05-1.05 | 288-288 | 0.27-0.27 | 6.35 - 6.35 | CPEB3
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Chr6:25040000_25070000 | 30 | P low | 140-169 | 3.06-325 |311-420 | 0.24-0.26 | 545 - 6.13 | SLK

chr7:5670000_5690000 20 | xpehh | low | 203-203 | 3.07-307 | 346-346 | 0.09-009 | 16 - 16

chr7:10350000_10370000 | 20 | xpehh | low | 160-160 | 3.02-3.02 | 270-270 | 0.05-0.05 | 0.65 - 0.65 | PLCLL

Chi7:12960000_12990000 | 30 | xpeehh | high | 246-268 | 302-324 | 359-364 | 0.02-003 | -0.29 - 0.5 | S\°>0ALG00000046972 (LncRNA)

chr7:14390000_14410000 | 20 | fst low | 87-87 | 2.06-206 | 281-281 | 022-0.22 | 509 - 509 | ENSGALG00000051682 (LncRNA)
. _ . _ _ _ _ _ ENSGALG00000050982 (LncRNA),

chr7:29150000_ 20180000 | 30 | xp-ehh | high | 212-227 | 3.01-317 | 419-437 | 005-0.06 | 067 - 0.83 | DU GTIIROTEL MU,

chr7:31030000_31090000 | 60 | xpehh | low | 113-186 | 3.09-334 | 310-358 | 0.13-0.18 | 250 - 3.86 | THSD7B

chr7:33130000_33150000 | 20 | xpehh | high | 127-127 | 3.05-3.05 | 247-247 | 0.06-0.06 | 0.95 - 095 | GTDCL

chr7:33280000_33310000 | 30 | xpehh | high | 144-158 | 3.44-351 |309-317 | 0.14-0.18 | 281 - 388 | Cho>ALG00000053032 (LNRNA)

chr7:34370000_34410000 | 40 | xpehh | low | 168-188 | 3.04-324 | 268-321 | 0.13-019 | 2.72 - 417 | ENSGALG00000053295 (LncRNA)

chr7:35150000_35170000 | 20 | xpehh | high | 188-188 | 3.28-3.28 | 428-428 | 0.12-0.12 | 235 - 2.35 | RIFL

chr7:35350000_35400000 | 50 ;‘Sﬁ'ehh/ high | 228-263 | 148-349 |412-452 | 0.2-0.25 | 449 - 569 | CACNB4

chr7:36100000_36120000 | 20 | fst low | 158-158 | 0.64-064 | 325-325 | 023-023 | 533 - 533 | GPD2

chrg:15370000_15440000 | 70 | xpehh | low | 147-251 | 3.21-367 | 257-376 | 0.08-02 | 137 - 44 | LRRC8D, ZNF326

chr8:15640000_15660000 | 20 | fst high | 223-223 | 0.26-026 | 342-342 | 0.25-0.25 | 593 - 593 | ENSGALG00000052940 (LncRNA)

chr:20280000_20300000 | 20 | xpehh | low | 184-184 | 3.06-3.06 | 260-260 | 0.17-017 | 3.62 - 3.62 | PTPRF

chr8:20440000_20480000 | 40 | xpehh | low | 120-200 | 3.41-3.78 | 233-305 | 0.11-017 | 2.26 - 382 | PTPRF

Chr8:26030000_26060000 | 30 | xp-ehh | low | 249-250 | 3.01-307 |381-403 | 015-0.18 | 31 - 397 | 5 NSCALG00000049636 (LNGRNA)

chr9:6290000_6310000 20 | fst high | 162-162 | 0.14-014 | 290-290 | 024-024 | 549 - 549

chr9:12140000_12170000 | 30 | xp-ehh | high | 132-175 | 3.08-3. | 237-246 | 0.02-0.02 | 022 --0.13 | ENSGALGO0000049451 (LNCRNA)

chr9:12490000_12570000 | 80 | fst low | 34-103 | 02-0.79 | 163-265 | 0.23-0.36 | 5.28 - 8.61 | AGTRL

chr10:20210000_20240000 | 30 | xp-ehh | low | 85-113 | 3.07-347 | 181-222 | 0.12-0.12 | 2.28 - 2.31 | CTDSPL2

chr11:1090000_1140000 | 50 | xp-ehh | low | 150-268 | 3.07-338 | 203-415 | 0.07-0.11 | 115 - 2.21 | CARMIL, CTCFL, RIPORL

chr11:1660000_1680000 | 20 | fst low | 133-133 | 176-176 | 202-292 | 0.23-0.23 | 5.24 - 524 | VAC4

chr11:12500000_12520000 | 20 | fst low | 157-157 | 164-164 | 253-253 | 0.23-0.23 | 5.34 - 5.34

chr11:15360000_15380000 | 20 | xp-ehh | low | 291-201 | 3.49-349 | 447-447 | 0.09-0.09 | 1.62 - 1.62 | ATMIN, CENPN, CMC2

chr11:18110000_18130000 | 20 | "/ 110w | 163-163 | 332-332 | 268-268 | 0.24-024 | 558 - 558 | BANP

chr12:17700000_17730000 | 30 | xp-ehh | low | 171-212 | 336-341 | 317-407 | 0.09-01 | 1.68 - 1.08 | CHLL
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chr12:17880000 17910000 30 | xp-ehh low 133 - 222 3.77-3.79 302 - 362 | 0.07 -0.09 1.16 - 1.5 | ENSGALGO00000052938
. ENSGALG00000046751 (LncRNA),
chr12:18080000 18110000 30 | xp-ehh low 129 -131 3.08-3.18 296-313 | 0.1-0.13 191 - 255 ENSGALG00000050333 (LncRNA)
chr13:1310000 1330000 20 | fst low 115-115 0.48 - 0.48 176 -176 | 0.23-0.23 | 5.16 - 5.16
chr13:5190000 5210000 20 | xp-ehh high | 204 - 204 3-3 334-334 | 011-0.11 | 2.21 - 2.21 | SLIT3
chr13:6520000 6570000 50 | xp-ehh high | 112 -153 3.01-3.39 213-253 | 0.08-0.11 | 1.33 - 2.19
chr13:7320000 7340000 20 | fst low 103 - 103 1.87-1.87 342-342 | 0.23-0.23 | 5.35 - 5.35 | ENSGALG00000054885 (LncRNA)
chr13:17870000 17890000 20 | xp-ehh low 158 - 158 3.09 - 3.09 300-300 | 0.19-0.19 | 4.14 - 414 | GNPDA1, NDFIP1, RNF14
ENSGALG00000007070,
chr14:9130000_9170000 40 | xp-ehh low 193 - 214 3.14-3.18 304 -338 | 0.03-0.06 | -0.01 - 0.82 | ENSGALG00000054272, IGSF6,
METTL9
. ENSGALG00000047816 (LncRNA),
chr14:9930000_9960000 30 | xp-ehh low 237 -271 3.07 - 3.27 389-418 | 0.14-0.17 | 2.94 - 3.66 ENSGALG00000050138 (LncRNA)
chr15:6790000 6810000 20 | xp-ehh high | 198 - 198 3.31-3.31 332-332 | 0.05-0.05 | 0.58 - 0.58 | FICD, SART3
chr15:10780000 10800000 20 | xp-ehh low 142 - 142 3.03 - 3.03 236-236 | 0.09-0.09 | 1.74 - 1.74
. ENSGALG00000050011 (LncRNA),
chr17:8280000_8300000 20 | xp-ehh low 181-181 31-3.1 374-374 | 0.03-0.03 | 0.11 - 0.11 ENSGALG00000053422
chr17:8460000 8480000 20 | xp-ehh low 172 -172 3.24 - 3.24 292-292 | 0.08-0.08 | 1.36 - 1.36 | CAMSAP1, gga-mir-1465, UBAC1
DENND1A, ENSGALG00000049802
LncRNA),
chr17:9440000_9520000 80 | fst low 42 -72 0.38-0.88 62 - 91 0.24 - 0.36 5.51 - 8.6 (ENSGALg;00000026417 (NCRNA),
ENSGALG00000028552 (ncRNA)
AFMID, ARL1S6,
ENSGALG00000019795
chr18:9860000_9900000 40 | xp-ehh high | 120-128 3.2-3.61 203-214 | 0.07-0.14 1.2 - 3.04 | (LncRNA), ENSGALG00000038671,
GCGR, HGS, MRPL12, SLC25A10,
SYNGR2, TK1, TMC6
chr19:940000 960000 20 | fst high | 202 - 202 0.72-0.72 314-314 | 0.23-0.23 | 5.38 - 538 | ELN
chr19:1810000 1850000 40 | xp-ehh low 81-135 3.09 - 3.53 227-271 | 0.18-0.21 | 3.85 - 4.82 | AUTS2
chr19:7450000 7480000 30 | xp-ehh high | 249 - 267 3.13-3.48 325-365 | 0.06 - 0.07 0.96 - 1.2 | CLTC, PTRH2, VMP1
chr20:1090000 1110000 20 | fst high | 228 - 228 1.05-1.05 297-297 | 0.23-0.23 | 5.31 - 531 | CPNE1, RBM12
) . DNAJC11, ENSGALG00000033569,
chr21:530000_ 570000 40 | xp-ehh high | 131-201 3.25-34 253-318 | 0.19-0.21 413 - 47 KLHL21, PHF13
chr22:2620000 2650000 30 | xp-ehh high 26 - 40 3.48 - 3.57 73-113 | 0.05-0.11 0.6 - 202 | FGFR1, LETM2, NSD3
chr23:4350000 4400000 50 | xp-ehh low 104 - 213 3.3-3.63 220-343 | 0.12-0.15 2.32 - 3.3 | AGO1, AGO4, Clorf216, CLSPN
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ENSGALG00000002170,
chr26:3940000_3960000 20 | fst low | 226 -226 1.56 - 1.56 339-339 | 0.22-0.22 | 5.03 - 5.03 ENSGALG00000054224
chr27:4280000_4330000 50 | xp-ehh high | 222 - 240 3.04-3.29 337-380 | 0.05-0.09 | 0.64 - 1.66
chr28:1890000_1910000 20 | xp-ehh high | 157 - 157 3.11-3.11 305-305 | 0.13-0.13 | 2.64 - 2.64 | ADAMTS10
chr33:5260000_5280000 20 | xp-ehh high | 180 -180 3.16 - 3.16 298-298 | 0.03-0.03 | 0.02 - 0.02 | ENSGALG00000043689, KRT5

Table S4.2e. Candidate selection signature regions and overlapping genes detected from analyses of the Soil organic carbon content at 0.00 depth
(SoilOrgC). (SSR_ID: selection signature regions ID as chromosome:start_stop position. DD: directionality of selection)

no. of

no. of

absolute weighted
SSR_ID sze | detection | oy | Spre B | valueof mean | R | Fstper | LS ER Overlapping genes
- (kb) | method . XP-EHH_std - window
window (range) window (range) (range)
(range) (range)

chr1:5410000 5440000 30 | fst high | 102 - 126 1.03-1.38 163-192 | 0.24-0.26 | 5.11 - 5.72
chr1:26090000 26120000 30 | xp-ehh high | 170 -200 3.29-3.39 234-303 | 0.18-0.19 | 3.69 - 3.97 | ENSGALG00000053114, FOXP2
chr1:26680000 26730000 50 | xp-ehh high | 125-185 3.06-3.15 255-344 | 0.11-0.15 | 1.84 - 2.98
chr1:44930000 44960000 30 | fst high | 109 -143 1.65-1.95 223-246 | 0.25-0.28 | 5.32 - 6.07 | CRADD
chr1:55980000 56050000 70 | xp-ehh high | 159 -231 3.17-3.78 239-339 | 0.09-0.12 | 1.51 - 2.08 | HIPK2, TBXAS1
chr1:56150000 56170000 20 | xp-ehh high | 240 - 240 3-3 505-505 | 0.11-0.11 | 1.79 - 1.79
chr1:60370000 60400000 30 | xp-ehh high | 156 - 203 3.22-3.27 327-345 | 0.12-0.13 | 2.11 - 2.42 | NINJ2
chr1:60810000_60870000 | 60 | xp-ehh | high | 151-208 | 301-333 |271-419 | 016-019 | 313 - 388 | Choe \oo 0000049382 (LncRNAY),
chr1:64890000 64910000 20 | fst low 156 - 156 1.38-1.38 281-281 | 0.24-0.24 | 5.17 - 517 | PDE3A
chr1:78040000 78060000 20 | fst high | 102 -102 0.33-0.33 233-233 | 0.24-0.24 | 5.06 - 5.06 | CIR, C1S
chr1:78050000 78080000 30 | fst low | 102-106 0.62-0.73 218-227 | 0.26-0.26 | 554 - 556 | C1R, C1S, CLSTN3, RBP5

, . ENSGALG00000052608 (LncRNA),
chr1:93700000 93740000 40 | xp-ehh high | 210-278 3.25-3.32 397-496 | 0.09-0.16 | 1.33 - 3.15 POGLUTL, TIMMDCL
chr1:96710000 96740000 30 | fst high 40 - 51 0.82-0.82 105-125 | 0.26 - 0.27 5.7 - 594 | ENSGALG00000053960 (LncRNA)
chr1:105380000_105420000 | 40 | xp-ehh high | 177-191 3.1-351 303-332 | 0.13-0.17 | 2.37 - 3.37 Emggﬁtgggggggéggig(anRNA)
chr1:108010000 108030000 | 20 | fst high | 183-183 0.5-05 353-353 | 0.24-0.24 | 5.11 - 5.11 | CHAF1B
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chr1:110490000_110530000 | 40 | fst high | 191-232 | 1.54-2.26 | 274-322 | 0.25-028 | 5.46 - 6.19 | ENSGALG00000052523
chr1:111070000_111110000 | 40 | xp-ehh | high | 143-219 | 3.16-3.93 | 397-546 | 0.1-0.2 | 1.72 - 427 | CRYAA
chr1:115950000_115970000 | 20 | fst low | 265-265 | 1.12-1.12 | 397-397 | 0.26-026 | 572 - 5.72
chr1:117620000_117640000 | 20 | fst high | 92-92 | 1.26-1.6 | 153-153 | 0.25-025 | 528 - 5.28 | ILIRAPLL
chr1:117650000_117700000 | 50 | fst high | 80-165 | 0.48-0.69 | 164-235 | 0.25-028 | 544 - 6.12 | ILIRAPLL
chr1:117750000_117780000 | 30 | fst high | 126-137 | 0.53-0.66 | 182-197 | 0.25-026 | 55 - 564 | ILIRAPLL
chr1:118420000_118440000 | 20 | fst high | 84-84 25-25 | 147-147 | 0.24-0.24 | 5.1 - 511
chr1:146480000_146500000 | 20 | fst high | 139-139 | 1.84-184 | 349-349 | 0.27-0.27 | 5.86 - 586 | FARPL
chr1:167320000_167350000 | 30 | xp-ehh | high | 227-265 | 3.16-3.22 | 371-377 | 0.14-0.15 | 2.67 - 2.82 | VWAS
chr1:167480000_167540000 | 60 | xp-ehh | high | 163-281 | 3.1-318 |373-437 | 005-012 | 0.42 - 2.19 |\ >CALGO00000LTTEI (55 IRNA)
chr1:168920000_168990000 | 70 | 2"/ high | 216264 | 242-377 | 357-425 | 011-026 | 179 - 572 Sﬁééifé’o%gggo%aﬁg?sféh A
chr1:171050000_171090000 | 40 | fst high | 119-125 | 0.81-1.18 | 185-218 | 0.28-028 | 6.03 - 6.21 | ENSGALG00000048894 (LncRNA)
chr1:171730000_171760000 | 30 | xp-ehh | high | 222-239 | 3.14-3.19 | 408-423 | 0.15-0.19 | 2.89 - 3.82 | CKAP2, VPS36
chr1:173800000_173820000 | 20 | fst high | 196-196 | 1.13-1.13 | 343-343 | 0.24-0.24 | 5.03 - 503 | ENSGALG00000051912 (LncRNA)
chr1:174170000_174240000 | 70 | fst high | 135-232 | 031-14 | 245-422 | 0.26-045 | 5.69 -10.36 | DCLKI

ENSGALG00000014066,
chr1:191500000_191540000 | 40 | xp-ehh | low | 236-267 | 3.02-335 |520-578 | 0.06-0.13 | 056 - 251 | trocn 00 0ieo00
chr1:193630000_193650000 | 20 | xp-ehh | low | 131-131 | 343-343 | 329-329 | 0.12-0.12 | 2.21 - 2.21 | TENM4

ENSGALG00000052767,

xp-ehh | ENSGALG00000053527,

chr1:197230000_197310000 | 80 | P | high | 105-332 | 187-325 |153-521| 0.18-03 | 364 - 6.61 | ENSGALGO0000053623

ENSGALG00000054014, HBBA,

HBBR, HBE, HBEL, OR51M1,0R52R1

ENSGALG00000017334,
chr1:197480000_197580000 | 100 | xp-ehh | high | 73-198 | 3.04-3.76 | 145-338 | 0.09-0.16 | 1.36 - 3.11 | ENSGALG00000033819, gga-mir-

1600, LCMT2, TPP1
chr2:5480000_5500000 20 | fit high | 185-185 | 0.51-051 | 323-323 | 0.26-0.26 | 557 - 557 | ENSGALG00000006072
chr2:5870000_5900000 30 | fit high | 200-202 | 18-223 | 356-360 | 0.24-0.25 | 5.13 - 545 | ACVR2B, gga-mir-6600
chr2:6110000_6130000 20 | fst high | 197-197 | 1.03-1.03 | 368-368 | 0.24-0.24 | 521 - 521 | ENSGALG00000053252 (LncRNA)

_ . ENSGALG00000048545 (LNcRNA),

¢hr2:9780000_9800000 20 | fst high | 293 - 203 2-2 | 460-460 | 024-0.24 | 5.06 - 508 | {0 00 e (LncRNA,
chr2:17220000_17240000 | 20 | fst high | 241-241 | 1.68-168 | 474-474 | 023-023 | 502 - 502 | KIAAL217
chr2:56220000_56250000 | 30 | xp-ehh | high | 190-270 | 3.15-3.44 | 333-416 | 0.11-0.16 | 2.03 - 3.14 | PQLCI
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chr2:68510000_68530000 | 20 | fst high | 269-269 | 053-0.53 | 429-429 | 0.24-024 | 505 - 5.05
chr2:89020000_89040000 | 20 | xp-ehh | low | 165-165 | 3.22-3.22 | 233-233 | 0.04-0.04 | 027 - 027 | AHRR
chr2:91690000_91710000 | 20 | xpehh | low | 115-115 | 3.01-3.01 | 199-199 | 0.11-011 | 1.84 - 184 | ENSGALG00000033168, ZNFAO07
chr2:104780000_104820000 | 40 | xp-ehh | low | 146-196 | 3.06-3.23 | 204-253 | 0.06-0.1 | 0.65 - 167 | CDH2
chr2:114100000_114150000 | 50 | xp-ehh | low | 91-128 | 3.1-3.38 | 169-193 | 0.05-0.11 | 052 - 193 | ENSGALG00000048169 (LncRNA)
chr2:124370000_124420000 | 50 | xp-ehh | high | 194-214 | 3.21-358 | 337-406 | 01-0.4 | 162 - 266
chr2:124450000_124500000 | 50 | xp-ehh | high | 123-199 | 3.01-3.23 | 381-465 | 0.12-0.14 | 2.08 - 2.76 | ENSGALG00000053987 (LncRNA)

_ . ENSGALG00000054155 (LncRNA),
chr2:126300000_126330000 | 30 | xp-ehh | high | 179-187 |  3-317 | 345-353 | 0.1-041 | 166 - 184 | (OBALSOONOIOLL
chr2:126380000_126450000 | 70 | xp-ehh | high | 205-273 | 3.19-358 | 305-381 | 0.07-05 | 0.96 - 3.03 | CBorf37
chr2:128500000_128530000 | 30 | xp-ehh | high | 165-169 | 3.03-3.2 | 330-334 | 017-0.17 | 3.3 - 349 | PABPCL
chr2:128540000_128560000 | 20 | xp-ehh | high | 276-276 | 3.04-3.04 | 390-390 | 0.08-008 | 1.15 - 115 | YWHAZ
Chr2:128600000_128680000 | 80 | xp-ehh | high | 160-246 | 308-325 | 292-413 | 0.11-015 | 189 - 303 | o\ Son 1 G00000049820 (LncRNA)
chr2:137920000_137940000 | 20 | xp-ehh | low | 89-89 | 3.18-318 | 209-209 | 0.15-045 | 2.02 - 292 | TBCID3L
chr2:147030000_147090000 | 60 | xp-ehh | low | 35-86 | 3.35-363 | 63-218 | 0.05-009 | 051 - 134 | TSNAREL
chr2:147220000_147260000 | 40 | fst low | 82-166 | 0.77-1.03 | 95-219 | 0.24-031 | 505 - 6.77 | TSNAREL
chr3:28290000_28330000 | 40 | fst high | 119-215 | 1.36-1.93 | 247-326 | 0.05-0.28 | 5.8 - 627
chr3:28340000_28360000 | 20 | fst high | 118-118 | 214-2.14 | 185-185 | 0.24-0.24 | 523 - 523 | LRFN2

. _ _ _ _ _ _ ENSGALG00000049188 (LncRNA),
chr3:32790000_32670000 | 80 | xp-ehh | low | 127-166 | 3.05-338 | 232-329 | 0.1-0.16 | 161 - 316 | C\CCA G00000050560 (LuRNA
chr3:35160000_35180000 | 20 | fst high | 164-164 | 034-034 | 270-270 | 0.31-031 | 6:89 - 6.89 | AKT3
chr3:48750000_48770000 | 20 | xpehh | low | 265-265 | 3.01-301 | 378-378 | 0.0L-0.01 | -0.47 --0.47 | MTHFDIL
chr3:59420000_59440000 | 20 | fet high | 91-91 | 137-1.37 | 201-201 | 0.26-026 | 558 - 558
chr3:66570000_66630000 | 60 | xp-ehh | high | 223-289 | 3.02-39 | 338-502 | 0.1-016 | 166 - 312 | CDC40, METTL24
chr3:67200000_67300000 | 100 | XPEMN | high | 224-286 | 3.02-354 | 335-388 | 0.16-0.24 | 3.23 - 5,00 | ARMC2, FOXO3
chr3:86680000_86720000 | 40 | xp-ehh | low | 251-284 | 3.33-358 | 409-492 | 0.09-018 | 141 - 36 | PRIM2
chr3:87480000_87500000 | 20 | fst high | 225-225 | 056-0.56 | 329-329 | 0.24-0.24 | 507 - 507 | HMGCLLL
chr3:87490000_87510000 | 20 | fst low | 182-182 | 058-058 | 275-275 | 0.25-025 | 55 - 55 | HMGCLLL

_ _ . _ _ _ _ _ ENSGALGO0000050914 (LncRNAY),
chr3:91850000 91870000 | 20 | xp-ehh | high | 220-220 | 329-328 | 311-3LL| 015-0.15 | 279 - 279 | CCCA G00000095580 SHaA
chr3:106440000_106520000 | 80 | fst high | 198-266 | 211-2.71 | 319-394 | 0.05-033 | 543 - 7.4 | MSRA
chr3:106820000_106850000 | 30 | xpehh | high | 150-157 | 3.01-3.13 | 279-283 | 0.14-0.14 | 257 - 2.58 | PINXL
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. ENSGALG00000050553,
chr3:107760000_107820000 | 60 | fst high | 103 -185 15-2.18 259-354 | 0.24-03 | 5.07 - 6.57 ENSGALG00000050753
chr3:108140000_108180000 | 40 | xp-ehh high | 140 -217 3.04-3.23 228-303 | 0.12-0.15 | 2.28 - 2.95 | ENSGALG00000047869 (LncRNA)
chr3:108200000_108250000 | 50 | xp-ehh high | 86 - 196 3.03-3.58 212-344 | 0.13-0.19 | 247 - 3.8 | ENSGALG00000047589, TFAP2B
chr4:6480000_6500000 20 | fst high | 111-111 0.71-0.71 192-192 | 0.28-0.28 | 6.23 - 6.23 | ENSGALG00000047994 (LncRNA)
chr4:13110000_13130000 20 | xp-ehh high | 253 -253 3.26 - 3.26 395-395 | 0.12-0.42 | 2.17 - 2.17 | TRPCS
chr4:14070000_14100000 30 | xp-ehh high | 220-224 3.09-3.11 396-397 | 0.12-0.13 | 2.27 - 2.37 | ENSGALG00000048179
chr4:20300000_20340000 40 | fst low 54 -77 0.16-0.21 67-113 | 0.26-0.32 | 5.57 - 7.02 | FGA, FGB, FGG, PLRG1
chr4:21060000_21080000 20 | fst high 93 -93 1.33-1.33 193-193 | 0.26-0.26 | 5.55 - 5,55 | ENSGALG00000049888 (LncRNA)
chr4:21910000_21930000 20 | xp-ehh low 82 - 82 3.11-3.11 166 - 166 | 0.04-0.04 | 0.26 - 0.26 | C4H40ORF46, ETFDH, RXFP1
chr4:40090000_40110000 20 | xp-ehh high | 132-132 3.04-3.04 200-200 | 0.14-0.14 | 2.65 - 2.65 | TENM3
chr4:40120000_40140000 20 | xp-ehh high | 146 - 146 3.01-3.01 225-225 1 0.19-0.19 | 3.81 - 3.81 | TENM3
chr4:40250000_40280000 30 | fst high | 167-171 2.29-2.35 279-309 | 0.25-0.26 | 5.38 - 5.76 | TENM3
chr4:40470000_40510000 40 | fst high | 69 -114 2.63-2.65 202-241 | 0.24-0.27 | 5.13 - 6.01 | TENM3
chr4:40760000_40860000 100 | fst high | 96 - 204 2.34-2.8 146 -355 | 0.24-0.33 | 5.09 - 7.42 | ENSGALG00000050037 (LncRNA)
chr4:40880000_40910000 30 | fst high 67-76 2.52 - 2.56 125-143 | 0.24-0.3 | 5.05 - 6.53 | ENSGALG00000050037 (LncRNA)
chr4:40930000_40980000 50 | fst high | 109 - 180 121-15 234-278 | 0.3-0.36 | 6.58 - 8.21 | ENSGALG00000050037 (LncRNA)
chr4:42050000_42070000 20 | fst high 20-20 1.86 - 1.86 38-38 | 0.26-0.26 | 5.68 - 5.68 | ENSGALG00000047221 (LncRNA)
chr4:42130000_42150000 20 | fst high | 108 - 108 1.87-1.87 170-170 | 0.25-0.25 | 5.38 - 5.38 | ENSGALG00000054340 (LncRNA)
chr4:42900000_42950000 50 | fst high | 67 -103 1.98-2.21 166 -216 | 0.24-0.3 | 5.09 - 6.54 | GALNTL6

. . ENSGALG00000046857 (LncRNA),
chr4:43220000_43300000 80 | xp-ehh high | 164 - 265 3.02-4.03 281-384 | 0.14-0.2 | 261 - 421 GALNT7, HMGB2

. . ENSGALG00000033311 (LncRNA),
chr4:43390000_43420000 30 | fst high | 103-128 2.38-2.39 137-198 | 0.24-0.27 | 5.15 - 599 ENSGALG00000052572 (LncRNA)
chr4:46290000_46310000 20 | fst high | 207 -207 1-1 386-386 | 0.24-0.24 | 5.22 - 522 | LIN54
chr4:46450000_46470000 20 | fst high | 200 - 200 2.24-2.24 395-395 | 0.26-0.26 | 5.68 - 5.68 | ABRAXAS1, HELQ, MRPS18C
chr4:48290000_48310000 20 | fst high | 173-173 0.53-0.53 248-248 | 0.32-0.32 | 7.26 - 7.26 | ADGRL3
chr4:48300000_48330000 30 | fst low | 183-185 0.5-0.53 285-296 | 0.28-0.35 6.19 - 8 ADGRL3
chr4:50860000_50970000 110 | fst high | 117-201 0.6-0.77 238-347 | 0.24-0.34 | 5.05 - 7.73 | IL8, IL8L1, PPBP, RASSF6
chr4:66820000_66840000 20 | xp-ehh low | 281-281 3.19-3.19 479-479 | 0.08-0.08 | 1.29 - 1.29 | ENSGALG00000014200

. . ENSGALG00000047307 (LncRNA),
chr4:75670000_75710000 40 | xp-ehh high | 143-176 3.06-3.17 227-282 | 0.13-0.19 | 2.45 - 3.79 ENSGALG00000052764 (LncRNA)
chr4:76500000_76560000 60 | xp-ehh high | 238 -305 3.05-3.57 366-491 | 0.12-0.14 | 2.05 - 254 | Proml
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ENSGALG00000052751 (LncRNA),

Chr4:85560000_85580000 | 20 | xp-ehh | high | 364-364 | 301-301 |565-565 | 0.06-006 | 0.59 - 059 | [N O
¢hr5:1190000_1210000 20 | xp-ehh | high | 279-279 | 317-317 | 433-433 | 014-0.14 | 2.62 - 2.62 | gga-mir-1808, RMDN3
chr5:1860000_1880000 20 | fst low | 233-233 | 2.35-2.35 | 409-409 | 0.24-024 | 508 - 508 | BETIL, NADSYNL, RICBA, VPS51
chr5:13530000_13570000 | 40 | xpehh | high | 201-205 | 3.01-326 | 327-342 | 0.06-0.06 | 0.75 - 0.77 | KCNQL

. ] . _ _ _ _ _ ENSGALGO0000051988 (LNcRNA),
chr5:17550000_17580000 | 30 | xp-ehh | high | 114-135 | 308-311 | 259-272 | 0.14-0.5 | 266 - 291 | C\2CALG00000057004 (HERNA
chr5:48350000_48370000 | 20 | xpehh | low | 235-235 | 312-312 | 348-348 | 0.13-0.13 | 231 - 231 | CYP46AL, ENSGALG00000036286
chr6:17050000_17090000 | 40 | xpehh | low | 322-334 | 3.01-347 | 478-526 | 0.04-0.09 | 0.07 - 138 | EIF3F, ENSGALG00000051819
chr6:25320000_25350000 | 30 | fst high | 254-283 | 18-196 | 409-435 | 0.24-0.26 | 5.08 - 559 | ENSGALG00000050593 (LncRNA)

_ . _ _ _ _ _ ENSGALG00000054720 (LNcRNAY),
chr6:26870000_26890000 | 20 | fst high | 181-181 | 063-063 | 308-308 | 024-024 | 522 - 522 | CrCGA 00000054669 (LICRNA)
chr7:29270000_29290000 | 20 | fst high | 97-97 | 123-123 | 245-245 | 0.07-027 | 58 - 58 | DPPI0
chr7:31520000_31560000 | 40 | xpehh | high | 137-212 | 3.03-339 | 208-322 | 0.19-0.22 | 3.98 - 4.67 | ENSGALG00000048656
Cchr7:33280000_33310000 | 30 | xp-ehh | low | 156-174 | 339-347 |312-324 | 0.08-0.11 | 106 - 191 | Cho>ALG00000053032 (LNGRNA)
chr7:33900000_33920000 | 20 | fst high | 155-155 | 2.37-2.37 | 289-289 | 0.24-024 | 524 - 524 | ENSGALGO0000041782 (LncRNA)
chr7:35150000_35170000 | 20 | xp-ehh | low | 216-216 | 3.50-351 | 404-404 | 0.11-011 | 182 - 1.82 | RIFL
chr7:35350000_35410000 | 60 | fst low | 188-282 | 1.24-2.47 | 362-467 | 0.24-034 | 525 - 7.55 | CACNBA, STAM2
chr7:36110000_36130000 | 20 | fst high | 200-200 | 0.29-0.29 | 382-382 | 0.26-026 | 57 - 57
chr8:8120000_8140000 20 | xp-ehh | high | 321-321 | 3.13-313 | 423-423 | 0.05-0.05 | 052 - 0.52 | COLGALT2
chr8:8160000_8180000 20 | xp-ehh | high | 176-176 | 3.09-3.09 | 345-345 | 015-0.15 | 2.95 - 2.95
chr8:25180000_25200000 | 20 | xpehh | low | 223-223 | 3.16-316 | 342-342 | 0.08-0.08 | 1.16 - 1.16
chr9:10680000_10710000 | 30 | fst low | 163-206 | 0.67-0.67 | 255-326 | 0.26-027 | 573 - 58 | PLSI, TRPCL

_ _ . _ _ _ _ _ ENSGALG00000047059 (LNcRNAY),
chr9:14300000_14330000 | 30 | xp-ehh | high | 195-205 | 301-33 | 381-436 | 0.04-005 | 024 - 0.44 | \ZCAr 000000 008 (Lncn
chr9:18740000_18780000 | 40 | xp-ehh | high | 153-161 | 3.03-321 | 277-303 | 0.08-0.14 | 1.04 - 2.78 | NAALADL2
CNr9:18810000_18870000 | 60 | xp-ehh | high | 141-213 | 315-350 |280-337 | 0.11-0.18 | 197 - 354 | LNSCALG00000048975 (LNGRNA)
chr9:18990000_19010000 | 20 | xpehh | high | 155-155 | 3.19-319 |301-301 | 01-01 | 1.78 - 1.78 | NLGN1

DUOX2, RBPMS2,
¢hr10:1520000_1580000 | 60 |xp-ehh | high | 125-179 | 3.06-328 |209-337 | 0.11-0.16 | 1.94 - 3.13 | ENSGALGO0000036706 (ncRNA),
SORD

chr10:6490000_6520000 | 30 | fst high | 57-105 | 22-228 | 170-250 | 0.25-029 | 541 - 65 | TIP1

229




Supplementary Tables

chr10:6820000_6870000 50 ;(S‘i'ehh high | 153-183 | 329-337 |254-299 | 0.24-031 | 525 - 6.82 | oo/ LG000000S3LT (MIRNA),
chr10:13660000 13690000 | 30 | xp-ehh | high | 213-261 | 3.21-332 | 414-508 | 0.19-022 | 3.97 - 469 | NTRK3
chr10:20310000_20340000 | 30 | xp-ehh | high | 198-231 | 3.21-3.33 | 369-423 | 0.11-0.12 | 1.83 - 2.07 | FRMD5, WDR76
chr11:13300000 13330000 | 30 | fst low | 211-250 | 0.76-0.92 | 264-307 | 0.24-0.24 | 5.1 - 511
chr11:15360000 15390000 | 30 | xp-ehh | high | 220-288 | 3.16-3.26 | 372-446 | 0.1-0.14 | 1.69 - 2.64 | ATMIN, CENPN, CMC2
chr13:18270000 18290000 | 20 | xp-ehh | high | 116-116 | 3.05-3.05 | 191-191 | 0.04-0.04 | 0.07 - 0.07 | KCTD16
chr14:4740000_4760000 20 | fst high | 164-164 | 098-0.98 | 354-354 | 024-0.24 | 51 - 51 | ARPCIA
chr14:7480000_7510000 30 | xp-ehh | high | 161-197 | 3.07-3.16 | 268-343 | 0.14-0.14 | 2.57 - 2.72 | HS3ST4
chr14:13190000_13210000 | 20 | fst low | 433-433 | 2.19-2.19 | 553-553 | 0.04-024 | 5.21 - 521 | CLUAPL
chr14:15390000_15410000 | 20 | fst high| 20-29 | 157-157 | 78-78 | 0.24-0.24 | 5.26 - 5.26 Sg'asfnf\rﬁ%%%mfé?sgz
chr15:7220000_7250000 30 | xp-ehh | high | 201-204 | 3.07-321 | 362-366 | 0.09-0.09 | 1.41 - 1.42 | KIAAL671, SGSM1
chr15:9890000_9920000 30 | xp-ehh | low | 189-207 | 3.05-3.07 |312-329] 007-009 | 1-15 |CIT
chr17:3160000_ 3180000 20 | xp-ehh | low | 219-219 | 3.12-3.12 | 360-360 | 0.01-0.01 | -0.46 - -0.46 | ENSGALGO0000050469 (LncRNA)
chr17:5520000_ 5540000 20 | fst high | 196-196 | 2.26-2.26 | 389-389 | 0.23-0.23 | 5.02 - 502 | SPTANL
chr18:850000_890000 40 | xp-ehh | high | 166-172 | 3.1-3.17 | 331-333 | 0.08-01 | 115 - 156 | MYOCD
chr18:1360000 1390000 30 | xp-ehh high | 151-197 3.11-3.11 310-392 | 0.14-045 | 2.7 - 291
CRLF3, ENSGALGO0000047593
chr18:6530000_6610000 80 |xp-ehh | high | 172-291 | 3.05-316 |235-422 | 0.1-013 | 157 - 2.36 | (LncRNA), ENSGALGO00000051036
(LncRNA). UTP6
chr18:7220000_7240000 20 | xp-ehh | high | 164-164 | 3.02-302 | 284-284 | 04-01 | 155 - 155 | CACNGL, CACNGA
AFMID, ARL16,
ENSGALG00000019795 (LncRNA),
ENSGALG00000027822,
chr18:9840000_9910000 70 |xpehh | low | 97-146 | 304-37 | 202-309 | 0.41-06 | 189 - 323 | CNoCA G000000386s1 GCGR, HGS,
MRPL12, SLC25A10, SYNGR2, TK1,
TMC6
chr20:1570000_1590000 20 | fst high | 147-147 | 106-106 | 198-198 | 025-0.25 | 54 - 54 | ASIP
chr33:6470000_6500000 30 | fst low | 4-5 0.76-1.38 | 12-22 | 04-05 | 9.14 - 11.7 | DRAPL, KAT5, UQCC3, RELA
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Table S4.2f. Candidate selection signature regions and overlapping genes detected from analyses of the LandUse. (SSR_ID: selection signature
regions 1D as chromosome:start_stop position. DD: directionality of selection).

no. of absolute no. of weidhted
size | detection SNPs per value of SNPs Fs? or ZFst per
SSR_ID DD XP-EHH mean per Fst Stp window Overlapping genes
(kb) | method . ; window
window XP-EHH_std | window (range)
(range)
(range) (range) (range)
chr1:50910000_50930000 | 20 | xpehh | low | 143-143 | 322-322 | 266-266 | 0.06-0.06 | 123 - 123 | SO\ IE ENSGALGO000005377S,
chr1:55450000 55470000 | 20 | fst high | 107-107 | 15-15 | 339-339 | 0.23-023 | 6.26 - 6.26 | WASHC3
_ . ADIPOR2, CHUNK-1
chr1:60930000_60980000 | 50 | xpehh | high | 177-235 | 33-465 [319-373 | 006-007 | 115 - 15 | A0 ORE CHUNEL
chr1:64470000 64500000 | 30 | fet high | 197-226 | 162-1.66 | 278-355 | 0.19-0.25 | 5.05 - 6.91 | PLEKHAS
chr1:65410000_65430000 | 20 | fst low | 170-171 | 2.93-2.93 |285-285 | 0.19-0.19 | 5.18 - 5.18 ?Lcn’é;h’AE)NSGALGOOOOOO48674
chr1:90440000 90540000 100 | xp-ehh low 163 - 280 3.24-394 | 253-418 | 0.08-0.15 | 1.71 - 3.81 | EPHA3
chr1:92310000 92360000 | 50 | xp-ehh | low | 142-166 | 3.22-347 | 416-477 | 0.11-0.12 | 2.78 - 2.04 | ENSGALGO0000049116 (LncRNA)
chr1:97580000 97610000 | 30 | fet low | 96-126 | 143-146 | 187-224 | 0.19-0.21 | 509 - 56 | ROBOL
chr1:97640000 97660000 | 20 | fst low | 71-71 | 1.98-198 | 156-156 | 0.21-0.21 | 5.79 - 5.79 | ROBOL
chr1:104680000_104700000 | 20 | fst low | 60-60 | 146-146 | 119-119 | 0.19-0.19 | 503 - 5.03
chr1:110150000_110180000 | 30 | xp-ehh | low | 171-200 | 3.11-321 | 295-330 | 0.1-011 | 2.33 - 2.68 ?G%E,iAENSGALGOOOOO%OSS
chr1:110220000_110270000 | 50 | xp-ehh | low | 133-166 | 3.18-353 | 259-308 | 0.1-013 | 2.25 - 3.23 | FAM3B, MXL, TMPRSS2
hr1:110360000_110400000 | 40 | xp-ehh | low | 184-207 | 302-347 | 356-307 | 0.07-015 | 143 - 384 | Saoor CO0000051940 (LncRNA)
chr1:112400000_112430000 | 30 | fet low | 10-10 | 2.84-284 | 361-403 | 02-021 | 531 - 561 | EFHC2
chr1:112490000 112520000 | 30 | xp-ehh | low | 112-154 | 3.03-321 | 257-310 | 0.05-0.1 | 0.93 - 2.46 | NDP
chr1:112830000_112850000 | 20 | fst low | 63-63 | 2.31-231 | 191-191 | 0.21-0.21 | 5.73 - 5.73
chr1:112870000_112890000 | 20 | fst low | 119-119 | 251-251 | 202-202 | 0.19-0.19 | 501 - 5.01
ATP6AP2, ENSGALG00000032773
chr1:113570000_113610000 | 40 | xp-ehh | low | 192-295 | 3.06-324 |352-424 | 0.07-01 | 1.49 - 2.28 | (LncRNA), ENSGALG00000053145
(LncRNA)
chr1:113630000_113700000 | 70 |xp-ehh |low | 47-190 | 3.01-336 |139-354 | 0.06-0.13 | 1.1 - 3.15 | SCOR, ENSGALGO0000046706

(LncRNA)

231




Supplementary Tables

chr1:115280000 115300000 | 20 | fst low | 117-117 | 246-246 |196-196 | 0.19-0.19 | 5.16 - 5.16 | TMEM47
chr1:126420000 126450000 | 30 | xp-ehh | low | 218-274 | 3.08-3.11 | 356-441 | 0.02-0.03 | -0.02 - 0.32 | SHROOM?
chr1:126750000 126770000 | 20 | xp-ehh | low | 224-224 | 3.06-3.06 | 332-332 | 0.12-0.12 | 2.86 - 2.86
chr1:127170000 127470000 | 300 | *P€MN 10w | 65-219 3-405 | 105-349 | 0.03-022 | 0.17 - 5.91 | ENSGALG00000048400 (LncRNA),
- and/or fst gga-mir-7448
chr1:127530000 127560000 | 30 | xp-ehh | low 47 -58 312-315 | 149-190 | 0.13-0.15 | 3.19 - 3.97
¢hr1:127750000_127980000 | 230 | PN Tiow | 21-108 | 222-348 | 81-203 | 0.09-024 | 2.1 - 7.34 | ENSGALGO0000052885 (LncRNA),
- and/or fst PUDP, STS
chr1:128010000_128300000 | 290 Zﬁdelg:‘fst low 21-85 221-337 | 74-158 | 0.04-0.32 | 0.46 - 9.05 | NLGN4Y, gga-mir-1397
chr1:128350000_128470000 | 120 Zﬁde/[l? | Tow 14 - 59 313-353 | 52-101 | 0.03-0.2 | 0.28 - 5.27 | ENSGALG00000016628
chr1:128510000 128560000 | 50 | fst low 10- 23 246-255 | 44-55 | 02-022 | 533 - 597
_ xp-ehh ] ] ] ] ] ENSGALG00000049563,
chr1:128960000_129350000 | 390 | JhCTL | low 7-159 3.03-459 | 88-224 | 0.02-029 | 0.09 - 814 | Cy oy Coooonieo oo
chr1:130650000 130670000 | 20 | xp-ehh | low | 141-141 | 3.06-3.06 | 237-237 | 0.1-01 | 2.23 - 2.23
chr1:132470000 132490000 | 20 | fst low | 189-189 | 2.05-2.05 |375-375| 02-02 | 521 - 521 | GABRG3
, ENSGALG00000049876 (LncRNA),
chr1:137220000_137250000 | 30 | fst low | 233-251 | 196-205 |327-341| 019-02 | 514 - 538 | o ef Z00000052777 (LnoRNA)
. ] ] ] ] ] ] ENSGALG00000049876 (LNcRNA),
chr1:137260000_137310000 | 50 | xp-ehh |low | 166-211 | 303-387 | 251-348 | 0.11-013 | 251-33 | fuely 00000052777 (LnoRNA)
chr1:144290000 144320000 | 30 | fst low | 113-138 | 2.73-2.86 | 303-336 | 0.19-02 | 519 - 525 | TPP2
chr1:156070000 156100000 | 30 | fst high | 129-162 | 1.74-201 | 273-309 | 0.2-0.22 | 5.48 - 584
chr1:163380000 163430000 | 50 | fst low | 124-160 | 012-0.18 | 208-268 | 0.22-031 | 6 - 8.65 | ENSGALG00000048185
chr1:163440000 163520000 | 80 | fst low 76 - 183 0.78-1.76 | 147-277 | 0.19-0.27 | 5.08 - 7.42 | ENSGALG00000050889 (LncRNA)
chr1:167560000_167600000 | 40 | xp-ehh | high | 224-246 | 3.33-3.71 | 352-383 | 0.03-0.05 | 0.31 - 0.84 | DGKH
chr1:173090000 173120000 | 30 | fst low | 250-294 | 0.13-0.18 | 352-396 | 0.19-0.2 | 5.05 - 5.38 | ENSGALG00000049925 (LncRNA)
chr1:187380000 187400000 | 20 | fst high | 246-246 | 104-104 | 492-492 | 0.19-0.19 | 5.14 - 5.14 | SLC36A4
chr1:194700000 194720000 | 20 | fst high | 258-258 | 1.06-106 | 394-394 | 0.21-0.21 | 5.67 - 5.67 | CAPN5
chr2:3530000 3550000 20 | xpehh | low | 182-182 | 3.35-3.35 | 442-442 | 013-0.13 | 3.2 - 32 | MYL3
chr2:3970000_ 4000000 30 | xpehh | high | 236-247 | 3.11-323 | 376-386 | 0.08-0.08 | 1.72 - 1.89 | SETD2
chr2:10240000 10270000 30 | xpehh | low | 205-224 | 3.27-3.44 | 408-422 | 0.16-0.16 | 407 - 41 | DIP2C
chr2:26130000 26150000 20 | fst low | 145-145 | 076-0.76 | 222-222 | 022-022 | 586 - 586 | PHF14
chr2:26190000 26220000 30 | fst low 89-98 15-169 | 115-160 | 0.19-02 | 507 - 5.25 | PHF14
chr2:27820000 27840000 20 | fst low 48 - 48 136-1.36 | 111-111] 0.19-019 | 519 - 5.19 | AGMO, ENSGALG00000051512
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(LncRNA)

chr2:27870000_ 27900000 30 | fst low 104 - 110 1.19-141 |207-213 | 0.19-0.2 5 - 5.26 AGMO
chr2:27930000_28030000 100 | fst low 27-154 1.2-1.76 145-323 | 0.21-0.41 5135 AGMO
chr2:30120000 30140000 20 | fst low 203 - 203 165-165 |327-327 | 0.19-0.19 | 5.14 - 5.14 | ENSGALG00000052719 (LncRNA)
chr2:32130000 32250000 120 | xp-ehh high 137 - 362 3.58-455 | 243-550 | 0.09-0.15 | 2.13 - 3.74 | CBX3, HNRNPA2B1, SNX10
chr2:38790000 38850000 60 | xp-ehh low 170 - 216 3.33-348 | 316-510 | 0.04-0.18 | 0.52 - 4.84 | AZI2
chr2:38990000 39020000 30 | fst low 94 -98 0.65-0.78 | 204-242 | 0.19-0.2 | 5.05 - 541 | RBMS3
chr2:39780000 39810000 30 | xp-ehh low 153 - 207 3.02-31 288-338 | 0.07-0.09 | 1.32 - 2.14 | TGFBR2
chr2:40530000 40600000 70 | xp-ehh low 21 - 261 3.05-3.74 42-406 | 0.06-0.16 | 1.17 - 417 | TCAIM
chr2:44890000_44960000 70 | xp-ehh high 203 -218 3-3.28 203-336 | 0.07-01 | 156 - 2.48
chr2:45670000_45700000 30 | xp-ehh high 183 -190 3.11-321 | 251-260 | 0.07-0.07 | 1.54 - 155
chr2:47480000_47500000 20 | xp-ehh low 191-191 3.12-3.12 | 276-276| 0.09-0.09 | 1.92 - 1.92 | BMPER
chr2:54590000 54620000 30 | fst low 203 - 217 1.2-1.23 286-289 | 0.2-0.22 54 - 59
chr2:54640000 54720000 80 | fst low 53-132 0.21-091 [ 192-271]0.21-0.38 | 5.71 -10.75 | ADCY1
chr2:73300000 73320000 20 | fst low 25-25 0.62-062 |105-105| 0.2-0.2 5.46 - 5.46 | ENSGALG00000012941
chr2:73430000 73490000 60 | fst low 57 -88 0.52-1.08 71-120 | 0.19-0.27 | 5.07 - 7.56
chr2:82270000_82290000 20 | fst high 15-15 0.6-0.6 26 - 26 0.2-0.2 5.22 - 5.22 | VSTM2A
chr2:82330000_82360000 30 | fst high 4-7 1.06 - 1.09 18-20 | 0.21-0.26 | 5.58 - 7.07
chr2:82370000_82390000 20 | fst high 11-11 0.71-0.71 64-64 | 0.19-0.19 | 5.04 - 5.04
chr2:82580000_82600000 20 | fst high 15-15 1.79-179 |130-130 | 0.19-0.19 | 5.06 - 5.06

] . ENSGALG00000049837,
chr2:82630000_82770000 140 | fst high 27-168 1.03-1.63 70-231 0.2-0.3 5.25 - 8.37 ENSGALGO0000051256 (LncRNA)
chr2:82790000_82840000 50 | fst high 61-71 1.42-17 74-102 | 0.19-0.22 | 5.01 - 5.97 | ENSGALG00000049962 (LncRNA)

) . ENSGALG00000049962 (LncRNA),
chr2:82850000_82940000 90 | fst high 47 - 83 1.19-1.69 76-119 | 0.2-0.35 | 5.47 - 9.92 ENSGALGO0000051615 (LncRNA)
chr2:99490000 99530000 40 | fst low 174 - 221 0.55-0.83 | 311-417 ] 0.19-0.21 | 5.19 - 552 | ENSGALG00000042652, LAMA1
chr2:103540000 103570000 | 30 | xp-ehh low 58 - 90 3-3.03 217-264 | 0.1-0.12 | 2.25 - 291
chr2:117230000 117290000 | 60 | xp-ehh high 170 - 243 3.34-35 246-352 | 0.09-0.13 | 2.13 - 3.23
chr2:117840000 117860000 | 20 | fst high 193-193 2.61-261 | 268-268 | 0.19-0.19 | 5.09 - 5.09 | STAU2
chr2:117960000 118010000 | 50 | fst high 142 - 183 1.1-1.62 213-308 | 0.21-0.27 | 5.73 - 7.47 | UBE2W
chr2:128080000 128150000 | 70 | xp-ehh low 131-214 3.12-337 |208-294 | 0.07-0.13 | 1.44 - 3.37
chr3:10700000 10720000 20 | fst low 149 - 149 112-1.12 321-321 | 0.19-0.19 | 5.15 - 5.15 | SPRED2
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hr3:34260000_34320000 | 60 | PN iow | 131181 | 287-3 | 210-274 | 0.19-028 | 5.04 - 7.71 | KIF26B, SMYD3
chr3:36150000_36170000 | 20 | fst high | 63-63 17-17 | 132-132 | 02-02 | 548 - 548 | RGS7
chr3:71120000_71150000 | 30 | fst low | 100-102 | 146-159 | 232-236 | 0.19-019 | 5 - 5.06
chr3:76980000 77000000 | 20 | fst low | 188-188 | 1.5-1.15 | 267-267 | 0.19-0.19 | 506 - 506 | NT5E
chr3:77630000 77650000 | 20 | xp-ehh |low | 216-216 | 3.01-3.01 | 355-355 | 0.03-0.03 | 0.36 - 0.36 | SNAP91
chr3:91040000 91060000 | 20 | xp-ehh | high | 203-203 | 3.18-3.18 | 273-273 | 0.11-0.11 | 2.65 - 265 | DLGAP2
chr3:94950000 94970000 | 20 | xp-ehh | high | 141-141 | 3.16-3.16 | 232-232 | 0.02-0.02 | 0.01 - 0.01 | ENSGALG00000026867 ("cRNA)
chr3:97030000_97100000 | 70 ;‘Sﬁ'er‘h/ high | 166-200 | 2.76-323 |285-341| 0.09-019 | 217 - 5.6
chr3:103450000 103490000 | 40 | xp-ehh | high | 103-165 | 3.05-3.68 | 174-220 | 0.05-0.07 | 0.94 - 1.44
chr3:103660000 103680000 | 20 | xp-ehh | high | 203-203 | 3.21-3.21 | 280-280 | 0.06-0.06 | 1.01 - 101
chr3:106970000 107000000 | 30 | xp-ehh | low | 294-299 | 3.27-3.34 | 443-482 | 0.07-0.13 | 1.36 - 3.1
chr4:3190000_3220000 30 | xpehh | low | 143-166 | 3.05-3.09 | 357-362 | 0.13-0.15 | 3.39 - 3.94 | KLHLY
ENSGALG00000047098 (LncRNA),
chr4:4590000_4620000 30 | xp-ehh [low | 165-195 | 3.09-3.12 |274-293 | 0.07-009 | 1.38 - 201 | ENSGALG00000049919 (LncRNA),
ENSGALG00000052627 (LncRNA)
chr4:12480000 12510000 | 30 | xp-ehh |low | 166-199 | 3.01-3.02 | 310-365 | 0.06-0.08 | 1.16 - 1.77 | NEXMIF
chr4:24070000_24090000 | 20 | xp-ehh | high | 152-152 | 3.06-3.06 | 237-237 | 0.07-0.07 | 1.44 - 144 | TLLL
chr4:24350000_24400000 | 50 | xp-ehh | high | 48-145 | 3.18-361 | 135-284 | 0.09-0.18 | 2.14 - 469
chr4:24440000_24480000 | 40 | xp-ehh | high | 75-179 3-352 | 134-312 | 0.1-048 | 2.39 - 4.83 | ENSGALGO0000051758 (LncRNA)
chr4:25570000_25600000 | 30 | fst high | 171-211 | 2.26-241 | 284-317 | 02-0.23 | 533 - 6.16
ENSGALG00000046909 (LNcRNA),
ENSGALG00000047918 (LNcRNA),
chr4:25890000_26440000 | 550 | xp-ehh | high | 55-197 | 3.02-402 | 85-301 | 0.05-0.18 | 0.98 - 462 | ENSGALGO0000049671 (LNcRNAY),
ENSGALGO00000050306 (LncRNA),
ENSGALG00000050784 (LncRNA)
chr4:26520000_26600000 | 80 | xp-ehh | high | 54-110 | 3.06-3.32 | 120-177 | 0.05-0.09 | 0.71 - 2.19 | ENSGALG00000053826 (LncRNA)
chr4:27670000_27690000 | 20 | fst high | 67-67 | 0.75-0.75 | 115-115 | 0.21-0.21 | 5.56 - 556
chr4:20220000_29300000 | 80 | xp-ehh | high | 233-317 | 3.11-3.27 | 449-530 | 0.09-0.12 | 1.94 - 2.86 | ELF2, MGARP, NAAL5
chr4:36410000_36480000 | 70 | fst high | 91-155 | 0.21-059 | 153-367 | 0.19-0.26 | 5.04 - 7.05 | ENSGALGO0000047741
chr4:54270000_54310000 | 40 | fst high | 97-182 | 068-141 |175-290 | 0.25-0.32 | 6.93 - 8.96 (Pn'ig,':l"j)' ENSGALGO0000026726
chr4:54330000_54390000 | 60 | fst low | 155-233 | 05-1.32 | 244-316 | 0.2-0.23 | 53 - 622 | ENSGALG00000053393 (LncRNA)
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Chr4:56140000_56170000 | 30 | XS liow | 112125 | 289-301 |182-223 | 0.19-021 | 512 - 554 | NDST4
chr4:72710000_72730000 | 20 | fst low | 75-75 | 2027-227 | 125-125| 02-02 | 532 - 532
chr4:75600000_75620000 | 20 | fst high | 55 207-207 | 79-79 | 019-0.19 | 513 - 513
chr4:75690000_75810000 | 120 | XP®M | high | 08-171 | 312-366 |164-253 | 012-02 | 3.09 - 54 | CNoCALG00000052764 (LNcRNA),
and/or fst NCAPG
chr5:6840000_6860000 20 | xpehh | high | 229-229 | 3.07-307 | 383-383 | 0.03-003 | 0.12 - 012
chr5:6880000_6910000 30 | xpehh | high | 245-279 | 3.11-319 | 377-416 | 0.06-008 | 1.9 - 187
chr5:35600000_35660000 | 60 | xp-ehh | high | 88-142 | 306-3.14 | 126-191 | 0.11-0.13 | 2.59 - 3.39 | NPAS3
chr5:40630000_40710000 | 80 | fst low | 119-241 | 151-219 |168-289 | 022-028 | 584 - 7.88 | Lr°CALG00000020680 (MIRNA),
chr5:44410000_44430000 | 20 | xp-ehh | high | 276-276 | 304-3.04 | 324-324 | 0.05-0.05 | 0.99 - 0.99 | DGLUCY, GPR68
chr5:47570000_47600000 | 30 | fst low | 152-156 | 2.33-2.35 | 107-207 | 0.21-021 | 553 - 5.62 | ENSGALG00000050961 (LNcRNA)
BEGAIN, ENSGALG00000051728
chr5:48990000_49080000 | 90 | fst high | 6-13 | 221-221 | 83-183 | 0.19-025 | 511 -7 | (LNcRNA),
ENSGALG00000053427 (LncRNA)
, ENSGALG00000053209 (LncRNA),
chr5:51290000_51350000 | 60 | fst low | 147-205 | 015-074 | 233-308 | 0.19-026 | 5.0L - 725 | £)3CA Co00000e4o01 \LIeRNA
chr5:58190000_56230000 | 40 | xp-ehh | low | 214-217 | 319-332 | 347-424 | 0.03-004 | 0.21 - 0.56 | FRMDS, GNG2
chr6:16050000_16080000 | 30 | fst low | 88-99 | 271-282 | 264-272 | 0.22-023 | 6.05 - 6.24 | ADK
_ . ENSGALGO0000048378 (LNcRNA),
chr6:20130000_20160000 | 30 | fst high | 127-13 | 168-189 |190-233 | 0.21-021 | 554 - 568 | foon Ciodtood Sl Rty
chr6:20200000_20220000 | 20 | fst high | 237-237 | 189-189 | 443-443 | 02-02 | 529 - 529 | SLCI6AL2
chr6:21520000_21550000 | 30 | xp-ehh | low | 180-187 | 3.05-3.08 | 304-312 | 0.07-0.07 | 15 - 157 | CYP26AL, CYP26CL, EXOC6
chr6:21690000_21760000 | 70 | fst low | 285-398 | 09-2.93 | 400-568 | 0.19-023 | 5 - 6.33 | IDE, KIF11
chr6:21780000_21820000 | 40 | fst low | 234-271 | 151-198 | 366-439 | 0.19-0.19 | 501 - 508 | CPEB3, MARCHS
chr6:31450000_31470000 | 20 | fst low | 128-128 | 151-151 | 243-243 | 0.19-019 | 501 - 501
chr7:26010000_26050000 | 40 | xp-ehh | low | 135-212 | 3.02-3.24 | 298-340 | 0.08-0.17 | 1.82 - 4.37 | TFCP2L1
chr7:30200000_30220000 | 20 | xp-ehh | high | 164-164 | 301-3.01 | 342-342 | 0.07-0.07 | 1.35 - 1.35 | ENSGALGO0000055018 (LNCRNA)
chr7:31520000_31550000 | 30 | fst high | 167-178 | 0.93-097 | 305-306 | 0.19-0.19 | 5.11 - 515 | ENSGALG00000048656
chr8:1520000_1570000 50 | fst low | 176-247 | 1.06-229 | 258-312 | 0.19-022 | 5.09 - 591 | ENSGALG00000046646, VAV3
chr8:3060000_3080000 20 | fst low | 131-131 | 2.53-253 | 343-343 | 0.19-0.19 | 503 - 503 | ENSGALG00000002431
chr8:3330000_3350000 20 |xp-ehh | low | 243-243 | 303-303 |356-356 | 0.12-0.12 | 296 - 296 | CNSCA GON000080080 (LA
chr8:5750000_5770000 20 | xpehh | low | 196-196 | 3.53-353 | 367-367 | 0.13-013 | 3.06 - 3.26
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chr8:20050000_20080000 | 30 | fst low | 200-242 | 2.65-2.92 |344-377 | 0.26-029 | 7.04 - 8.16 | MEDS, SZT2
chr8:23790000_23810000 | 20 | xpehh | low | 166-166 | 3.03-3.03 | 284-284 | 0.07-007 | 137 - 1.37 | BENDS
chr8:24150000_24180000 | 30 | xpehh | high | 169-208 | 3.01-3.06 | 255-293 | 0.06-007 | 13 - 16 | FAFL
chr8:20170000_29220000 | 50 | xpehh | low | 117-175 | 3.05-317 | 191-264 | 0.1-0.14 | 2.36 - 358
chr9:8290000_8310000 20 | xp-ehh | low | 275-275 | 3.03-3.03 | 468-468 | 0.07-0.07 | 1.39 - 1.39
chr9:8410000_8440000 30 | xpehh | low | 205-214 | 3.08-3.15 | 396-414 | 0.04-0.05 | 0.66 - 0.79 | AP1S3
ENSGALGO0000047096 (LNcRNAY),
ENSGALG00000049140 (LncRNAY),
ENSGALG00000050658 (LncRNAY),
chr9:18190000_18420000 | 230 | xp-ehh | low | 135-219 | 302-391 |260-388 | 0.01-012 | -042 - 3.01 | ENSGALG00000050910 (LncRNA),
ENSGALG00000051388 (LncRNAY),
ENSGALG00000054169 (LncRNAY),
ENSGALG00000054791 (LncRNA)
chr10:2310000_2330000 20 | xp-ehh | low | 146-146 | 3.05-305 | 336-336 | 0.08-0.08 | 1.69 - 169 | NEO1
chr10:10470000_10500000 | 30 | fst low | 178-189 | 087-108 |263-201 | 02-021 | 520 - 551 | oo LG00000051344 (LneRNA)
chr11:5940000_5970000 30 | xpehh |low | 118-169 | 3.01-3.37 | 280-415 | 0.05-0.07 | 0.91 - 1.39 | SALLL
chr11:13140000_13170000 | 30 | fst low | 184-203 | 0.63-0.68 | 254-271 | 0.19-0.19 | 505 - 51 | ENSGALG00000050348 (LncRNA)
chr11:13240000_13270000 | 30 | fst low | 186-224 | 032-04 | 249-284 | 019-02 | 505 - 54 | ENSGALG00000050348 (LncRNA)
chr12:2810000_2840000 30 | xp-ehh | low | 249-308 | 3.17-341 | 429-474 | 0.03-0.03 | 0.13 - 0.19 | IP6KL
chr12:8330000_8370000 40 |xpehh | low | 120-148 | 3.05-311 |195-224 | 0.12-0.13 | 2.92 - 3.36
chr13:2150000_2170000 20 | fit low 9-9 026-026 | 36-36 | 019-019 | 503 - 503 | PFDNI
chr13:7880000_7920000 30 | fit low | 170-200 | 1.09-1.68 | 234-267 | 0.19-0.19 | 504 - 5.14
chr13:11300000_11330000 | 30 | fst high | 193-206 | 0.76-1.13 | 332-345 | 0.19-0.22 | 5.11 - 6.01 | SPINK6, UBLCPL
chr13:17870000_17900000 | 30 | fst low | 91-123 | 2-2.35 | 247-281 | 021-021 | 563 - 565 | GNPDAL NDFIPL, RNF14
chr14:13980000_14010000 | 30 | xpehh | low | 159-237 | 3.17-329 | 235-338 | 0.08-0.1 | 1.71 - 2.25 | ABCA3
chr14:14660000_14690000 | 30 | xp-ehh | low | 204-338 | 3.08-3.14 | 419-459 | 0.03-004 | 033 - 0.62 | MAPKSIP3
chr14:14740000_14760000 | 20 | xpehh | low | 172-172 | 3.06-3.06 | 296-296 | 0.05-0.05 | 0.96 - 0.9 | GLYRI
chr15:4550000_4590000 40 | xpehh | high | 203-264 | 3.02-3.21 | 363-414 | 0.02-0.03 | -0.02 - 0.21 | TMEM132B
chr18:6570000_6590000 20 | xpehh | high | 193-193 | 3.15-315 |296-296 | 01-0.1 | 2.35 - 235 | UTP6, UTP6
chr22:850000_880000 30 | fit low 7-9 212-214 | 23-33 | 022-023 | 588 - 6.12 | EBF2
FNDC5, HPCA, KIAAL522,
¢hr23:5400000_5450000 50 |xp-ehh | low | 120-165 | 3.06-329 |256-362 | 0.03-0.05 | 0.29 - 0.81 | RNF19B,
YARS
chr26:1810000_1840000 30 | xpehh | low | 157-176 | 3.4-356 | 357-380 | 0.09-0.11 | 1.92 - 264 | MDM4, PIK3C2B
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chr26:3940000_3970000

30

fst

low

244 - 260

1.65-2.22

378 - 384

0.21-0.21

5.59 - 5.73
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ENSGALG00000002170,
ENSGALG00000002511,
ENSGALG00000054224

chr27:7660000_7710000

50

xp-ehh

low

48 - 103

3.18-3.61

112 - 184

0.05-0.09

0.97 - 2.17

ENSGALG00000003282,
ENSGALG00000003345,
gga-mir-12256, gga-mir-12257,
GHDC, HCRT, KCNH4, RAB5C

chr28:4520000_4570000

50

fst

low

42 -129

2.02 - 2.57

150 - 216

0.2-0.23

5.4 -6.22

CIB3, ENSGALG00000050334
(LncRNA), RABBA, TPM4
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Table S4.3a. Candidate SNP list from signature analysis for minTemp population group. (Only SNPs with large differences in allele frequency
(dAAF>0.5) between Low and High groups are included. At least one SNP with dAAF>0.5 for each candidate gene is included. [dAAF|: difference
in allele frequency between Low and High group).

Low Low High High | &, a¢ )?AAF
snplD rs_id ref | alt annotation gene gene ID g;g;’f g;g;; gprgglp gprg;zp in Low Hlir;h IdAAF]|
AAF | AAF | aaF | aarF | 9P | group
chr2l 3340742 rs315879878 | G | T | intronic ENSGALG00000002506 | SPSB1 0.80 0.85 0.40 0.15 0.83 0.28 0.55
chr26 4160183 rs317851952 | A | T | upstream ENSGALG00000002675 0.95 0.85 0.40 0.25 0.90 0.33 0.58
chr26_ 4179927 rs736970763 | C | G | intronic ENSGALG00000002692 0.90 0.80 0.30 0.20 0.85 0.25 0.60
chrl8 5095581 rs741306978 | G | A | intronic ENSGALG00000002954 | MBTD1 0.85 0.80 0.25 0.15 0.83 0.20 0.63
chrl8 5105184 rs732629913 | T | C | downstream ENSGALG00000002985 | UTP18 0.85 0.80 0.00 0.20 0.83 0.10 0.73
chrl8 5099822 rs738364253 | A | G | nonsynonymous | ENSGALG00000002985 | UTP18 0.80 0.80 0.00 0.20 0.80 0.10 0.70
chrl8 5097158 rs314168808 | C | T | nonsynonymous | ENSGALGO00000002985 | UTP18 0.85 0.80 0.25 0.15 0.83 0.20 0.63
chrl8 5097978 rs313980559 | C | A | nonsynonymous | ENSGALG00000002985 | UTP18 0.80 0.80 0.25 0.20 0.80 0.23 0.58
chrl8 5156846 rs317312418 | T | C | intronic ENSGALG00000002993 | CA10 0.95 0.80 0.05 0.40 0.88 0.23 0.65
chrl8 6579283 rs15826593 G | A | upstream ENSGALG00000003260 | UTP6 0.15 0.25 0.90 0.80 0.20 0.85 0.65
chrl 197380178 | na A | G | intronic ENSGALG00000003416 | FAM160A2 0.90 0.85 0.40 0.30 0.88 0.35 0.53
chrl4 1629928 rs735581328 | A | G | intronic ENSGALGO00000003562 | NPTX2 0.80 0.75 0.05 0.40 0.78 0.23 0.55
chr21 5235097 na G | T | downstream ENSGALG00000004097 | LRRC38 0.75 0.75 0.30 0.10 0.75 0.20 0.55
chrl4 3947909 rs736665750 | G | T | intronic ENSGALG00000004420 | SDK1 0.75 0.90 0.05 0.30 0.83 0.18 0.65
chrl4 5131529 na A | C | intronic ENSGALG00000004816 0.70 0.75 0.15 0.15 0.73 0.15 0.58
chrl4 5142884 rs738767944 | C | T | UTR3 ENSGALG00000004834 | COPS3 0.75 0.75 0.15 0.15 0.75 0.15 0.60
chrl4 5155289 na G | C | intronic ENSGALG00000004842 | NT5M 0.70 0.80 0.10 0.20 0.75 0.15 0.60
chr5 17263013 na G | A | downstream ENSGALG00000004845 | TIMM10 0.85 0.75 0.10 0.15 0.80 0.13 0.68
chrl9 7460814 rs14122580 A | G | intronic ENSGALG00000005160 | VMP1 0.75 0.85 0.30 0.25 0.80 0.28 0.53
chr2_4618697 rs317672568 | A | G | intronic ENSGALGO00000005710 | CTDSPL 0.25 0.25 0.95 0.70 0.25 0.83 0.58
chr7_ 6760479 rs10723271 G | T | nonsynonymous | ENSGALGO00000005974 | COL6A1 0.80 0.85 0.15 0.30 0.83 0.23 0.60
chr2 5051731 rs734773228 | A | G | intronic ENSGALG00000006025 | XIRP1 0.65 0.80 0.30 0.10 0.73 0.20 0.53
chr5 16925158 rs316806623 | G | A | UTR3 ENSGALG00000007127 0.75 0.90 0.05 0.10 0.83 0.08 0.75
chr5 16957578 rs315213418 | A | T | UTR3 ENSGALGO00000007178 | FADS2 0.10 0.15 0.90 0.80 0.13 0.85 0.73
chr5 16944732 rs15673184 A | G | nonsynonymous | ENSGALG00000007178 | FADS2 0.55 0.75 0.00 0.15 0.65 0.08 0.58
rs105951140

chr5 16967014 1 A | C | intronic ENSGALG00000007203 | RAB3IL1 0.85 0.90 0.10 0.25 0.88 0.18 0.70
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chr5_16973935 rs734597481 | C | T | nonsynonymous | ENSGALG00000007203 | RAB3IL1 090 | 085 | 030 | 035 | 0.88 | 0.33 0.55
chrl0 18147314 | na C | T | intronic ENSGALG00000007252 | ANKDD1A 085 | 075 | 025 | 015 | 0.80 | 0.20 0.60
chrl0 18164060 | rs315348044 | A | G | intronic ENSGALG00000007262 | SPG21 090 | 075 | 025 | 0.20 | 0.83 | 0.23 0.60
rs105921769
chr5 17182206 | 5 G |A |UTRs ENSGALG00000007287 085 | 0.9 | 030 | 015 1 090 | 0.23 | 0.68
chrl0 18171192 | rs14952795 T | C | intronic ENSGALG00000007289 | CLPX 010 | 035 | 0.75 | 0.75 | 023 | 0.75 0.53
chr5 17197342 rs15673614 C | T | intronic ENSGALG00000007330 | CTNND1 020 | 010 | 085 | 085 | 0.15 | 0.85 0.70
chr5 17231117 rs317045995 | T | C | nonsynonymous | ENSGALG00000007341 | MED19 055 | 075 | 015 | 0.10 | 0.65 | 0.13 0.53
chr5_17242235 rs740651106 | T | C | upstream ENSGALG00000007362 | ZDHHC5 085 | 0.70 | 010 | 0.05 | 0.78 | 0.08 0.70
chr5_17248017 rs739291012 | G | C | downstream ENSGALG00000007370 | CLP1 095 | 080 | 015 | 0.10 | 0.88 | 0.13 0.75
rs105783409
chr5 17252599 7 C | T | intronic ENSGALG00000007374 | YPEL4 0.75 0.75 0.10 0.20 0.75 0.15 0.60
rs105892011
chr5 17261040 | 7 T |c |uTrs ENSGALG00000007381 095 | 095 | 020 | 035 ) 095 ) 028 | 068
chr5_17256023 rs739581191 | C | G | nonsynonymous | ENSGALGO00000007381 005 | 015 | 070 | 0.60 | 0.10 | 0.65 0.55
chr5_17256193 rs739661866 | C | T | nonsynonymous | ENSGALGO00000007381 020 | 025 | 075 | 0.75 | 023 | 0.75 0.53
chrl 196930434 | na T | C | upstream ENSGALG00000007441 | MAP6 090 | 080 | 035 | 025 | 0.85 | 0.30 0.55
chr5_17283707 na C | T | intronic ENSGALG00000007520 | SSRP1 080 | 0.75 | 0.05 | 0.30 | 0.78 | 0.18 0.60
chrl8 10410366 | na C | T | UTR3 ENSGALG00000007713 070 | 0.70 | 030 | 0.00 | 0.70 | 0.5 0.55
chr4_ 14107250 rs737145126 | T | C | intronic ENSGALG00000008282 | ATG4A 085 | 075 | 010 | 025 | 0.80 | 0.18 0.63
chrl 27533032 rs741250331 | G | A | intronic ENSGALG00000009485 | IMMP2L 010 | 0.20 | 0.70 | 0.65 | 0.15 | 0.68 0.53
chr27 5719783 rs315239810 | G | T | intronic ENSGALG00000009943 | FAM117A 0.70 | 090 | 0.05 | 035 | 0.80 | 0.20 0.60
chr27_ 5715201 rs317359923 | C | T | intronic ENSGALG00000009944 | KAT7 025 | 0.05 | 090 | 0.80 | 0.5 | 0.85 0.70
chr5_ 34721145 rs314147964 | A | G | intronic ENSGALG00000009983 | NUBPL 085 | 0.85 | 0.00 | 045 | 085 | 0.23 0.63
chr8 24344580 rs313880413 | C | T | intronic ENSGALG00000010539 | RNF11 005 | 010 | 075 | 0.70 | 0.08 | 0.73 0.65
chr3 36713864 rs80704816 C | T | intronic ENSGALG00000010778 | CHRM1 025 | 015 | 090 | 0.75 | 0.20 | 0.83 0.63
chrl 49902052 rs738966909 | A | G | nonsynonymous | ENSGALG00000012003 | XPNPEP3 090 | 075 | 040 | 0.5 | 0.83 | 0.28 0.55
chrl 49891637 rs730966112 | C | G | nonsynonymous | ENSGALG00000012003 | XPNPEP3 090 | 0.70 | 030 | 025 | 0.80 | 0.28 0.53
chrl 49932449 na G | A | intronic ENSGALG00000012013 | SLC25A17 090 | 075 | 025 | 0.20 | 0.83 | 0.23 0.60
chrl_50054793 rs740590617 | G | A | nonsynonymous | ENSGALG00000012024 | MRTFA 095 | 080 | 030 | 0.20 | 0.88 | 0.25 0.63
chrl 50054827 rs734326086 | C | T | nonsynonymous | ENSGALG00000012024 | MRTFA 095 | 0.80 | 0.30 | 0.20 | 0.88 | 0.25 0.63
chrl 56032224 rs13870546 G | A | intronic ENSGALG00000012792 | HIPK2 015 | 010 | 0.70 | 0.85 | 0.13 | 0.78 0.65
chrl 56228517 rs312403160 | G | T | intronic ENSGALG00000012796 065 | 095 | 020 | 025 | 0.80 | 0.23 0.58
chrl_ 56239018 rs315472386 | A | G | nonsynonymous | ENSGALG00000012796 055 | 010 | 085 | 085 | 0.33 | 0.85 0.53
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chrl 56240399 rs15277089 T | A | nonsynonymous | ENSGALG00000012796 055 | 010 | 085 | 0.85 | 0.33 | 0.85 0.53
chr2_68088249 rs316937055 | G | A | intronic ENSGALG00000012888 | PHLPP1 010 | 010 | 095 | 0.60 | 0.10 | 0.78 0.68
chr4 63136574 rs733978669 | A | G | UTR3 ENSGALG00000013646 | VPS37A 0.70 | 090 | 010 | 025 | 0.80 | 0.8 0.63
chr4_ 63912289 na T | C | intronic ENSGALG00000013684 | SGCZ 080 | 0.75 | 025 | 0.10 | 0.78 | 0.8 0.60
chr4_65679957 rs318134095 | G | A | intronic ENSGALG00000013940 | LNX1 080 | 095 | 015 | 055 | 0.88 | 0.35 0.53
chr5_16420305 rs315888203 | T | C | upstream ENSGALG00000014152 010 | 015 | 090 | 0.60 | 0.13 | 0.75 0.63
chrl 77832373 rs313794401 | T | C | intronic ENSGALG00000014468 | MLF2 020 | 040 | 085 | 0.80 | 0.30 | 0.83 0.53
chrl 109134117 | rs732503598 | A | G | intronic ENSGALG00000016059 | ETS2 085 | 090 | 0.30 | 040 | 0.88 | 0.35 0.53
chrl 109639334 | rs739509160 | G | A | intronic ENSGALG00000016138 | DSCAM 015 | 0.05 | 065 | 0.60 | 0.10 | 0.63 0.53
chrl 111026718 | rs317526225 | C | T | intronic ENSGALG00000016196 0.70 | 095 | 030 | 0.05 | 0.83 | 0.18 0.65
chr3 108234307 | rs740753540 | T | C | intronic ENSGALG00000016680 | TFAP2B 090 | 090 | 020 | 040 | 0.90 | 0.30 0.60
chrl 145479945 | rs316657473 | T | C | intronic ENSGALG00000016872 | PCCA 085 | 090 | 035 | 0.20 | 0.88 | 0.28 0.60
chrl 197374203 | na G | C | downstream ENSGALG00000017299 | RPS11 090 | 080 | 030 | 015 | 0.85 | 0.23 0.63
chrl 195837260 | na C | G | intronic ENSGALG00000017304 | PGM2L1 095 | 085 | 015 | 025 | 0.90 | 0.20 0.70
chrl 195827151 | na C | G | nonsynonymous | ENSGALG00000017304 | PGM2L1 090 | 080 | 015 | 035 | 085 | 0.25 0.60
chrl 197289816 | na G | A | upstream ENSGALG00000017347 | HBBR 095 | 080 | 040 | 0.20 | 0.88 | 0.30 0.58
chrl8 10416434 | na T | A | nonsynonymous | ENSGALG00000019755 0.70 | 0.70 | 035 | 0.00 | 0.70 | 0.8 0.53
chr3 108310019 | rs312701210 | C | A | intronic ENSGALG00000019842 | TFAP2D 095 | 085 | 030 | 0.20 | 0.90 | 0.25 0.65
chr5_17269803 rs740320098 | A | G | intronic ENSGALG00000020479 | SLC43A3 090 | 075 | 010 | 0.10 | 0.83 | 0.10 0.73
chr5_17278237 rs731898985 | A | G | nonsynonymous | ENSGALG00000020479 | SLC43A3 080 | 0.70 | 0.15 | 015 | 0.75 | 0.5 0.60
chr5_16904462 rs737081707 | G | C | intronic ENSGALG00000020485 065 | 0.80 | 005 | 015 | 0.73 | 0.10 0.63
chr21 2007660 rs315268906 | G | C | intronic ENSGALG00000021676 085 | 0.80 | 0.00 | 0.30 | 0.83 | 0.15 0.68
chrl_ 197390872 | na G | A | nonsynonymous | ENSGALG00000022704 090 | 080 | 015 | 040 | 0.85 | 0.28 0.58
chrl8 10429868 | rs738416634 | G | A | intronic ENSGALG00000027789 | RAB37 0.70 | 0.70 | 030 | 0.05 | 0.70 | 0.18 0.53
chrl 197283369 | na G | A | UTR3 ENSGALG00000028273 | HBE1 095 | 080 | 045 | 0.20 | 0.88 | 0.33 0.55
chr4_ 89590013 rs735474386 | G | A | intronic ENSGALG00000030602 | ADAM33 060 | 060 | 0.00 | 015 | 0.60 | 0.08 0.53
chrl 195808059 | na A | G | downstream ENSGALG00000030652 090 | 0.80 | 005 | 0.20 | 0.85 | 0.13 0.73
chrl_ 197267802 | na G | A | nonsynonymous | ENSGALG00000030885 | OR51M1 095 | 075 | 030 | 0.10 | 0.85 | 0.20 0.65
chr23 2992673 rs734052742 | C | T | intronic ENSGALG00000031440 | PTPRU 090 | 0.80 | 0.30 | 0.20 | 0.85 | 0.25 0.60
chr21_ 1998185 rs739470072 | A | T | UTR3 ENSGALG00000032413 | NADK 0.80 | 0.80 | 0.00 | 035 | 0.80 | 0.18 0.63
chr5_17264521 na G | A | nonsynonymous | ENSGALG00000032903 | RTN4RL2 085 | 075 | 010 | 0.20 | 0.80 | 0.15 0.65
chrl 468193 rs735888526 | A | G | ncRNA_intronic | ENSGALG00000033919 005 | 010 | 070 | 0.70 | 0.08 | 0.70 0.63
chrl 197417380 | na C | G [ intronic ENSGALG00000034004 | TRIM3 095 | 085 | 015 | 055 | 0.90 | 0.35 0.55
chrl_197418047 | na A | G | nonsynonymous | ENSGALG00000034004 | TRIM3 095 | 090 | 025 | 055 | 0.93 | 0.40 0.53

240




Supplementary Tables

chrl 196804406 | na T |G | intronic ENSGALG00000034967 | GDPD5 090 | 080 | 025 | 035 | 085 | 030 | 055
chrl 197277566 | na A | G | upstream ENSGALG00000035309 | HBE 0.95 | 080 | 045 | 020 | 0.88 | 033 | 055
chri2 3121160 | na C | T [ intronic ENSGALG00000035578 | RBM®6 0.75 | 075 | 0.00 | 0.20 | 0.75 | 0.10 | 0.5
chrl 197401060 | na C | T | nonsynonymous | ENSGALG00000036106 | SMPD1 0.90 | 0.80 | 015 | 0.35 | 085 | 025 | 0.60
chrl 197401171 | na G | A | nonsynonymous | ENSGALG00000036106 | SMPD1 0.90 | 0.80 | 015 | 0.35 | 0.85 | 025 | 0.60
chr2 43430775 | 1s735453043 | A | G | upstream ENSGALG00000036110 0.75 | 080 | 025 | 020 | 0.78 | 023 | 055
chr8 23765614 | 1s741698490 | C | T | intronic ENSGALG00000036909 | BEND5 0.60 | 0.65 | 0.00 | 010 | 063 | 005 | 058
chrl 197438282 | na A | G | intronic ENSGALG00000037839 | ARFIP2 0.05 | 020 | 075 | 0.70 | 043 | 0.73 | 0.60
chr2 43920885 | na G | A | upstream ENSGALG00000038646 | EIF1B 0.80 | 075 | 0.05 | 040 | 078 | 023 | 055
chrl 197395093 | na C | T | downstream ENSGALG00000039837 | CCKBR 0.90 | 0.80 | 015 | 0.35 | 0.85 | 025 | 0.60
chr5_ 17280906 | na G | A | ncRNA intronic | ENSGALGO0000040479 | P2RX3 0.80 | 075 | 0.00 | 030 | 078 | 015 | 063
chr5_ 17280624 | na C | T | ncRNA exonic | ENSGALGO0000040479 | P2RX3 0.80 | 075 | 0.05 | 030 | 078 | 018 | 0.60
chr5 17280173 | 15314385185 | G | A | ncRNA exonic | ENSGALG00000040479 | P2RX3 020 | 025 | 095 | 0.70 | 023 | 0.83 | 0.60
chr5_ 17280159 | 1s318189997 | T | C | ncRNA exonic | ENSGALG00000040479 | P2RX3 015 | 025 | 0.90 | 0.65 | 020 | 0.78 | 058
chrid 4909738 | 1s736382989 | C | A | intronic ENSGALG00000041285 | MAP2K3 0.65 | 0.80 | 010 | 020 | 0.73 | 015 | 058
chr2 43959021 | rs317408968 | T | C | intronic ENSGALG00000041372 0.05 | 015 | 0.85 | 045 | 010 | 065 | 055
chrl 197438993 | na G | C [ intronic ENSGALG00000042572 0.00 | 020 | 075 | 0.70 | 010 | 0.73 | 063
chr2 42164063 | na G | T | intronic ENSGALG00000043415 | ACPP 0.60 | 0.80 | 010 | 0.25 | 070 | 018 | 053
chr5 17275619 | 15794312629 | G | A | UTR3 ENSGALG00000043860 | PGR2/3 0.75 | 065 | 020 | 015 | 070 | 018 | 053
chrl 197225428 | na G | A | intronic ENSGALG00000044591 | OR51E2 100 | 0.80 | 0.25 | 025 | 0.90 | 0.5 | 065
chra 89603283 | rs16453444 | G | A | intronic ENSGALG00000044620 0.80 | 0.90 | 0.00 | 045 | 0.85 | 023 | 063
rs105978078
chr5 17258173 | 2 A | G | nonsynonymous | ENSGALG00000046098 | UBE2L6 0.0 | 085 | 015 025 | 088 | 020 | 068
chrl 197404221 | na T ¢ [intronic ENSGALG00000046164 | APBB1 0.95 | 080 | 015 | 035 | 088 | 025 | 063
chrd 43496808 | 1s738114890 | G | C | ncRNA intronic | ENSGALGO0000046699 0.75 | 0.80 | 005 | 025 | 0.78 | 015 | 063
chrl 49880947 | rs736613178 | T | A | ncRNA intronic | ENSGALG00000046744 0.90 | 0.70 | 030 | 0.25 | 0.80 | 028 | 053
chr20 4516141 | 1s314237836 | G | C | ncRNA intronic | ENSGALG00000046818 0.85 | 0.70 | 020 | 015 | 0.78 | 018 | 0.60
chr3 108130465 | 1s312702646 | G | C | ncRNA intronic | ENSGALGO0000047869 0.90 | 0.95 | 045 | 025 | 0.93 | 035 | 058
chrl 109515507 | rs732840204 | G | T | intronic ENSGALG00000047890 | PCP4 0.75 | 090 | 015 | 0.35 | 0.83 | 025 | 058
chrd 43505891 | rs741120306 | T | C | ncRNA intronic | ENSGALG00000048030 0.05 | 015 | 095 | 055 | 010 | 075 | 0.65
chrd 43502734 | 15313378340 | G | A | ncRNA exonic | ENSGALG00000048030 0.75 | 0.80 | 005 | 025 | 0.78 | 015 | 063
chrl 197263129 | na T | A | downstream ENSGALG00000048553 | OR52R1 0.95 | 0.90 | 040 | 0.35 | 0.93 | 038 | 055
chr2 43538627 | na T [ C | downstream ENSGALG00000048965 0.75 | 0.80 | 025 | 025 | 0.78 | 025 | 053
chr6 27327782 | na T | A | ncRNA exonic | ENSGALG00000049592 0.60 | 0.85 | 010 | 010 | 0.73 | 010 | 063
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gga-mir-
chr2_43926924 | na A | G | downstream | ENSGALG00000049942 | 7457 08 | 0.70 | 015 | 035 | 078 | 0.25 | 0.3
ncRNA_splicin
chra_43442934 | 1s314348884 | C | G | g ENSGALG00000050160 080 | 075 | 005 ] 0157 078 | 010 | 0.68
chr4_ 43434441 rs315414306 | C | T | ncRNA_exonic | ENSGALG00000050160 0.80 | 0.70 | 0.05 | 025 | 0.75 | 0.15 0.60
chr6_ 25333139 na G | A | ncRNA _intronic | ENSGALG00000050593 0.70 | 0.70 | 0.00 | 0.20 | 0.70 | 0.10 0.60
chr6_25331885 na G | T | ncRNA_exonic | ENSGALG00000050593 065 | 0.70 | 0.00 | 0.20 | 0.68 | 0.10 0.58
chr3 107835173 | rs317318272 | A | G | nonsynonymous | ENSGALG00000050753 0.75 | 080 | 015 | 035 | 0.78 | 0.25 0.53
chr3 43733903 rs312669753 | G | A | ncRNA intronic | ENSGALG00000051296 0.80 | 090 | 025 | 0.20 | 0.85 | 0.23 0.63
chr6_ 27270359 rs312608923 | G | A | ncRNA exonic | ENSGALG00000051688 0.75 | 090 | 025 | 030 | 0.83 | 0.28 0.55
chrl 97184538 rs736739044 | A | G | ncRNA intronic | ENSGALG00000051825 0.75 | 055 | 010 | 015 | 0.65 | 0.13 0.53
chr5_17564981 rs741666407 | T | G | ncRNA intronic | ENSGALG00000051988 0.75 | 080 | 010 | 015 | 0.78 | 0.13 0.65
chr6_ 27321826 rs739968199 | T | A | ncRNA exonic | ENSGALG00000052216 060 | 085 | 0.10 | 0.10 | 0.73 | 0.10 0.63
ncRNA_splicin
chra_ 43422571 | 1s734941354 | T | C | g ENSGALG00000052572 080 | 0.75 | 005 | 035 | 0.78 | 020 | 058
chr4d_ 43422589 rs313243968 | C | A | ncRNA exonic | ENSGALG00000052572 080 | 0.75 | 0.05 | 035 | 0.78 | 0.20 0.58
chrl4 5124954 rs732505121 | G | A | downstream ENSGALG00000052641 | PLD6 0.70 | 080 | 010 | 015 | 0.75 | 0.13 0.63
chr4 52721011 rs312579587 | C | T | ncRNA intronic | ENSGALG00000052662 015 | 025 | 0.80 | 090 | 0.20 | 0.85 0.65
chrl_ 197280636 | na G | A | nonsynonymous | ENSGALGO00000052767 095 | 080 | 045 | 020 | 0.88 | 0.33 0.55
chrl_ 197280967 | na T | C | nonsynonymous | ENSGALG00000052767 095 | 080 | 045 | 020 | 0.88 | 0.33 0.55
chrl_ 197280970 | na G | A | nonsynonymous | ENSGALGO00000052767 095 | 080 | 045 | 020 | 0.88 | 0.33 0.55
chrl 37164801 rs315096302 | T | A | ncRNA_exonic | ENSGALG00000052790 0.70 | 095 | 015 | 025 | 0.83 | 0.20 0.63
chr20_4587434 rs738582207 | G | C | ncRNA intronic | ENSGALG00000052811 095 | 090 | 030 | 030 | 0.93 | 0.30 0.63
chr2_42108399 rs14170918 C | T | ncRNA intronic | ENSGALG00000052910 0.65 | 090 | 0.00 | 0.30 | 0.78 | 0.15 0.63
chrl 197231010 | na C | T | intronic ENSGALG00000053527 095 | 080 | 025 | 0.15 | 0.88 | 0.20 0.68
chr5_17193485 rs315097836 | A | C | UTR3 ENSGALG00000053601 | LPXN 0.80 | 090 | 015 | 025 | 0.85 | 0.20 0.65
chr5_ 17191121 na G | T | nonsynonymous | ENSGALG00000053601 | LPXN 075 | 075 | 015 | 010 | 0.75 | 0.13 0.63
chr5_ 17190919 na G | T | nonsynonymous | ENSGALG00000053601 | LPXN 070 | 075 | 045 | 010 | 0.73 | 0.3 0.60
chr5 17191232 rs731490047 | A | G | nonsynonymous | ENSGALG00000053601 | LPXN 020 | 0.20 | 0.85 | 0.65 | 0.20 | 0.75 0.55
chrl_ 197252179 | na G | A | nonsynonymous | ENSGALG00000053623 085 | 075 | 020 | 0.10 | 0.80 | 0.5 0.65
chr3 43756481 rs315338151 | T | C | ncRNA exonic | ENSGALG00000053691 0.80 | 090 | 0.30 | 0.30 | 0.85 | 0.30 0.55
chr3 107854024 | rs312965298 | G | C | ncRNA exonic | ENSGALG00000053865 0.75 | 085 | 0.15 | 040 | 0.80 | 0.28 0.53
chr2_43463850 rs316715125 | T | G | intronic ENSGALG00000053882 080 | 085 | 030 | 015 | 0.83 | 0.23 0.60
chr2_43924111 na G | T | nonsynonymous | ENSGALG00000054003 080 | 0.70 | 0.05 | 040 | 0.75 | 0.23 0.53
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chrl 197243456

na

downstream

ENSGALG00000054014

0.95

0.80

0.25

0.10

Supplementary Tables

0.88

0.18

0.70

chr23 2186018

na

intronic

ENSGALG00000055006

AHDC1

0.85

0.85

0.25

0.20

0.85

0.23

0.63

Table S4.3b. Candidate SNP list from signature analysis for preSeasonality population group. (Only SNPs with large differences in allele frequency
(dAAF>0.5) between Low and High groups are included. At least one SNP with dAAF>0.5 for each candidate gene is included. |[dAAF|: difference
in allele frequency between Low and High group).

Low

Low

High

High

. . group group group group .XAAF XAAF
snplD rs_id ref | alt annotation gene gene ID opl | pop2 | popl | popz | MLow | inHigh |dAAF|
AAF | AAF | AAF | AAF | 9rouP | group

chrl9_1762984 rs431878943 | C | T | intronic ENSGALG00000001153 | AUTS2 094 | 070 | 050 | 0.11 | 0.82 031 0.52
chr23_4374321 rs318042596 | A | G | intronic ENSGALG00000002346 | CLSPN 0.67 | 065 | 0.15 | 0.06 | 0.66 0.10 0.56
chr23_4372637 rs733769530 | A | G | nonsynonymous | ENSGALG00000002346 | CLSPN 0.67 | 070 | 0.30 | 0.00 | 0.68 0.15 0.53
chrll_1672079 rs14958343 | A | G | intronic ENSGALG00000002458 | VAC14 022 | 030 | 0.80 | 1.00 | 0.26 0.90 0.64
chr22_2620465 na C | T | intronic ENSGALG00000003299 | NSD3 050 | 0.85 | 0.10 | 0.00 | 0.68 0.05 0.63
chr6_12475073 rs740736721 | A | G | intronic ENSGALG00000004569 | UNC5B 083 | 075 | 030 | 0.22 | 0.79 0.26 0.53
chr20_6577639 rs317369497 | T | C | intronic ENSGALG00000004758 | KCNB1 078 | 070 | 015 | 0.11 | 0.74 0.13 0.61
chr4_2746828 rs317632014 | A | T | intronic ENSGALG00000005853 | HTR2C 0.83 | 050 | 0.00 | 0.06 | 0.67 0.03 0.64
chrl_13966666 rs316266545 | C | T | intronic ENSGALG00000008154 | SRPK2 0.06 | 035 | 0.75 | 0.78 | 0.20 0.76 0.56
chrl_13953265 rs317668098 | A | G | intronic ENSGALG00000008167 | KMT2E 0.00 | 0.15 | 0.60 | 0.67 | 0.08 0.63 0.56
chrl_13950303 rs316302097 | G | A | nonsynonymous | ENSGALG00000008167 | KMT2E 0.00 | 015 | 060 | 0.56 | 0.08 0.58 0.50
chrl_12937368 rs313777231 | A | T | intronic ENSGALG00000008301 | FAM185A | 0.72 | 0.70 | 0.25 | 0.17 | 0.71 0.21 0.50
chrl_12920502 rs13831816 | T | C | UTR3 ENSGALG00000008306 | FGL2 0.00 | 015 | 065 | 0.72 | 0.08 0.69 0.61
chrl_12914788 rs739994118 | G | A | intronic ENSGALG00000008309 089 | 070 | 0.15 | 0.06 | 0.79 0.10 0.69
chr6_25058737 rs15800502 | G | A | intronic ENSGALG00000008318 | SLK 044 | 035 | 090 | 094 | 040 0.92 0.53
chr3_5561217 rs315780117 | G | A | intronic ENSGALG00000008725 | KIF16B 094 | 070 | 0.15 | 0.39 | 0.82 0.27 0.55
chr5_28923353 rs316888789 | G | C | intronic ENSGALG00000009491 | RAD51B 078 | 075 | 040 | 0.11 | 0.76 0.26 0.51
chr3_20239718 rs741653393 | C | T | intronic ENSGALG00000009645 | ESRRG 0.83 | 0.80 | 0.40 | 0.22 | 0.82 031 0.51
chr3_ 21969178 rs740864445 | A | G | intronic ENSGALG00000009822 | TMEM206 | 0.56 | 0.60 | 0.00 | 0.00 | 0.58 0.00 0.58
chr4_30278252 rs316385750 | C | T | intronic ENSGALG00000009880 | INPP4B 072 | 075 | 010 | 0.11 | 0.74 0.11 0.63
chr5_48776717 rs315241281 | C | G | UTR5 ENSGALG00000011228 | WARS 061 | 050 | 0.00 | 0.06 | 0.56 0.03 0.53
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chr4_60959651 rs316313507 | A | C | intronic ENSGALG00000012319 | SLC9B2 067 | 065 | 025 | 0.06 | 0.66 0.15 0.51
chr4_60979707 rs737134967 | A | T | intronic ENSGALG00000012338 | BDH2 089 | 0.80 | 035 | 028 | 0.84 0.31 0.53
chr7_33207317 rs731995024 | C | T | intronic ENSGALG00000012424 | GTDC1 0.78 | 0.80 | 0.25 | 0.17 | 0.79 0.21 0.58
chr7_35151474 rs317912233 | G | A | intronic ENSGALG00000012484 | RIF1 017 | 010 | 0.80 | 0.72 | 0.13 0.76 0.63
chr7_35164267 rs16614439 | T | G | nonsynonymous | ENSGALG00000012484 | RIF1 0.06 | 005 | 060 | 0.67 | 0.05 0.63 0.58
chr7_36105598 rs313025143 | A | G | intronic ENSGALG00000012543 | GPD2 022 | 030 | 0.75 | 0.83 | 0.26 0.79 0.53
chr2_69272916 rs314642495 | G | C | intronic ENSGALG00000012917 | CDH6 078 | 0.80 | 030 | 0.11 | 0.79 0.21 0.58
chr3 70967885 rs736804304 | C | T | intronic ENSGALG00000015466 | SIM1 017 | 020 | 065 | 0.72 | 0.18 0.69 0.50
chr3_80453177 rs314160172 | C | T | intronic ENSGALG00000015898 | MYO6 044 | 035 | 090 | 094 | 0.40 0.92 0.53
chr4 89968685 rs737780359 | A | T | intronic ENSGALG00000016098 | EXOC6B 006 | 045 | 080 | 0.78 | 0.25 0.79 0.54
chr3_86092927 rs314877271 | T | C | intronic ENSGALG00000016276 | KHDRBS2 | 094 | 0.80 | 0.35 | 0.06 | 0.87 0.20 0.67
chr3_86692518 rs734012915 | C | T | intronic ENSGALG00000016278 | PRIM2 072 | 080 | 015 | 0.06 | 0.76 0.10 0.66
chr3_86745844 rs730944091 | A | T | intronic ENSGALG00000016279 | RAB23 011 | 025 | 060 | 094 | 0.18 0.77 0.59
chrl 178331570 | rs314191305 | A | T | intronic ENSGALG00000017106 | ATP8A2 094 | 070 | 035 | 0.28 | 0.82 0.31 0.51
chr2_94079426 rs741513456 | G | T | intronic ENSGALG00000019509 017 | 005 | 070 | 056 | 0.11 0.63 0.52
chr3_86764582 rs15417056 | A | G | intronic ENSGALG00000026605 | BAG2 100 | 075 | 045 | 0.22 | 0.88 0.34 0.54
chr5_48793409 rs733995268 | G | A | intronic ENSGALG00000028897 | WDR25 039 | 040 | 095 | 0.89 | 0.39 0.92 0.53
chrl_464307 rs733041205 | G | A | ncRNA intronic | ENSGALG00000033919 0.78 | 090 | 030 | 033 | 0.84 0.32 0.52
chr3_32612124 rs14336777 | A | G | ncRNA intronic | ENSGALG00000035137 083 | 0.70 | 0.15 | 0.06 | 0.77 0.10 0.66
chr7_35389628 rs317824661 | T | A | intronic ENSGALG00000035466 | CACNB4 083 | 0.70 | 0.10 | 0.06 | 0.77 0.08 0.69
chrl 52409419 rs15267228 | A | G | ncRNA intronic | ENSGALG00000036131 0.78 | 0.75 | 0.15 | 0.17 | 0.76 0.16 0.61
chr6_12545812 rs736886375 | G | A | intronic ENSGALG00000036824 | CDH23 0.67 | 065 | 0.15 | 0.00 | 0.66 0.08 0.58
chr9_ 12559730 rs13607342 | T | C | downstream ENSGALG00000038512 | AGTR1 033 | 0.35 | 085 | 0.89 | 0.34 0.87 0.53
chr23 4365109 rs314218782 | C | T | intronic ENSGALG00000039713 | AGO4 0.72 | 0.70 | 0.30 | 0.00 | 0.71 0.15 0.56
chr20_1104430 rs731765162 | C | T | intronic ENSGALG00000040856 | CPNE1 0.17 | 0.20 | 0.80 | 0.72 | 0.8 0.76 0.58
chr7_33832456 rs315244744 | A | G | ncRNA intronic | ENSGALG00000041782 094 | 085 | 0.00 | 0.28 | 0.90 0.14 0.76
chrl 134822995 | na C | A | intronic ENSGALG00000045388 | RFX8 1.00 | 070 | 0.20 | 0.28 | 0.85 0.24 0.61
chr4_ 74231552 rs80710144 | G | T | ncRNA intronic | ENSGALG00000046053 022 | 0.35 | 090 | 0.89 | 0.29 0.89 0.61
chr2_148164284 | rs314286815 | A | G | ncRNA_intronic | ENSGALG00000047330 0.72 | 0.70 | 0.10 | 0.06 | 0.71 0.08 0.63
chr7_33829465 rs15886171 | C | T | ncRNA_exonic | ENSGALG00000047423 011 | 010 | 0.70 | 056 | 0.11 0.63 0.52
chr3 50852764 rs16275293 | A | C | ncRNA intronic | ENSGALG00000047502 094 | 080 | 045 | 0.28 | 0.87 0.36 0.51
chr3 71652581 rs16298732 | A | G | ncRNA intronic | ENSGALG00000047943 0.78 | 0.80 | 025 | 0.17 | 0.79 0.21 0.58
chr3 71653988 rs739129986 | C | T | ncRNA_exonic | ENSGALG00000047943 0.78 | 0.70 | 020 | 0.17 | 0.74 0.18 0.56
chr4_ 74184142 rs733020532 | G | A | ncRNA intronic | ENSGALG00000048521 011 | 010 | 065 | 078 | 011 0.71 0.61
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chr4 74190773 rs14490489 | G | A | ncRNA_exonic | ENSGALG00000048521 089 | 085 | 035 | 0.22 | 0.87 0.29 0.58
chr2_148244192 | rs312881030 | A | C | ncRNA_intronic | ENSGALG00000048947 017 | 005 | 065 | 094 | 0.11 0.80 0.69
chr2_148199210 | rs314647706 | G | T | ncRNA_exonic | ENSGALG00000048947 072 | 085 | 040 | 017 | 0.79 0.28 0.50
chr3 21964852 rs14325060 | G | T | intronic ENSGALG00000049422 | ATF3 0.39 | 0.30 1.00 | 094 | 0.34 0.97 0.63
chr2_103509237 | rs317545067 | G | A | ncRNA_intronic | ENSGALG00000049694 089 | 0.85 | 035 | 0.28 | 0.87 0.31 0.56
chr4 74218577 na T | C | ncRNA_exonic | ENSGALG00000050078 017 | 035 | 090 | 0.89 | 0.26 0.89 0.64
chrl 164032291 | rs741501392 | T | C | ncRNA_intronic | ENSGALG00000050284 039 | 0.30 | 090 | 094 | 0.34 0.92 0.58
chr2_95916659 rs318197480 | T | A | ncRNA intronic | ENSGALG00000050654 033 | 0.30 | 090 | 094 | 0.32 0.92 0.61
chr5_28955788 rs313814136 | A | G | ncRNA intronic | ENSGALG00000051208 089 | 090 | 050 | 0.22 | 0.89 0.36 0.53
chr4_74290857 rs741369370 | A | G | ncRNA_exonic | ENSGALG00000051573 022 | 025 | 065 | 083 | 0.24 0.74 0.51
chr3_18289928 rs15283236 | T | G | downstream ENSGALG00000052742 067 | 090 | 015 | 0.17 | 0.78 0.16 0.63
chr9_ 11423609 rs14661003 | G | C | ncRNA intronic | ENSGALG00000052830 094 | 090 | 060 | 0.22 | 0.92 0.41 0.51
chr3_71643736 rs16298716 | A | G | downstream ENSGALG00000052916 044 | 040 | 095 | 094 | 042 0.95 0.53
chr2_114061204 | rs80744771 | C | T | ncRNA intronic | ENSGALG00000053888 022 | 020 | 075 | 0.72 | 0.21 0.74 0.53
chr2_114062296 | rs316490734 | G | A | ncRNA exonic | ENSGALG00000053888 072 | 075 | 045 | 028 | 0.74 0.21 0.52
chrl3 7328547 rs317710966 | G | C | ncRNA intronic | ENSGALG00000054885 044 | 060 | 0.00 | 0.00 | 0.52 0.00 0.52

Table S4.3c. Candidate SNP list from signature analysis for precWQ population group. (Only SNPs with large differences in allele frequency
(dAAF>0.5) between Low and High groups are included. At least one SNP with dAAF>0.5 for each candidate gene is included. [dAAF|: difference
in allele frequency between Low and High group).

B B gl;(c)) va gl;(c)) va gHr(I)?JTD g|:(l)gur;) X AAF X A.AF
snpID rs_id ref | alt annotation gene gene ID popl | pop2 | popl | popz | MMLow | inHigh |dAAF]|

AAF | AAF | AAF | AAp | 9roup | group
chr27_4836254 | rs733495695 | T | C | intronic ENSGALG00000000461 | MRC2 015 | 032 | 055 | 1.00 | 0.24 0.78 0.54
chrl7_7815584 | rs732528570 | G | A | intronic ENSGALG00000002546 | COL5A1 0.75 | 0.86 | 0.00 | 0.06 | 0.80 0.03 0.78
chrl5 4938506 | rs316673516 | G | A | intronic ENSGALG00000003120 | NCOR2 030 | 025 | 0.95 | 0.94 | 0.28 0.95 0.67
chr23 5596146 | rs314063519 | G | T | intronic ENSGALG00000003693 | MACF1 090 | 0.86 | 0.00 | 0.06 | 0.88 0.03 0.85
chr23 5558718 | rs316933203 | A | G | nonsynonymous | ENSGALG00000003693 | MACF1 090 | 082 | 025 | 0.17 | 0.86 0.21 0.65
chr23 5551243 | rs314855848 | G | A | nonsynonymous | ENSGALG00000003693 | MACF1 0.70 | 0.82 0.15 0.17 0.76 0.16 0.60
chrl4 4418236 | na G | A | ncRNA_exonic | ENSGALG00000004504 035 | 0.07 | 070 | 0.83 0.21 0.77 0.56
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chrl4 4435770 | rs733978568 | C | T | downstream ENSGALG00000004530 | MMD2 025 | 039 | 0.80 | 0.89 0.32 0.84 0.52
chr8 10619626 | na G | A | intronic ENSGALG00000005065 | PLA2G4A 0.15 | 0.21 | 0.80 | 0.83 0.18 0.82 0.63
chrll 16304785 | rs316253144 | T | C | intronic ENSGALG00000005483 | CDH13 0.15 | 0.21 | 0.85 | 0.89 0.18 0.87 0.69
chrl9 8780087 | rs737099702 | A | G | intronic ENSGALG00000005489 | DDX52 090 | 096 | 035 | 0.17 0.93 0.26 0.67
chrl9 8785804 | rs1058285452 | T | A | nonsynonymous | ENSGALG00000005489 | DDX52 090 | 093 | 040 | 0.17 0.91 0.28 0.63
chrl9 8784622 | rs431897287 | T | C | nonsynonymous | ENSGALG00000005489 | DDX52 090 | 1.00 | 050 | 0.33 0.95 0.42 0.53
chrl9 8795246 | rs733764249 | C | T | intronic ENSGALG00000005504 | HNF1B 095 | 093 | 035 | 0.17 0.94 0.26 0.68
chrl5 7961739 | rs732175619 | G | A | intronic ENSGALG00000005676 | TTC28 0.10 | 0.29 | 0.90 | 0.78 0.19 0.84 0.65
chrl5 7970153 | rs736876872 | T | A | intronic ENSGALG00000005695 | CHEK2 0.10 | 0.21 | 0.80 | 0.78 0.16 0.79 0.63
chr2_8169684 rs15060462 G | A | intronic ENSGALG00000006379 | SHH 0.00 | 011 | 0.70 | 0.67 0.05 0.68 0.63
chr24 2954062 | rs312753491 | G | A | intronic ENSGALG00000006494 | GRAMD1B | 0.80 | 0.64 | 0.20 | 0.00 0.72 0.10 0.62
chrl5 10657436 | rs317784425 | G | A | intronic ENSGALG00000007732 | RTN4R 0.15 | 0.18 | 060 | 1.00 0.16 0.80 0.64
chr4 15366691 | rs313896728 | A | T | intronic ENSGALG00000008442 | TENM1 095 | 075 | 005 | 011 0.85 0.08 0.77
chr2_21986521 | rs15072919 A | G | intronic ENSGALG00000009062 | CDK14 095 | 093 | 015 | 011 0.94 0.13 0.81
chr5 29744386 | rs740952797 | C | T | intronic ENSGALG00000009619 | GPR176 0.10 | 0.11 | 0.80 | 0.89 0.10 0.84 0.74
chr4 25200009 | rs16377041 C | T | downstream ENSGALG00000009650 0.05 | 0.07 | 060 | 0.56 0.06 0.58 0.52
chr4 25219821 | rs314617422 | C | T | upstream ENSGALG00000009655 085 | 0.79 | 025 | 0.22 0.82 0.24 0.58
chr4 25500060 | rs735396688 | G | A | intronic ENSGALG00000009692 | SH3RF1 085 | 071 | 020 | 0.11 0.78 0.16 0.63
chr4 25520137 | na A | G | nonsynonymous | ENSGALG00000009692 | SH3RF1 085 | 064 | 020 | 0.11 0.75 0.16 0.59
chr4 25522813 | rs736520830 | G | A | nonsynonymous | ENSGALG00000009692 | SH3RF1 0.85 | 068 | 025 | 0.17 0.76 0.21 0.56
chr4 25548208 | rs733070316 | C | T | intronic ENSGALG00000009714 | CBR4 085 | 075 | 010 | 011 0.80 0.11 0.69
chr4 29853731 | rs739130538 | T | C | intronic ENSGALG00000009865 | RNF150 055 | 0.86 | 0.05 | 0.28 0.70 0.16 0.54
chr4 31964457 | rs740688037 | A | G | UTR3 ENSGALG00000010019 | TMEM184C | 0.80 | 0.75 | 0.20 | 0.22 0.78 0.21 0.56
chr4 31970860 | rs741235690 | A | C | intronic ENSGALG00000010022 | PRMT9 1.00 | 0.82 | 0.25 | 0.28 0.91 0.26 0.65
chrd 31967765 | rs741489346 | G | A | nonsynonymous | ENSGALG00000010022 | PRMT9 0.80 | 0.75 0.25 0.28 0.78 0.26 0.51
chrl 38032780 | rs317828600 | T | C | intronic ENSGALG00000010238 | NAP1L1 0.15 | 0.32 | 090 | 0.78 0.24 0.84 0.60
chr5_ 39346834 | rs15706986 C | T |UTR3 ENSGALG00000010406 | TMEM63C | 0.20 | 0.00 | 0.80 | 0.61 0.10 0.71 0.61
chr5_ 39348173 | rs313519656 | G | A | UTR3 ENSGALG00000010413 | NGB 0.15 | 0.00 | 0.60 | 0.56 0.08 0.58 0.50
chr8 22207096 | rs737316662 | A | T | upstream ENSGALG00000010444 | ATPAF1 085 | 0.64 | 0.25 | 0.22 0.75 0.24 0.51
chr5 43322206 | na G | C | upstream ENSGALG00000010616 | PTPN21 0.05 | 0.04 | 055 | 0.83 0.04 0.69 0.65
chr5 43344947 | rs740498423 | A | G | intronic ENSGALG00000010622 | ZC3H14 0.20 | 0.18 | 0.65 | 0.78 0.19 0.71 0.52
chr4 39436369 | rs316883178 | A | G | intronic ENSGALG00000010628 | ACSL1 0.60 | 0.82 | 0.05 | 0.06 0.71 0.05 0.66
chr5_ 43358208 | rs313510958 | T | A | intronic ENSGALG00000010639 | EML5 0.80 | 0.64 | 020 | 0.22 0.72 0.21 0.51
chr8_27970038 | rs313589909 | T | C | downstream ENSGALG00000010985 090 | 075 | 030 | 0.17 0.83 0.23 0.59
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chr8 28337013 | rs732083903 | G | A | intronic ENSGALG00000011019 | ROR1 0.70 | 0.64 | 0.00 | 0.17 0.67 0.08 0.59
chr2_37133230 | rs731492166 | A | G | intronic ENSGALG00000011289 | NKIRAS1 0.15 | 0.21 | 060 | 0.78 0.18 0.69 0.51
chr2_37138591 | rs14165315 G | A | UTR3 ENSGALG00000011290 | RPL15 0.15 | 043 | 0.80 | 0.94 0.29 0.87 0.58
chrl 49385771 | rs316254574 | C | T | intronic ENSGALG00000011878 | TCF20 0.10 | 0.11 | 0.85 | 0.78 0.10 0.81 0.71
chr7_30451014 | rs316457934 | C | T | intronic ENSGALG00000012197 | ACMSD 0.25 | 0.00 | 060 | 0.72 0.13 0.66 0.54
chr4 59790747 | rs316072128 | G | A | intronic ENSGALG00000012227 | TSPAN5S 0.70 | 0.00 | 0.85 | 0.89 0.35 0.87 0.52
chr2_61180106 | rs735904880 | C | T | intronic ENSGALG00000012702 | JARID2 065 | 096 | 020 | 0.11 0.81 0.16 0.65
chrl 55789175 | rs737764409 | A | G | intronic ENSGALG00000012791 | TBXAS1 050 | 0.18 | 0.80 | 0.94 0.34 0.87 0.53
chr2_65646408 | rs316485261 | G | A | intronic ENSGALG00000012808 095 | 096 | 045 | 0.44 0.96 0.45 0.51
chr2_68093262 | rs314522770 | C | T | intronic ENSGALG00000012888 | PHLPP1 095 | 0.75 | 0.10 | 0.00 0.85 0.05 0.80
chr2_83534670 | rs731782657 | C | T | intronic ENSGALG00000013129 | RPRD1A 095 | 082 | 015 | 0.17 0.89 0.16 0.73
chr4 65495024 | rs733193951 | C | T | intronic ENSGALG00000013931 | CHIC2 065 | 061 | 0.20 | 0.06 0.63 0.13 0.50
chr4 89983847 | rs315686852 | A | G | intronic ENSGALG00000016098 | EXOC6B 0.80 | 054 | 0.00 | 0.00 0.67 0.00 0.67
chr3_87865731 | rs315425423 | G | C | downstream ENSGALG00000016300 | TINAG 095 | 064 | 035 | 0.17 0.80 0.26 0.54
chrl4 4402914 | na T | G | downstream ENSGALG00000025659 | 5°°™™ | 0.25 | 0.00 | 070 | 0.89 | 0.13 | 079 0.67
chrl3 2584104 | rs317675790 | G | A | intronic ENSGALG00000028565 | PCDHGA2 | 1.00 | 0.96 | 0.20 | 0.28 0.98 0.24 0.74
chr2 41885078 | rs739064554 | G | A | intronic ENSGALG00000029235 | CPNE4 020 | 0.11 | 055 | 0.89 0.15 0.72 0.57
chr2 136099676 | rs317956773 | C | A | intronic ENSGALG00000029664 | SAMD12 0.15 | 025 | 0.80 | 0.89 0.20 0.84 0.64
chr4 89589419 | rs14505596 T | A | intronic ENSGALG00000030602 | ADAM33 1.00 | 0.89 | 0.15 | 0.06 0.95 0.10 0.84
chrl0 20309795 | rs740025971 | G | C | intronic ENSGALG00000030858 | FRMD5 0.55 | 0.43 1.00 | 1.00 0.49 1.00 0.51
chr2 135788002 | rs316552794 | C | A | intronic ENSGALG00000030862 | MED30 005 | 011 | 060 | 0.72 0.08 0.66 0.58
chr9 8048225 rs736036381 | G | A | intronic ENSGALG00000030944 | Pax3 0.85 | 0.75 | 0.00 | 0.06 0.80 0.03 0.77
chr2 42583923 | rs15966693 T | C | downstream ENSGALG00000032316 | CDV3 055 | 0.11 | 0.80 | 0.89 0.33 0.84 0.52
chr9 20261447 | rs317252309 | A | G | intronic ENSGALG00000032577 | MECOM 050 | 0.89 | 015 | 0.11 0.70 0.13 0.57
chr22 5298163 | na C | G | intronic ENSGALG00000032656 | TCF7L1 0.30 | 018 | 0.75 | 0.83 0.24 0.79 0.55
chr2 42592533 | rs312420170 | C | T | intronic ENSGALG00000034461 | TOPBP1 040 | 021 | 0.75 | 0.89 0.31 0.82 0.51
chrl 38022988 | rs312921343 | C | T | intronic ENSGALG00000034788 | PHLDA1 0.10 | 0.14 | 085 | 0.72 0.12 0.79 0.66
chr8 23371814 | rs313293937 | G | C | intronic ENSGALG00000036909 | BEND5 0.75 | 075 | 0.05 | 0.33 0.75 0.19 0.56
chrl7 2822458 | rs1060013588 | G | C | nonsynonymous | ENSGALG00000037031 0.30 | 0.00 0.60 0.78 0.15 0.69 0.54
chrl 20448549 | rs732568414 | T | C | upstream ENSGALG00000038467 | SELENOO 0.00 | 0.00 | 0.45 | 0.61 0.00 0.53 0.53
chr23 5607357 | rs737930251 | T | A | intronic ENSGALG00000038984 0.75 | 068 | 005 | 0.11 0.71 0.08 0.63
chr23 5608924 | rs732739090 | C | T | nonsynonymous | ENSGALG00000038984 0.75 | 0.64 0.05 0.11 0.70 0.08 0.62
chr2 135873518 | rs733107179 | A | C | downstream ENSGALG00000039013 | EXT1 0.30 | 0.39 | 0.80 | 0.94 0.35 0.87 0.53
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chrl 133250883 | rs316643536 | A | G | intronic ENSGALG00000039826 | CNGA3 090 | 054 | 015 | 017 | 072 | 0.16 0.56
chrl7 2820193 | rs1058702762 | A | G | downstream ENSGALG00000040003 | STXBPL 1.00 | 0.96 | 050 | 0.39 | 0.98 | 0.44 0.54
chr10_13683086 | rs733336439 | G | A | intronic ENSGALG00000040241 | NTRK3 0.15 | 014 | 0.80 | 083 | 0.15 | 0.82 0.67
chr2_135422594 | rs15157999 | A | T | intronic ENSGALG00000040522 | EIF3H 0.05 | 007 | 0.70 | 061 | 0.06 | 0.66 0.59
chrl4 4404742 | rs15006315 | T | C | upstream ENSGALG00000040528 | AP5Z1 0.75 | 1.00 | 0.30 | 011 | 0.88 | 0.1 0.67
chrl4 4410232 | rs313746392 | A | T | nonsynonymous | ENSGALG00000040528 | AP5Z1 035 | 004 | 0.70 | 089 | 0.19 | 0.79 0.60
chr4 1113291 | rs740662094 | C | T | intronic ENSGALG00000041437 | FAM1558 | 0.90 | 0.64 | 0.30 | 011 | 0.77 | 0.1 0.57
chr13 2950064 | rs315966597 | G | A | ncRNA_exonic | ENSGALG00000042617 0.65 | 0.82 | 0.00 | 0.00 | 0.74 | 0.00 0.74
chr8_10354829 | rs15009685 | G | A | ncRNA _exonic | ENSGALG00000043258 015 | 029 | 0.75 | 0.78 | 022 | 0.76 0.55
chr8_10356392 | rs312992425 | G | A | ncRNA_exonic | ENSGALG00000043258 015 | 029 | 0.75 | 0.78 | 022 | 0.76 0.55
chr4_89508953 | rs314488388 | T | C | intronic ENSGALG00000044620 0.00 | 0.14 | 050 | 0.83 | 0.07 | 067 0.60
chr8_10598175 | rs737176813 | C | T | nonsynonymous | ENSGALG00000047029 0.15 | 029 | 0.80 | 083 | 022 | 082 0.60
chr8_10598177 | na C | T | nonsynonymous | ENSGALG00000047029 0.15 | 029 | 0.80 | 083 | 022 | 082 0.60
chr8 27984732 | rs316843375 | A | C | ncRNA_exonic | ENSGALG00000047521 095 | 0.86 | 0.30 | 050 | 0.90 | 0.40 0.50
chrl4 4400041 | rs15006307 |G | T | upstream ENSGALG00000047899 ggg'z’z'r' 075 | 079 | 025 | 0.06 | 077 | 015 0.62
chr3 21652067 | rs14324669 | T | C | ncRNA intronic | ENSGALG00000047938 010 | 021 | 0.75 | 094 | 0.16 | 085 0.69
chr2 58713136 | rs734679973 | G | A | ncRNA_intronic | ENSGALG00000048667 075 | 082 | 020 | 028 | 0.79 | 0.24 0.55
chr5 39324615 | rs738864593 | A | T | ncRNA_intronic | ENSGALG00000048945 075 | 0.86 | 0.30 | 0.22 | 0.80 | 0.26 0.54
chr5_39265317 | rs317766185 | T | G | ncRNA exonic | ENSGALG00000049515 0.15 | 0.04 | 0.75 | 061 | 0.09 | 0.68 0.59
chr4 4572234 | rs739047199 | A | G | ncRNA_intronic | ENSGALG00000049919 0.25 | 0.00 | 0.80 | 083 | 0.3 | 0.2 0.69
chr4 4589945 | na G | T | ncRNA exonic | ENSGALG00000049919 0.15 | 004 | 060 | 0.83 | 0.09 | 0.72 0.62
chr3 87830267 | rs15419986 | T | G | upstream ENSGALG00000049936 0.90 | 0.96 | 0.30 | 0.00 | 0.93 | 0.5 0.78
chr3 87824322 | rs740528692 | G | A | ncRNA_intronic | ENSGALG00000049936 0.90 | 0.86 | 0.30 | 0.06 | 0.88 | 0.8 0.70
chr4 39419074 | rs733655018 | C | T | ncRNA exonic | ENSGALG00000050111 030 | 004 | 095 | 0.89 | 017 | 092 0.75
chr4 39419075 | rs738419841 | G | A | ncRNA exonic | ENSGALG00000050111 030 | 004 | 0.95 | 0.89 | 017 | 092 0.75
chr2 65520806 | rs16024288 | A | G | intronic ENSGALG00000051665 | LYRM4 020 | 018 | 090 | 0.72 | 0.19 | 081 0.62
chrl3 2951147 | rs317492478 | A | G | ncRNA intronic | ENSGALG00000051725 0.35 | 0.14 1.00 1.00 0.25 1.00 0.75
chrl 150082655 | rs315667921 | T | C | upstream ENSGALG00000052317 030 | 007 | 0.70 | 078 | 0.19 | 0.74 0.55
chr2 83535517 | rs738834479 | A | G | ncRNA exonic | ENSGALG00000052392 095 | 082 | 0.10 | 017 | 0.89 | 0.3 0.75
chr2 83535712 | rs315559938 | G | C | ncRNA exonic | ENSGALG00000052392 095 | 082 | 0.10 | 017 | 0.89 | 0.3 0.75
chrl 99146493 | rs318136054 | G | T | ncRNA intronic | ENSGALG00000052669 0.85 | 1.00 | 0.30 | 017 | 0.93 | 0.3 0.69
chrl 99139549 | rs730904570 | A | G | ncRNA exonic | ENSGALG00000052669 0.85 | 1.00 | 040 | 017 | 093 | 028 0.64
chr3 21692302 | rs736698483 | T | A | ncRNA intronic | ENSGALG00000052926 005 | 029 | 0.85 | 0.78 | 017 | 081 0.65
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chrl3 1290501 | na C | G | upstream ENSGALG00000052992 1.00 | 093 | 050 | 0.22 0.96 0.36 0.60
chrl0 17834159 | rs735955190 | T | G | ncRNA_intronic | ENSGALG00000053260 0.05 | 029 | 0.65 | 0.89 0.17 0.77 0.60
chr8 27976851 | rs732426878 | G | T | ncRNA_intronic | ENSGALG00000053679 095 | 0.89 | 035 | 0.28 0.92 0.31 0.61
chrl3 2979931 | rs14057329 G | A | ncRNA_exonic | ENSGALG00000054361 0.65 | 079 | 020 | 0.11 0.72 0.16 0.56
chrl 83105496 | rs738446375 | C | T | ncRNA_intronic | ENSGALG00000054748 0.15 | 0.07 | 090 | 0.89 0.11 0.89 0.78

Table S4.3d. Candidate SNP list from signature analysis for precDQ population group. (Only SNPs with large differences in allele frequency
(dAAF>0.5) between Low and High groups are included. At least one SNP with dAAF>0.5 for each candidate gene is included. |[dAAF|: difference
in allele frequency between Low and High group).

Low

Low

High

High

. . group group group group .XAAF XAAF
snpID rs_id ref | alt annotation gene gene ID bopl nop2 bopl bop2 | N Low | inHigh | |dAAF]|
AAF | AAF | AAF | AAF | 9rouP | group

chr21l 544526 rs740716939 | G | A | intronic ENSGALG00000000627 | DNAJC11 0.78 | 072 | 015 | 0.28 | 0.75 0.21 0.54
chrl9 1847689 | rs316908858 | A | G | intronic ENSGALG00000001153 | AUTS2 083 | 083 | 030 | 0.17 | 0.83 0.23 0.60
chrl7_ 9453975 | rs738022500 | A | G | intronic ENSGALG00000001157 | DENND1A | 0.78 | 0.83 | 0.30 | 0.17 | 0.81 0.23 0.57
chr26_3951479 | na A | C | UTR3 ENSGALG00000002170 083 | 078 | 015 | 044 | 081 0.30 0.51
chrll 1675064 | rs735405883 | G | A | intronic ENSGALG00000002458 | VAC14 094 | 083 | 035 | 0.22 | 0.89 0.29 0.60
chr22_2620465 | na C | T [ intronic ENSGALG00000003299 | NSD3 000 | 033 | 085 | 050 | 0.17 0.68 0.51
chrll 18122306 | rs317389472 | G | C | intronic ENSGALG00000005872 | BANP 0.72 | 089 | 015 | 022 | 081 0.19 0.62
chr2_5471305 rs318104934 | T | C | intronic ENSGALG00000006072 072 | 094 | 015 | 0.17 | 0.83 0.16 0.67
chr6_21873025 | na C | T | intronic ENSGALG00000006912 | CPEB3 056 | 089 | 005 | 0.06 | 0.72 0.05 0.67
chrl8 9863048 | rs314018412 |C | T | UTR3 ENSGALG00000007191 | TK1 0.67 | 067 | 020 | 0.11 | 0.67 0.16 0.51
chr6_25055476 | rs16555443 | G | C | intronic ENSGALG00000008318 | SLK 0.06 | 0.06 | 065 | 0.61 | 0.06 0.63 0.58
chr3 8446794 rs314939603 | A | G | intronic ENSGALG00000009078 | GALNT14 067 | 083 | 015 | 0.06 | 0.75 0.10 0.65
chr4 23364554 | rs314992123 | C | T | intronic ENSGALG00000009499 | NPY5R 050 | 0.78 | 0.10 | 0.06 | 0.64 0.08 0.56
chr4 23415547 | rs314607081 | G | A | intronic ENSGALG00000009501 | TMA16 072 | 083 | 025 | 017 | 0.78 0.21 0.57
chr8 20453398 | rs732469649 | G | A | intronic ENSGALG00000010053 | PTPRF 078 | 072 | 020 | 0.17 | 0.75 0.18 0.57
chr4 35188945 | rs14451188 | G | A | intronic ENSGALG00000010371 | FAM13A 089 | 094 | 035 | 0.39 | 0.92 0.37 0.55
chr4 43282141 | rs312368233 | G | T | intronic ENSGALG00000010744 | GALNT? 039 | 000 | 070 | 0.72 | 0.19 0.71 0.52
chr2_28015850 | rs317484297 | G | A | intronic ENSGALG00000010792 | AGMO 022 | 017 | 065 | 083 | 0.19 0.74 0.55
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chr2_28021322 | rs315829959 | T | C | nonsynonymous | ENSGALG00000010792 | AGMO 011 | 0.11 | 0.60 | 0.67 0.11 0.63 0.52
chr2_28014205 | rs15077551 | C | T | nonsynonymous | ENSGALG00000010792 | AGMO 0.00 | 0.00 | 035 | 0.67 0.00 0.51 0.51
chr2_28067993 | rs738289988 | T | A | intronic ENSGALG00000010794 | MEOX2 0.11 | 0.00 | 050 | 0.78 0.06 0.64 0.58
chr8_ 26059205 | rs732929160 | C | T | intronic ENSGALG00000010818 | PLPP3 0.72 | 083 | 0.15 | 0.39 0.78 0.27 0.51
chr7_31045601 | rs314250782 | C | G | intronic ENSGALG00000012362 | THSD7B 022 | 022 | 0.70 | 0.78 0.22 0.74 0.52
chr7_35151474 | rs317912233 | G | A | intronic ENSGALG00000012484 | RIF1 0.72 | 083 | 0.10 | 0.17 0.78 0.13 0.64
chr7_35164267 | rs16614439 | T | G | nonsynonymous | ENSGALG00000012484 | RIF1 0.67 | 0.67 | 0.05 | 0.06 0.67 0.05 0.61
chr7_36101421 | rs736081272 | G | A | intronic ENSGALG00000012543 | GPD2 056 | 056 | 0.00 | 0.00 0.56 0.00 0.56
chrl 52807448 | rs15268225 | A | T | intronic ENSGALG00000012559 | LARGE1 044 | 0.17 | 0.80 | 0.89 0.31 0.84 0.54
chr3_49703837 | rs314052498 | C | T | upstream ENSGALG00000013607 | FBXO5 072 | 0.78 | 030 | 0.17 0.75 0.23 0.52
chr3_49707564 | rs315686448 | A | G | intronic ENSGALG00000013609 | MTRF1L 072 | 0.78 | 025 | 0.17 0.75 0.21 0.54
chrl_ 78066038 | rs313409191 | T | C | upstream ENSGALG00000014659 | CI1R 022 | 011 | 065 | 0.78 0.17 0.71 0.55
chrl 78077393 | rs317830961 | C | T | intronic ENSGALG00000014674 | CLSTN3 0.17 | 028 | 0.85 | 0.89 0.22 0.87 0.65
chrl 81243475 | rs736091251 | T | G | intronic ENSGALG00000015018 | CASQ2 0.00 | 0.00 | 045 | 0.67 0.00 0.56 0.56
chr2_103792728 | rs16089132 | G | A | intronic ENSGALG00000015112 | ZNF521 033 | 0.17 | 0.80 | 0.83 0.25 0.82 0.57
chrl_ 88329905 | rs316074735 | A | G | intronic ENSGALG00000015353 | BBX 0.11 | 0.06 | 065 | 0.56 0.08 0.60 0.52
chr3_70961225 | rs739469705 | C | T | intronic ENSGALG00000015466 | SIM1 061 | 083 | 025 | 0.11 0.72 0.18 0.54
chr3_72505566 | rs315786802 | T | C | intronic ENSGALG00000015513 | MMS22L 0.11 | 0.06 | 0.70 | 0.56 0.08 0.63 0.54
chr3_72517241 | rs314869658 | C | A | nonsynonymous | ENSGALG00000015513 | MMS22L 0.72 | 0.83 | 030 | 0.22 0.78 0.26 0.52
chr3_73187113 | rs15389516 | A | T | upstream ENSGALG00000015590 | MANEA 083 | 0.78 | 0.10 | 0.17 0.81 0.13 0.67
chr3_ 73938509 | rs740881829 | A | C | intronic ENSGALG00000015593 | EPHAY 0.89 | 089 | 025 | 0.33 0.89 0.29 0.60
chr4 89961208 | rs314008162 | G | A | intronic ENSGALG00000016098 | EXOC6B 0.72 | 0.78 | 0.30 | 0.00 0.75 0.15 0.60
chrl 109721134 | rs14871885 | C | T | intronic ENSGALG00000016138 | DSCAM 0.06 | 0.06 | 065 | 0.50 0.06 0.58 0.52
chrl 113714276 | rs733028159 | G | A | intronic ENSGALG00000016245 | BCOR 094 | 100 | 035 | 0.50 0.97 0.43 0.55
chr3 86703122 | rs315677415 | G | T | intronic ENSGALG00000016278 | PRIM2 0.72 | 061 | 0.00 | 0.06 0.67 0.03 0.64
chr3 86710637 | rs313188681 | T | C | nonsynonymous | ENSGALG00000016278 | PRIM2 0.28 0.22 0.80 0.72 0.25 0.76 0.51
chr3 86754389 | rs315833014 | C | A | intronic ENSGALG00000016279 | RAB23 017 | 039 | 075 | 0.94 0.28 0.85 0.57
chr3 86751585 | rs317473946 | T | C | nonsynonymous | ENSGALG00000016279 | RAB23 0.11 0.22 0.60 0.78 0.17 0.69 0.52
chr3 86786031 | rs733735638 | G | C | intronic ENSGALG00000016282 | ZNF451 072 | 0.72 | 0.15 | 0.06 0.72 0.10 0.62
chr3 87511307 | rs315455718 | C | T | intronic ENSGALG00000016294 | HMGCLL1 | 0.17 | 0.06 | 0.80 | 0.78 0.11 0.79 0.68
chr8 15400113 | rs735472125 | C | T | intronic ENSGALG00000020805 | LRRC8D 061 | 094 | 020 | 0.22 0.78 0.21 0.57
chr8 15392581 | rs10724918 | T | A | nonsynonymous | ENSGALG00000020805 | LRRC8D 0.56 0.83 0.15 0.22 0.69 0.19 0.51
chr3_73206656 | rs312336006 | A | G | upstream ENSGALG00000025686 | RF00026 083 | 0.78 | 025 | 0.17 0.81 0.21 0.60
chrl7_9508178 | rs315550755 | T | C | downstream ENSGALG00000026417 | RF02271 0.78 | 0.83 | 030 | 0.22 0.81 0.26 0.54
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chr3 86764582 | rs15417056 | A | G | intronic ENSGALG00000026605 | BAG2 022 | 033 | 0.75 | 1.00 0.28 0.88 0.60
chr3 106484531 | rs739397828 | G | T | intronic ENSGALG00000028032 | MSRA 078 | 0.83 | 010 | 0.11 0.81 0.11 0.70
chr21 560325 rs10725890 | A | G | UTR3 ENSGALG00000028148 | PHF13 022 | 028 | 0.85 | 0.67 0.25 0.76 0.51
chr6_21704316 | na C | T | upstream ENSGALG00000030597 | KIF11 039 | 083 | 010 | 0.11 0.61 0.11 0.51
chrl9 949859 rs741125990 | C | T | intronic ENSGALG00000032220 061 | 078 | 010 | 0.11 0.69 0.11 0.59
chr6_21804826 | na C | T [ intronic ENSGALG00000032234 | MARCH5 050 | 094 | 0.05 | 0.11 0.72 0.08 0.64
chr21 538509 rs13602412 | A | T | intronic ENSGALG00000033569 078 | 072 | 015 | 0.22 0.75 0.19 0.56
chr3 72056954 | na C | T | downstream ENSGALG00000034564 056 | 0.83 | 0.20 | 0.17 0.69 0.18 0.51
chr21_566581 rs315528106 | C | T | intronic ENSGALG00000035211 | KLHL21 022 | 028 | 0.85 | 0.67 0.25 0.76 0.51
chr7_35393566 | rs317060282 | G | A | intronic ENSGALG00000035466 | CACNB4 089 | 072 | 015 | 0.11 0.81 0.13 0.68
chr2_46670986 | rs731926865 | A | G | downstream ENSGALG00000035505 | AOAH 028 | 022 | 080 | 0.78 0.25 0.79 0.54
chr3_72397353 | rs316455543 | G | A | ncRNA_intronic | ENSGALG00000036204 089 | 0.83 | 025 | 0.17 0.86 0.21 0.65
chr9_12548812 | rs738244929 | G | A | intronic ENSGALG00000038512 | AGTR1 0.00 | 0.06 | 050 | 0.56 0.03 0.53 0.50
chr23_ 4367774 | rs731167823 | C | T | intronic ENSGALG00000039713 | AGO4 0.00 | 0.39 | 070 | 0.72 0.19 0.71 0.52
chrl_110363154 | rs794211905 | G | A | upstream ENSGALG00000040189 | RIPK4 067 | 083 | 010 | 0.17 0.75 0.13 0.62
chrl3_ 17881220 | na C | T | intronic ENSGALG00000040594 | GNPDA1 050 | 094 | 015 | 0.22 0.72 0.19 0.54
chr20_1104292 | rs731212396 | G | A | intronic ENSGALG00000040856 | CPNE1 0.78 | 0.83 | 0.20 | 0.28 0.81 0.24 0.57
chr3_73013447 | rs313632779 | C | T | intronic ENSGALG00000042116 | FUT9 078 | 0.89 | 010 | 0.22 0.83 0.16 0.67
chrl3_ 17872778 | na C | T | intronic ENSGALG00000043085 | RNF14 050 | 094 | 0.20 | 0.22 0.72 0.21 0.51
chr2_46680571 | rs741033568 | C | T | intronic ENSGALG00000043642 | ANLN 050 | 0.78 | 0.05 | 0.11 0.64 0.08 0.56
chrl3 17889787 | na G | A | intronic ENSGALG00000043744 | NDFIP1 050 | 094 | 020 | 0.22 0.72 0.21 0.51
chrl 134823969 | rs314518705 | T | G | intronic ENSGALG00000045388 | RFX8 0.67 | 050 | 0.15 | 0.00 0.58 0.08 0.51
chr4 74251752 | rs737719175 | A | G | ncRNA_intronic | ENSGALG00000046053 072 | 0.72 | 010 | 0.11 0.72 0.11 0.62
chr4 23352860 | rs16374605 | A | G | ncRNA_intronic | ENSGALG00000046688 050 | 022 | 0.85 | 0.94 0.36 0.90 0.54
chrl2 18106384 | rs316127096 | G | A | ncRNA_intronic | ENSGALG00000046751 094 | 094 | 060 | 0.22 0.94 0.41 0.53
chr3 73342074 | rs315272289 | A | T | ncRNA_intronic | ENSGALG00000046901 0.72 | 0.83 | 020 | 0.17 0.78 0.18 0.59
chr3 74469948 | rs15390883 | C | T | ncRNA_exonic | ENSGALG00000047305 056 | 083 | 020 | 0.11 0.69 0.16 0.54
chr3 71654227 | rs734579716 | T | C | ncRNA_exonic | ENSGALG00000047943 0.83 | 0.78 | 0.20 | 0.22 0.81 0.21 0.59
chr4 74184142 | rs733020532 | G | A | ncRNA_intronic | ENSGALG00000048521 0.78 | 0.78 | 0.10 | 0.11 0.78 0.11 0.67
chr9_6290012 rs14667193 | G | T | downstream ENSGALG00000049259 061 | 061 | 0.10 | 0.06 0.61 0.08 0.53
chr6_12512820 | rs15780500 | G | A | UTR3 ENSGALG00000049446 | SLC29A3 061 | 067 | 010 | 0.17 0.64 0.13 0.51
chr4 74213430 | rs315917373 | G | A | upstream ENSGALG00000050078 011 | 0.22 | 0.65 | 0.83 0.17 0.74 0.58
chr4 74218577 | na T | C | ncRNA_exonic | ENSGALG00000050078 089 | 0.78 | 035 | 0.17 0.83 0.26 0.58
chr3 73386736 | na G | C | upstream ENSGALG00000050194 0.78 | 0.83 | 035 | 0.22 0.81 0.29 0.52
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chr2_26960211 | rs317304288 | G | A | ncRNA_intronic | ENSGALG00000050874 033 | 017 | 0.70 | 0.89 0.25 0.79 0.54
chrl 155052318 | rs312499696 | C | T | ncRNA_intronic | ENSGALG00000051545 0.11 | 0.00 | 0.65 | 0.78 0.06 0.71 0.66
chr4 74290857 | rs741369370 | A | G | ncRNA_exonic | ENSGALG00000051573 083 | 0.67 | 025 | 0.22 0.75 0.24 0.51
chrl 110369650 | rs15380390 | T | C | ncRNA_exonic | ENSGALG00000051940 039 | 0.00 | 0.80 | 0.94 0.19 0.87 0.68
chr4_ 9970045 rs313910852 | T | A | ncRNA_intronic | ENSGALG00000052590 0.78 | 0.78 | 0.05 | 0.22 0.78 0.14 0.64
chr3 71643736 | rs16298716 | A | G | downstream ENSGALG00000052916 094 | 094 | 040 | 044 0.94 0.42 0.52
chr8 15658008 | rs734760197 | G | C | ncRNA_intronic | ENSGALG00000052940 056 | 094 | 025 | 0.17 0.75 0.21 0.54
chr3 71085059 | rs735672719 | A | T | upstream ENSGALG00000053011 067 | 072 | 015 | 0.11 0.69 0.13 0.56
chr7_34388391 | rs313766753 | A | C | ncRNA_intronic | ENSGALG00000053295 072 | 0.83 | 0.25 | 0.06 0.78 0.15 0.63
chr26_3952469 | rs736838272 | A | G | intronic ENSGALG00000054224 061 | 078 | 0.10 | 0.28 0.69 0.19 0.51
chrl 97326982 | rs741111731 | C | T | ncRNA_intronic | ENSGALG00000054585 078 | 072 | 0.20 | 0.22 0.75 0.21 0.54
chrl3 7328547 | rs317710966 | G | C | ncRNA_intronic | ENSGALG00000054885 0.00 | 0.00 | 0.60 | 0.44 0.00 0.52 0.52
chr2_28134759 | rs13543650 | C | A | ncRNA_intronic | ENSGALG00000054958 1.00 1.00 | 0.60 | 0.33 1.00 0.47 0.53

Table S4.3e. Candidate SNP list from signature analysis for SoilOrgC population group. (Only SNPs with large differences in allele frequency
(dAAF>0.5) between Low and High groups are included. At least one SNP with dAAF>0.5 for each candidate gene is included. [dAAF|: difference
in allele frequency between Low and High group).

Low

Low

High

High

i i group group group group .XAAF XAAF
snpID rs_id ref | alt annotation gene gene ID bopl | pop2 | popl | pop2 |gr|c_)3\l;v Igrlglljgph |dAAF]|
AAF | AAF | AAF | AAF

chrl_197282265 | na G | A | upstream ENSGALG00000047152 | HBBA 044 | 030 | 095 | 085 | 0.37 0.90 0.53
chr33 6484810 | na G | A | downstream ENSGALG00000047273 | DRAP1 000 | 005 | 075 | 050 | 0.03 0.63 0.60
chrl_197282265 | na G | A | downstream ENSGALG00000052767 044 | 030 | 095 | 0.85 | 0.37 0.90 0.53
chrl8 852214 rs317419481 | G | A | intronic ENSGALG00000001021 | MYOCD 056 | 070 | 0.10 | 0.15 | 0.63 0.13 0.50
chr9 10691546 | rs312400259 | C | G | intronic ENSGALG00000002639 | TRPC1 100 | 085 | 040 | 035 | 0.93 0.38 0.55
chr9 10683587 | rs740485975 | G | A | intronic ENSGALG00000002647 | PLS1 0.00 | 015 | 0.60 | 0.60 | 0.08 0.60 0.53
chr1l0_ 6837508 | rs15570701 | A | G | intronic ENSGALG00000004087 | THSD4 078 | 085 | 0.15 | 0.20 | 0.81 0.18 0.64
chr5_1878183 rs15650675 | T | C | intronic ENSGALG00000004153 | NADSYN1 | 0.72 | 0.70 | 0.10 | 025 | 0.71 0.18 0.54
chr5_1873527 rs738367843 | C | T | intronic ENSGALG00000004166 | VPS51 078 | 075 | 0.10 | 0.20 | 0.76 0.15 0.61
chr5_1866493 rs15650715 | T | C | UTR3 ENSGALG00000004172 | BETIL 083 | 065 | 0.15 | 0.10 | 0.74 0.13 0.62
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chr5_1862115 rs316635524 | C | T | intronic ENSGALG00000004191 | RICBA 0.78 | 0.60 | 0.10 | 0.05 0.69 0.08 0.61
chrl4 4757031 | rs315337156 | T | G | intronic ENSGALG00000004693 | ARPC1A 0.22 | 040 | 0.85 | 0.90 0.31 0.88 0.56
chrl7 5539734 | rs317472633 | G | A | intronic ENSGALG00000004719 | SPTAN1 050 | 075 | 0.05 | 0.10 0.63 0.08 0.55
chr2_5882084 rs316359926 | T | A | intronic ENSGALG00000006158 | ACVR2B 0.17 | 0.00 | 0.75 | 0.75 0.08 0.75 0.67
chrl5 9915198 | rs738971750 | A | G | intronic ENSGALG00000007354 | CIT 0.67 | 065 | 0.15 | 0.15 0.66 0.15 0.51
chr2_17229852 | rs317151158 | A | G | intronic ENSGALG00000007766 | KIAA1217 0.83 | 085 | 0.5 | 0.20 0.84 0.18 0.67
chr4 13126545 | rs735864582 | G | A | intronic ENSGALG00000007972 | TRPC5 0.22 | 010 | 0.65 | 0.75 0.16 0.70 0.54
chr3_28356219 | rs317888833 | C | A | intronic ENSGALG00000010050 | LRFN2 0.83 | 075 | 0.5 | 0.30 0.79 0.23 0.57
chr4 43282033 | rs317960491 | T | G | intronic ENSGALG00000010744 | GALNTY 072 | 095 | 0.25 | 0.20 0.84 0.23 0.61
chr4 43291522 | na A | T | intronic ENSGALG00000010745 | HMGB2 072 | 075 | 0.5 | 0.05 0.74 0.10 0.64
chr4_ 46301618 | rs738519856 | C | T | intronic ENSGALG00000011133 | LIN54 022 | 010 | 0.75 | 0.75 0.16 0.75 0.59
chrd_46462249 | rs317703256 | T | C | intronic ENSGALG00000011208 | HELQ 0.28 | 0.05 | 0.80 | 0.70 0.16 0.75 0.59
chr4_46469240 | rs14462895 | G | A | intronic ENSGALG00000011210 | ABRAXAS1 | 0.33 | 0.10 | 0.90 | 0.90 0.22 0.90 0.68
chrd 46467397 | rs315716648 | T | C | nonsynonymous | ENSGALG00000011210 | ABRAXAS1 | 0.17 | 0.05 | 0.60 | 0.80 0.11 0.70 0.59
chrd 46467877 | rs317124316 | T | C | nonsynonymous | ENSGALG00000011210 | ABRAXAS1 | 0.17 | 0.10 | 0.60 | 0.80 0.13 0.70 0.57
chr4 46467281 | rs314846798 | T | C | nonsynonymous | ENSGALG00000011210 | ABRAXAS1 | 0.22 | 0.10 | 0.60 | 0.80 0.16 0.70 0.54
chrl 44957795 | rs315703916 | C | T | intronic ENSGALG00000011297 | CRADD 0.33 | 0.20 | 0.90 | 0.80 0.27 0.85 0.58
chr4 48305392 | rs314276252 | T | C | intronic ENSGALG00000011319 | ADGRL3 0.06 | 0.20 | 0.90 | 0.70 0.13 0.80 0.67
chr4 50884060 | rs314082155 | T | C | intronic ENSGALG00000011664 | RASSF6 0.06 | 010 | 0.70 | 0.80 0.08 0.75 0.67
chr4 50924373 | rs316517697 | C | A | upstream ENSGALG00000011668 | IL8L1 0.11 | 010 | 0.75 | 0.75 0.11 0.75 0.64
chr7_35151474 | rs317912233 | G | A | intronic ENSGALG00000012484 | RIF1 0.17 | 010 | 0.60 | 0.75 0.13 0.68 0.54
chr7_35402192 | rs14630853 | G | A | intronic ENSGALG00000012513 | STAM2 0.72 | 080 | 045 | 0.15 0.76 0.15 0.61
chrl 55982800 | rs317669778 | A | C | intronic ENSGALG00000012791 | TBXAS1 0.17 | 035 | 0.80 | 0.75 0.26 0.78 0.52
chrl 60820017 | rs316758233 | A | G | intronic ENSGALG00000012994 | ERC1 0.17 | 030 | 0.85 | 0.80 0.23 0.83 0.59
chrl 60860135 | rs14833762 | C | T | intronic ENSGALG00000012998 | WNT5B 0.83 | 060 | 0.10 | 0.30 0.72 0.20 0.52
chrl 64902090 | rs740935649 | G | T | intronic ENSGALG00000013143 | PDE3A 0.78 | 065 | 0.20 | 0.10 0.71 0.15 0.56
chr4 76540574 | rs315713688 | A | G | intronic ENSGALG00000014496 | Proml 0.83 | 0.70 | 0.05 | 0.45 0.77 0.25 0.52
chrl_ 78048067 | rs740296375 | T | A | nonsynonymous | ENSGALG00000014603 | C1S 0.00 | 0.20 | 0.65 | 0.55 0.05 0.60 0.55
chrl 78049446 | rs14845732 | A | C | nonsynonymous | ENSGALGO00000014603 | C1S 1.00 | 0.90 0.30 0.50 0.95 0.40 0.55
chrl 78048418 | rs13887326 | G | A | nonsynonymous | ENSGALG00000014603 | C1S 0.06 | 015 | 0.65 | 0.60 0.10 0.63 0.52
chrl_78065070 | rs313713208 | T | G | intronic ENSGALG00000014659 | C1R 0.00 | 045 | 0.70 | 0.60 0.08 0.65 0.58
chrl 78070795 | rs314288648 | C | T | intronic ENSGALG00000014662 | RBP5 0.00 | 010 | 0.60 | 0.60 0.05 0.60 0.55
chrl 78077393 | rs317830961 | C | T | intronic ENSGALG00000014674 | CLSTN3 0.89 | 085 | 0.30 | 0.25 0.87 0.28 0.59
chr3_66629773 | rs15377681 | A | C | intronic ENSGALG00000015061 | CDC40 0.11 | 045 | 0.75 | 0.60 0.13 0.68 0.54

253




Supplementary Tables

chr3 67213317 | rs737877959 | T | G | upstream ENSGALG00000015289 | ARMC2 0.00 | 0.25 | 0.90 | 0.45 0.08 0.68 0.60
chr3 67294992 | rs739018988 | G | T | intronic ENSGALG00000015297 | FOXO3 0.06 | 0.00 | 0.75 | 0.55 0.03 0.65 0.62
chrl 105401546 | rs740014385 | G | A | intronic ENSGALG00000015822 033 | 015 | 085 | 0.75 0.24 0.80 0.56
chrl 108010859 | rs316401785 | G | A | intronic ENSGALG00000016042 | CHAF1B 0.67 | 045 | 0.00 | 0.00 0.56 0.00 0.56
chrl 117673165 | rs738448021 | T | C | intronic ENSGALG00000016288 | ILIRAPL1 017 | 020 | 0.80 | 0.75 0.18 0.78 0.59
chr3 87499222 | rs317097894 | G | C | intronic ENSGALG00000016294 | HMGCLL1 | 0.00 | 0.20 | 0.75 | 0.80 0.10 0.78 0.68
chr3 108224362 | rs740527901 | A | G | intronic ENSGALG00000016680 | TFAP2B 022 | 0.10 | 0.80 | 0.65 0.16 0.73 0.56
chrl 146498503 | rs737557685 | T | C | intronic ENSGALG00000016886 | FARP1 0.72 | 045 | 0.00 | 0.15 0.59 0.08 0.51
chrl_167340986 | rs318131789 | G | A | intronic ENSGALG00000016955 | VWAS 028 | 0.20 | 0.90 | 0.65 0.24 0.78 0.54
chrl_168941361 | rs317293763 | C | T | intronic ENSGALG00000016972 | NUFIP1 094 | 075 | 025 | 0.10 0.85 0.18 0.67
chrl_171744646 | rs737161831 | A | C | intronic ENSGALG00000017026 | VPS36 033 | 025 | 0.85 | 0.80 0.29 0.83 0.53
chrl 197287932 | na G | A | downstream ENSGALG00000017347 | HBBR 039 | 025 | 095 | 0.75 0.32 0.85 0.53
chr4 46465110 | rs15564231 | A | G | intronic ENSGALG00000023191 | MRPS18C 028 | 0.05 | 0.90 | 0.70 0.16 0.80 0.64
chr9_18772140 | rs740431523 | G | A | intronic ENSGALG00000023670 | NAALADL2 | 0.06 | 0.15 | 0.70 | 0.60 0.10 0.65 0.55
chr4_50940750 | rs16409260 | C | T | UTR3 ENSGALG00000026098 | IL8 083 | 085 | 0.20 | 0.15 0.84 0.18 0.67
chr3_106483692 | rs735464908 | G | A | intronic ENSGALG00000028032 | MSRA 0.06 | 0.10 | 0.90 | 0.65 0.08 0.78 0.70
chrl 197283909 | na C | T | intronic ENSGALG00000028273 | HBE1 028 | 030 | 095 | 0.75 0.29 0.85 0.56
chr4_40261626 | rs15551203 | G | A | intronic ENSGALG00000030065 | TENM3 0.17 | 040 | 0.95 | 0.80 0.28 0.88 0.59
chr4 40127982 | na G | A | nonsynonymous | ENSGALG00000030065 | TENM3 0.17 | 030 | 0.80 | 0.70 0.23 0.75 0.52
chr2_137929184 | rs317580060 | A | G | intronic ENSGALG00000030460 | TBC1D31 0.06 | 0.05 | 055 | 0.65 0.05 0.60 0.55
chr4 42916104 | rs14458637 | A | G | intronic ENSGALG00000030588 | GALNTL6 0.11 | 040 | 0.90 | 0.80 0.26 0.85 0.59
chrl4 13193066 | rs731928779 | C | G | intronic ENSGALG00000030877 | CLUAP1 0.22 | 015 | 085 | 0.75 0.19 0.80 0.61
chr10 1538694 | rs733384767 | C | T | intronic ENSGALG00000031408 | SORD 0.33 | 025 | 0.85 | 0.75 0.29 0.80 0.51
chrl 168960849 | rs738879763 | C | A | intronic ENSGALG00000031567 | GPALPP1 094 | 070 | 0.20 | 0.20 0.82 0.20 0.62
chrl8 9897787 | na C | T |UTRS3 ENSGALG00000032336 | SLC25A10 0.83 | 080 | 035 | 0.15 0.82 0.25 0.57
chr3 35172014 | rs734091960 | A | T | intronic ENSGALG00000034081 | AKT3 0.06 | 0.20 | 0.90 | 0.60 0.13 0.75 0.62
chr5_1196708 rs315998563 | G | T | intronic ENSGALG00000035242 | RMDN3 0.17 | 040 | 0.85 | 0.80 0.28 0.83 0.54
chr7_35393566 | rs317060282 | G | A | intronic ENSGALG00000035466 | CACNB4 0.11 | 015 | 090 | 0.95 0.13 0.93 0.79
chrl8 9872059 | rs16347414 | T | C | downstream ENSGALG00000038875 | TMC6 0.78 | 075 | 040 | 0.10 0.76 0.25 0.51
chr20 1587973 | rs317149019 | G | A | intronic ENSGALG00000039101 | ASIP 0.11 | 020 | 0.70 | 0.75 0.16 0.73 0.57
chr33 6498218 | na G | T |UTRS ENSGALG00000039409 | RELA 0.00 | 0.05 | 0.70 | 0.45 0.03 0.58 0.55
chr10 13674790 | rs314848346 | G | A | intronic ENSGALG00000040241 | NTRK3 0.89 | 065 | 0.10 | 0.15 0.77 0.13 0.64
chr9 19001952 | rs735432390 | C | A | intronic ENSGALG00000040938 | NLGN1 0.11 | 040 | 085 | 0.75 0.26 0.80 0.54
chr3 66606219 | rs316456097 | A | G | intronic ENSGALG00000041120 | METTL24 0.11 | 015 | 0.80 | 0.65 0.13 0.73 0.59
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chr3_106838116 | rs431829052 | G | A | intronic ENSGALG00000041139 | PINX1 022 | 030 | 0.85 | 0.75 0.26 0.80 0.54
chrl_ 174193558 | rs736954116 | C | T | intronic ENSGALG00000041263 | DCLK1 011 | 015 | 0.85 | 0.85 0.13 0.85 0.72
chrl4 15399971 | rs741294578 | T | C | intronic ENSGALG00000041298 028 | 025 | 0.85 | 0.85 0.26 0.85 0.59
chr7_33913011 | rs794420089 | C | T | ncRNA_intronic | ENSGALG00000041782 0.11 | 0.15 1.00 | 0.60 0.13 0.80 0.67
chr7_33917087 | rs733609911 | T | C | ncRNA_exonic | ENSGALG00000041782 0.17 | 0.15 1.00 | 0.60 0.16 0.80 0.64
chrd 50964457 | rs14468633 | T | C | downstream ENSGALG00000046160 | PPBP 0.11 | 010 | 0.75 | 0.75 0.11 0.75 0.64
chr4 50963368 | rs312785207 | G | A | UTR3 ENSGALG00000046160 | PPBP 0.11 | 0.05 | 0.70 | 0.70 0.08 0.70 0.62
chr4 50962848 | rs16409303 | G | A | nonsynonymous | ENSGALG00000046160 | PPBP 0.22 | 020 | 0.70 | 0.80 0.21 0.75 0.54
chrd 43294449 | rs317275943 | G | A | ncRNA_intronic | ENSGALG00000046857 022 | 020 | 0.75 | 0.85 0.21 0.80 0.59
chr4 42054421 | rs315189131 | A | G | ncRNA_intronic | ENSGALG00000047221 0.17 | 035 | 0.90 | 0.70 0.26 0.80 0.54
chr3_108218185 | rs16342493 | T | C | intronic ENSGALG00000047589 0.72 | 0.80 | 0.20 | 0.25 0.76 0.23 0.54
chr4 6492223 rs740869514 | A | G | ncRNA _intronic | ENSGALG00000047994 0.72 | 060 | 0.15 | 0.05 0.66 0.10 0.56
chr2_9798934 rs734424330 | C | T | ncRNA_exonic | ENSGALG00000048545 011 | 035 | 0.80 | 0.70 0.23 0.75 0.52
chr7_31522897 | rs313169111 | C | T | intronic ENSGALG00000048656 022 | 025 | 095 | 0.75 0.24 0.85 0.61
chr9 18864400 | rs737848314 | G | A | downstream ENSGALG00000048975 022 | 035 | 0.85 | 0.80 0.29 0.83 0.54
chr2_56240597 | rs741421980 | C | A | intronic ENSGALG00000049812 | PQLC1 0.17 | 0.05 | 0.60 | 0.70 0.11 0.65 0.54
chr4 40973754 | rs15552615 | T | C | ncRNA_intronic | ENSGALG00000050037 0.83 | 0.85 | 0.20 | 0.20 0.84 0.20 0.64
chr3 107774437 | rs316811446 | G | A | downstream ENSGALG00000050553 0.78 | 0.85 | 0.05 | 0.30 0.81 0.18 0.64
chr6_25343087 | rs741144048 | G | C | ncRNA_intronic | ENSGALG00000050593 0.00 | 010 | 0.75 | 0.70 0.05 0.73 0.68
chr6_25331885 | na G | T | ncRNA exonic | ENSGALG00000050593 0.00 | 0.05 | 0.65 | 0.60 0.03 0.63 0.60
chr3 107808168 | rs317702451 | C | T | upstream ENSGALG00000050753 0.72 | 090 | 0.05 | 0.05 0.81 0.05 0.76
chr3 91851269 | rs318216900 | A | G | upstream ENSGALG00000050914 0.67 | 055 | 0.10 | 0.10 0.61 0.10 0.51
chr33_6484465 | na G | C | ncRNA exonic | ENSGALG00000051169 | UQCC3 0.00 | 010 | 0.75 | 0.60 0.05 0.68 0.63
chrl 173810330 | rs731851082 | A | G | downstream ENSGALG00000051912 033 | 035 | 0.85 | 0.90 0.34 0.88 0.53
chrl 173813052 | rs312496906 | T | C | ncRNA_exonic | ENSGALG00000051912 0.22 | 030 | 0.75 | 0.80 0.26 0.78 0.51
chr5_ 17570223 | rs15674380 | G | A | ncRNA_intronic | ENSGALG00000051988 0.67 | 0.60 | 0.05 | 0.05 0.63 0.05 0.58
chrl 110526373 | rs316127210 | C | T | intronic ENSGALG00000052523 0.00 | 035 | 0.80 | 0.65 0.18 0.73 0.55
chrl 110525301 | rs740893938 | T | C | nonsynonymous | ENSGALG00000052523 0.00 | 0.40 0.80 0.65 0.20 0.73 0.53
chrl 110525253 | rs317142169 | A | G | nonsynonymous | ENSGALG00000052523 0.33 | 045 | 0.90 | 0.90 0.39 0.90 0.51
chrl 93736639 | rs317435027 | C | G | ncRNA_intronic | ENSGALG00000052608 0.06 | 040 | 0.70 | 0.90 0.23 0.80 0.57
chr2_6128884 rs315845943 | G | C | downstream ENSGALG00000053252 0.33 | 050 | 0.90 | 0.95 0.42 0.93 0.51
chrl 197241952 | na A | G | intronic ENSGALG00000054014 039 | 030 | 095 | 0.75 0.34 0.85 0.51
chrd 42135670 | rs317255318 | A | G | ncRNA_intronic | ENSGALG00000054340 0.83 | 065 | 0.10 | 0.30 0.74 0.20 0.54
chr6_26881924 | rs317363623 | A | G | ncRNA_intronic | ENSGALG00000054720 0.28 | 0.20 | 0.75 | 0.80 0.24 0.78 0.54
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Table S4.3f. Candidate SNP list from signature analysis for LandUse population group. (Only SNPs with large differences in allele frequency
(dAAF>0.5) between Low and High groups are included. At least one SNP with dAAF>0.5 for each candidate gene is included. [dAAF|: difference
in allele frequency between Low and High group ).

. . aroup | aroup | aroup | aroup | SAAF | KaaF
snplD rs_id ref | alt annotation gene gene ID bopl oop2 | popl | popz | " Low | inHigh |dAAF|
AAF | AAF | AAF | AAF | 9roup | group

chr3 34295140 | rs317838524 | T | C | intronic ENSGALG00000010664 | KIF26B 0.89 | 1.00 | 025 | 055 | 0.94 0.40 0.54
chr22_851111 rs314845387 | A | G | intronic ENSGALG00000000242 | EBF2 0.72 | 0.89 | 025 | 0.30 | 0.81 0.28 0.53
chrl3 11317880 | rs313834857 | G | A | downstream ENSGALG00000003672 | UBLCP1 0.11 | 0.06 | 0.65 | 0.75 | 0.08 0.70 0.62
chr6_16069210 | rs736844754 | C | T | intronic ENSGALG00000005057 | ADK 1.00 | 0.89 | 040 | 045 | 0.94 0.43 0.52
chr2_3539810 rs14129599 | A | G | intronic ENSGALG00000005448 | MYL3 094 | 0.83 | 0.20 | 045 | 0.89 0.33 0.56
chr6_20203680 | rs315457244 | A | G | upstream ENSGALG00000006421 | SLC16A12 | 0.28 | 0.28 | 0.65 | 0.95 | 0.28 0.80 0.52
chr2_10257999 | rs735572037 | A | C | intronic ENSGALG00000006652 | DIP2C 094 | 094 | 030 | 045 | 094 0.38 0.57
chr3 10701300 | rs317403184 | A | T | intronic ENSGALG00000008778 | SPRED2 0.72 | 0.89 | 0.20 | 0.30 | 0.81 0.25 0.56
chr8 20061558 | rs312780602 | G | C | intronic ENSGALG00000009993 | MED8 0.72 | 0.89 | 025 | 0.05 | 0.81 0.15 0.66
chr3 34275191 | rs312954554 | C | T | intronic ENSGALG00000010653 | SMYD3 0.11 | 0.06 | 0.70 | 0.50 | 0.08 0.60 0.52
chr2_27960216 | rs317883849 | A | G | intronic ENSGALG00000010792 | AGMO 0.72 | 094 | 010 | 0.25 | 0.83 0.18 0.66
chr2_32216921 | rs735947960 | G | A | upstream ENSGALG00000011046 | SNX10 0.17 | 0.22 | 0.60 | 0.90 | 0.19 0.75 0.56
chr2_38801757 | rs317204693 | G | T | upstream ENSGALG00000011428 | AZI2 094 | 094 | 040 | 045 | 094 0.43 0.52
chr2_40559061 | rs732153441 | T | A | UTR3 ENSGALG00000011498 | TCAIM 0.72 | 094 | 025 | 0.25 | 0.83 0.25 0.58
chr4 54303073 | rs737880929 | T | C | intronic ENSGALG00000011963 | PRDM5 0.78 | 078 | 015 | 0.20 | 0.78 0.18 0.60
chr4 56156061 | rs313952468 | T | C | intronic ENSGALG00000012015 | NDST4 056 | 0.89 | 0.05 | 0.35 | 0.72 0.20 0.52
chrl 64476422 | rs13879021 | C | T | intronic ENSGALG00000013134 | PLEKHA5 | 0.89 | 0.72 | 0.30 | 0.15 | 0.81 0.23 0.58
chr4 75792680 | rs739647947 | A | G | intronic ENSGALG00000014425 | NCAPG 0.67 | 0.67 | 0.30 | 0.00 | 0.67 0.15 0.52
chr2_99526132 | rs735982242 | C | T | intronic ENSGALG00000014615 | LAMA1 0.89 | 0.72 | 0.20 | 0.30 | 0.81 0.25 0.56
chrl 187388925 | rs316030124 | T | A | intronic ENSGALG00000017227 | SLC36A4 0.39 | 050 | 0.90 | 1.00 | 0.44 0.95 0.51
chr5 40641043 | rs733812232 | G | A | intronic ENSGALG00000027255 | NRXN3 0.00 | 0.22 | 080 | 055 | 0.11 0.68 0.56
chr8 20069462 | rs15923605 | A | G | intronic ENSGALG00000028561 | SZT2 0.39 | 011 | 0.80 | 0.95 | 0.25 0.88 0.63
chr8 20069280 | rs313088300 | T | C | nonsynonymous | ENSGALG00000028561 | SZT2 0.39 | 017 | 0.80 | 0.95 | 0.28 0.88 0.60
chr6 21698226 | na T | C | intronic ENSGALG00000030597 | KIF11 0.67 | 078 | 015 | 0.15 | 0.72 0.15 0.57
chr2 54711769 | rs314836526 | A | T | intronic ENSGALG00000031170 | ADCY1 0.28 | 0.33 | 085 | 0.85 | 0.31 0.85 0.54
chr2_117843872 | rs315792028 | A | T | intronic ENSGALG00000031390 | STAU2 0.33 | 044 | 090 | 095 | 0.39 0.93 0.54
chr6 21795782 | rs736082992 | T | A | intronic ENSGALG00000032234 | MARCH5 | 0.22 | 0.00 | 045 | 0.80 | 0.11 0.63 0.51
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chr8_ 1520789 rs313288599 | T | C | intronic ENSGALG00000039327 | VAV3 094 | 061 | 0.30 | 0.25 | 0.78 0.28 0.50
chr3 36167656 | rs317303812 | T | A | intronic ENSGALG00000039772 | RGS7 0.67 | 056 | 0.10 | 0.05 | 0.61 0.08 0.54
chr2_117976975 | rs312653243 | C | T | intronic ENSGALG00000040097 | UBE2W 0.72 | 056 | 0.05 | 0.05 | 0.64 0.05 0.59
chrl 194710902 | rs15051046 | C | T | intronic ENSGALG00000040478 | CAPN5 089 | 094 | 040 | 0.20 | 0.92 0.30 0.62
chrl 132474638 | rs741583645 | G | A | intronic ENSGALG00000041042 | GABRG3 0.72 | 0.67 | 0.10 | 0.20 | 0.69 0.15 0.54
chrl3 17886924 | na G | C | intronic ENSGALG00000043744 | NDFIP1 089 | 094 | 025 | 0.55 | 0.92 0.40 0.52
chr4 25957558 | na A | G | ncRNA_intronic | ENSGALG00000046909 022 | 017 | 055 | 0.85 | 0.19 0.70 0.51
chrl 65421972 | rs315335738 | T | C | upstream ENSGALG00000048674 017 | 017 | 075 | 0.65 | 0.17 0.70 0.53
chrl 92331553 | rs316354370 | T | C | ncRNA_intronic | ENSGALG00000049116 0.00 | 0.06 | 0.60 | 0.50 | 0.03 0.55 0.52
chr4 25916124 | na T | C | ncRNA intronic | ENSGALG00000049671 022 | 017 | 055 | 0.85 | 0.19 0.70 0.51
chrl_173116056 | rs317447038 | C | A | ncRNA_exonic | ENSGALG00000049925 033 | 0.00 | 0.85 | 0.65 | 0.17 0.75 0.58
chrll_13260695 | rs317241311 | A | G | ncRNA_intronic | ENSGALG00000050348 0.06 | 011 | 0.65 | 0.55 | 0.08 0.60 0.52
chrl_163441754 | rs731900954 | C | T | ncRNA_intronic | ENSGALG00000050889 089 | 083 | 0.25 | 0.35 | 0.86 0.30 0.56
chr2_82658367 | rs314148401 | T | A | ncRNA_intronic | ENSGALG00000051256 056 | 072 | 0.15 | 0.10 | 0.64 0.13 0.51
chrl0_10479871 | rs316438713 | G | A | ncRNA_exonic | ENSGALG00000051344 0.78 | 0.61 | 0.05 | 0.30 | 0.69 0.18 0.52
chr2_82925607 | rs741742877 | A | G | ncRNA_intronic | ENSGALG00000051615 056 | 072 | 0.15 | 0.05 | 0.64 0.10 0.54
chrl_ 110369132 | rs13920393 | G | A | downstream ENSGALG00000051940 022 | 0.06 | 0.80 | 0.55 | 0.14 0.68 0.54
chr2_30130035 | rs741615728 | T | C | ncRNA_intronic | ENSGALG00000052719 1.00 | 0.83 | 0.35 | 0.40 | 0.92 0.38 0.54
chr5_ 51336712 | rs314805918 | A | G | downstream ENSGALG00000053209 1.00 | 050 | 0.20 | 0.25 | 0.75 0.23 0.53
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Table S4.4. Candidate genes from selection signature regions overlapping with QTLs (ChickenQTLdb). (Only QTLs with size > 1 Mb were

considered.
Eg;/;;?gtg]rental genes gene ID Z?Irz(;tt'%?] c'\i/(!(ta(tegfigr?f Overlap with significant QTLs from Chicken QTLdb
minTemp ENSGALG00000002692 low XP-EHH Breast parameters, Digestive system property
minTemp ENSGALG00000003243 | RAD54L2 low XP-EHH Egg production related, Eggshell property
minTemp ENSGALG00000003562 | NPTX2 low XP-EHH Growth
minTemp ENSGALG00000004420 | SDK1 low Fst Body temperature, Breast parameters, Growth
minTemp ENSGALG00000005139 | CLTC low XP-EHH FCR
minTemp ENSGALG00000007038 | ASTN2 low XP-EHH Immune response related
minTemp ENSGALG00000008282 | ATG4A low XP-EHH Blood parameters
minTemp ENSGALG00000009943 | FAM117A low XP-EHH Skin related
minTemp ENSGALG00000009944 | KAT7 low XP-EHH Feed intake, Skin related
minTemp ENSGALG00000009983 | NUBPL low XP-EHH Immune response related
minTemp ENSGALG00000012007 | ST13 low XP-EHH FCR
minTemp ENSGALG00000012888 | PHLPP1 low XP-EHH Abdominal fat properties
minTemp ENSGALG00000013646 | VPS37A low XP-EHH Immune response related
minTemp ENSGALG00000013649 | CNOT7 low XP-EHH Immune response related
minTemp ENSGALG00000014467 | COPS7A high Fst FCR
minTemp ENSGALG00000016689 | ASMTL high XP-EHH Immune response related
minTemp ENSGALG00000025230 low XP-EHH Immune response-related
minTemp ENSGALG00000031182 | FANCM high XP-EHH Disease susceptibility
minTemp ENSGALG00000031440 | PTPRU low XP-EHH Growth
minTemp ENSGALG00000031487 | FSTL4 low XP-EHH Disease susceptibility
minTemp ENSGALG00000034967 | GDPD5 low Fst FCR
minTemp ENSGALG00000035578 | RBM6 low XP-EHH Egg production related, Eggshell property, FCR
minTemp ENSGALG00000036021 | MTMRY low Fst Immune response related
minTemp ENSGALG00000036909 | BEND5 high XP-EHH Feather properties
precSeasonality ENSGALG00000000824 low XP-EHH Body temperature
precSeasonality ENSGALG00000001153 | AUTS2 high XP-EHH Feed intake, Growth, Albumen property, Egg property
precSeasonality ENSGALG00000001768 | TENM2 low XP-EHH Age at sexual maturity
precSeasonality ENSGALG00000003958 | PRMT3 high XP-EHH Growth
precSeasonality ENSGALG00000005853 | HTR2C high XP-EHH, Fst Immune response-related, Feather pecking, Feather properties
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precSeasonality ENSGALG00000006743 | YWHAH low XP-EHH Body temperature, Age at sexual maturity

precSeasonality ENSGALG00000007172 | FHIT high XP-EHH Digestive system property, Growth, Eggshell property

precSeasonality ENSGALG00000008309 low XP-EHH Thymus weight

precSeasonality ENSGALG00000009491 | RAD51B low XP-EHH Breast parameters, Feather pecking

precSeasonality ENSGALG00000009493 | TMEM229B low XP-EHH Breast parameters

precSeasonality ENSGALG00000009880 | INPP4B high XP-EHH Growth, Immune response related

precSeasonality ENSGALG00000010053 | PTPRF high XP-EHH Breast parameters

precSeasonality ENSGALG00000011630 | GLI2 low XP-EHH FCR, Growth, Immune response related

precSeasonality ENSGALG00000012338 | BDH2 low XP-EHH Spleen property

precSeasonality ENSGALG00000012424 | GTDC1 low XP-EHH FCR

precSeasonality | ENSGALG00000014425 | NCAPG high XP-EHH Egg property, Gizzard property, Heart condition, Liver related, Ovary
property, Proventriculus weight, Growth

precSeasonality ENSGALG00000015897 | IMPG1 high XP-EHH Eggshell property

precSeasonality ENSGALG00000015898 | MYO6 high XP-EHH Eggshell property

precSeasonality ENSGALG00000016955 | VWAS high XP-EHH Thymus weight

precSeasonality ENSGALG00000029022 | NPAS3 high Fst Feather properties

precSeasonality ENSGALG00000030054 | PTPRN2 high Fst Feather properties, Age at sexual maturity

precSeasonality ENSGALG00000030684 low Fst Body temperature, Age at sexual maturity

precSeasonality ENSGALG00000032658 | FMNL1 low XP-EHH Body temperature

precSeasonality ENSGALG00000033470 | ADGRA3 high XP-EHH Eggshell property

precSeasonality ENSGALG00000035137 low XP-EHH Growth

precSeasonality ENSGALG00000035554 low XP-EHH Body temperature

precSeasonality ENSGALG00000041121 | SLIT2 high Fst Eggshell property, Growth, Abdominal fat properties, Egg property

precSeasonality ENSGALG00000041782 high XP-EHH Immune response-related

precSeasonality ENSGALG00000042814 | MCRIP1 low XP-EHH Blood parameters

precSeasonality ENSGALG00000045753 | MRPL12 low Fst Bursa of Fabricius weight

precWQ ENSGALG00000000461 | MRC2 high XP-EHH Bursa of Fabricius weight

precWQ ENSGALG00000002546 | COL5A1 low XP-EHH FCR

precWQ ENSGALG00000004504 high XP-EHH Growth

precWQ ENSGALG00000004530 | MMD2 high XP-EHH Growth

precWQ ENSGALG00000005483 | CDH13 high Fst Yolk property

precWQ ENSGALG00000006379 | SHH high XP-EHH Heart condition

precWQ ENSGALG00000008256 | BLM high XP-EHH FCR

precWQ ENSGALG00000009865 | RNF150 low Fst Growth
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precWQ ENSGALG00000010616 | PTPN21 low XP-EHH Egg production related

precWQ ENSGALG00000010622 | ZC3H14 low XP-EHH Egg production related

precWQ ENSGALG00000012888 | PHLPP1 high Fst Abdominal fat properties

precWQ ENSGALG00000025659 | gga-mir-2129 high XP-EHH Body temperature, Growth

precWQ ENSGALG00000031960 | LEF1 low XP-EHH Body condition, Breast parameters, Leg muscle properties
precWQ ENSGALG00000032577 | MECOM low XP-EHH Bursa of Fabricius weight, Growth

precWQ ENSGALG00000036909 | BEND5 low Fst Feather properties

precWQ ENSGALG00000037031 low XP-EHH Comb property

precWQ ENSGALG00000038223 | WHRN low XP-EHH Comb property

precWQ ENSGALG00000039826 | CNGA3 low XP-EHH FCR

precWQ ENSGALG00000040003 | STXBP1 low XP-EHH Comb property

precWQ ENSGALG00000040528 | AP5Z1 high XP-EHH Growth

precWQ ENSGALG00000041437 | FAM155B low XP-EHH Comb property

precWQ ENSGALG00000042453 | gga-mir-7442 low XP-EHH Comb property

precDQ ENSGALG00000000627 | DNAJC11 high XP-EHH Growth, Eggshell property, Dry matter digestibility
precDQ ENSGALG00000001153 | AUTS2 low XP-EHH Feed intake, Growth, Albumen property, Egg property
precDQ ENSGALG00000002170 low XP-EHH Growth, Breast parameters, Digestive system property
orecDQ ENSGALG00000004128 | CYSLTRI low XP-EHH Er%rs:r?; Fabricius weight, Comb property, Skin related, Albumen
precDQ ENSGALG00000005139 | CLTC high XP-EHH FCR

precDQ ENSGALG00000005872 | BANP low XP-EHH, Fst Immune response related

precDQ ENSGALG00000006912 | CPEB3 low XP-EHH Breast parameters

precDQ ENSGALG00000009078 | GALNT14 low XP-EHH Breast parameters

precDQ ENSGALG00000009813 | SCOC high Fst Growth

precDQ ENSGALG00000009826 | CLGN high Fst Growth

precDQ ENSGALG00000010053 | PTPRF low XP-EHH Breast parameters

precDQ ENSGALG00000010744 | GALNTY low XP-EHH Feather properties

precDQ ENSGALG00000012424 | GTDC1 high Fst FCR

precDQ ENSGALG00000012559 | LARGE1 high XP-EHH beta 2-globulin level

precDQ ENSGALG00000012975 | IQSEC3 low XP-EHH Eggshell property

precDQ ENSGALG00000013177 | BCAT1 low XP-EHH Eggshell property

precDQ ENSGALG00000013606 | FGL1 high Fst Immune response related

precDQ ENSGALG00000015018 | CASQ2 low Fst FCR

precDQ ENSGALG00000015112 | ZNF521 low Fst Eggshell property
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precDQ ENSGALG00000016282 | ZNF451 high XP-EHH Thymus weight

precDQ ENSGALG00000016282 | ZNF451 low XP-EHH Thymus weight

precDQ ENSGALG00000028032 | MSRA low XP-EHH, Fst Disease susceptibility

precDQ ENSGALG00000028148 | PHF13 high XP-EHH Growth, Eggshell property, Dry matter digestibility

precDQ ENSGALG00000030597 | KIF11 low XP-EHH Eggshell property

precDQ ENSGALG00000032234 | MARCH5 low XP-EHH Eggshell property

precDQ ENSGALG00000032672 | KRT5 high Fst Feather properties

precDQ ENSGALG00000033157 | ADAMTS10 high XP-EHH Eggshell property, Small yellow follicle number, Ovary property, Small
yellow follicle number

precDQ ENSGALG00000033470 | ADGRA3 low Fst Eggshell property

precDQ ENSGALG00000033569 high Fst Growth, Eggshell property, Dry matter digestibility

precDQ ENSGALG00000035211 | KLHL21 high XP-EHH Growth, Eggshell property, Dry matter digestibility

precDQ ENSGALG00000035492 | ELMO1 high XP-EHH Growth, Eggshell property

precDQ ENSGALG00000035505 | AOAH high XP-EHH Eggshell property

precDQ ENSGALG00000037856 | CHL1 low XP-EHH Feed intake

precDQ ENSGALG00000038924 | IDE low XP-EHH Eggshell property

precDQ ENSGALG00000039472 | SART3 high Fst Skin related, Albumen property

precDQ ENSGALG00000043642 | ANLN high Fst Eggshell property

precDQ ENSGALG00000043689 high XP-EHH Feather properties

precDQ ENSGALG00000045753 | MRPL12 high XP-EHH Bursa of Fabricius weight

Landuse ENSGALG00000000636 | MDM4 low Fst Abdominal fat properties

Landuse ENSGALG00000002170 low XP-EHH Growth, Breast parameters, Digestive system property

Landuse ENSGALG00000002510 | IP6K1 low Fst Egg production related, Eggshell property, Abdominal fat properties

Landuse ENSGALG00000002511 low Fst Growth, Breast parameters, Digestive system property

Landuse ENSGALG00000003563 | YARS low XP-EHH FCR

Landuse ENSGALG00000006763 | EXOC6 low XP-EHH Eggshell property

Landuse ENSGALG00000006912 | CPEB3 low XP-EHH Breast parameters

Landuse ENSGALG00000010536 | FAF1 high Fst Feather properties, Egg property

Landuse ENSGALG00000011428 | AZI2 low XP-EHH Comb property

Landuse ENSGALG00000011439 | RBMS3 low Fst Feather properties

Landuse ENSGALG00000011635 | TFCP2L1 low XP-EHH FCR, Growth

Landuse ENSGALG00000012015 | NDST4 low XP-EHH, Fst Abdominal fat properties

Landuse ENSGALG00000013008 | CHUNK-1 high XP-EHH Eggshell property

Landuse ENSGALG00000013134 | PLEKHAS high XP-EHH Eggshell property
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Landuse ENSGALG00000013177 | BCAT1 low XP-EHH Eggshell property
Landuse ENSGALG00000014425 | NCAPG high XP-EHH, Fst Albumen property, Egg production_related, Eggshell property, Growth,
Yolk property, Gizzard property, Liver property
Landuse ENSGALG00000014615 | LAMA1L low XP-EHH Cholesterol level, FCR
Landuse ENSGALG00000015846 | SNAP91 low Fst Eggshell property
Landuse ENSGALG00000016959 | DGKH high Fst Growth
Landuse ENSGALG00000028851 | RAB8A low Fst FCR
Landuse ENSGALG00000029022 | NPAS3 high XP-EHH Feather properties
Landuse ENSGALG00000030597 | KIF11 low Fst Eggshell property
Landuse ENSGALG00000031390 | STAU2 high XP-EHH FCR
Landuse ENSGALG00000032234 | MARCH5 low XP-EHH Eggshell property
Landuse ENSGALG00000033695 | CYP26A1 low Fst Eggshell property
Landuse ENSGALG00000035533 | ADIPOR? high XP-EHH Eggshell property, Growth
Landuse ENSGALG00000036909 | BEND5S low Fst Feather properties
Landuse ENSGALG00000036964 high Fst Eggshell property
Landuse ENSGALG00000037043 | PIK3C2B low XP-EHH Abdominal fat properties
Landuse ENSGALG00000038924 | IDE low XP-EHH Eggshell property
Landuse ENSGALG00000039327 | VAV3 low XP-EHH Spleen property
Landuse ENSGALG00000039772 | RGS7 high Fst Growth
Landuse ENSGALG00000041042 | GABRG3 low Fst Growth
Landuse ENSGALG00000043213 | CYP26C1 low Fst Eggshell property
s0ilOrgC ENSGALG00000004087 | THSD4 high XP-EHH, Fst Bursa of Fabricius weight
s0ilOrgC ENSGALG00000004719 | SPTAN1 high XP-EHH Growth
s0ilOrgC ENSGALG00000005379 | SGSM1 high Fst Skin related
s0ilOrgC ENSGALG00000007354 | CIT low XP-EHH Age at sexual maturity
s0ilOrgC ENSGALG00000009424 | FOXP2 high Fst Earlobe property
s0ilOrgC ENSGALG00000010744 | GALNTY high Fst Feather properties
s0ilOrgC ENSGALG00000012989 | NINJ2 high XP-EHH Eggshell property
50ilOrgC ENSGALG00000012994 | ERC1 high XP-EHH Eggshell property
s0ilOrgC ENSGALG00000012998 | WNT5B high Fst Wing porperty
s0ilOrgC ENSGALG00000013143 | PDE3A low Fst Eggshell property
50ilOrgC ENSGALG00000014496 | Proml high XP-EHH Proventriculus weight, Carcass property
s0ilOrgC ENSGALG00000015061 | CDC40 high Fst Breast parameters, FCR
s0ilOrgC ENSGALG00000016886 | FARP1 high XP-EHH FCR
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s0ilOrgC ENSGALG00000016955 | VWAS high Fst Thymus weight

s0ilOrgC ENSGALG00000016974 | GTF2F2 high XP-EHH Gizzard property, Heart condition, Liver related, Proventriculus weight
s0ilOrgC ENSGALG00000017025 | CKAP2 high XP-EHH Comb property, Feed intake, Ovary property
s0ilOrgC ENSGALG00000017026 | VPS36 high Fst FCR, Comb property, Feed intake, Ovary property
s0ilOrgC ENSGALG00000023670 | NAALADL? high XP-EHH Breast parameters

s0ilOrgC ENSGALG00000028032 | MSRA high Fst Disease susceptibility

s0ilOrgC ENSGALG00000033311 high XP-EHH Immune response-related

s0ilOrgC ENSGALG00000040938 | NLGN1 high Fst Breast parameters

s0ilOrgC ENSGALG00000041120 | METTL24 high Fst Breast parameters

s0ilOrgC ENSGALG00000041263 | DCLK1 high XP-EHH Feed intake, Pre-ovulatory follicle number
s0ilOrgC ENSGALG00000041510 | DUOX2 high XP-EHH Breast parameters

s0ilOrgC ENSGALG00000041782 high XP-EHH Immune response-related

s0ilOrgC ENSGALG00000045753 | MRPL12 low XP-EHH Bursa of Fabricius weight
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Table S5.1. The number of candidates ZHp selective sweep regions per ecotype and chromosome.

ecotypes
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Table S5.2. The number of candidates iHS selective sweep regions per ecotype and chromosome.

Supplementary Tables

ecotypes

El E2 E3 E4 E5 E6 E7 E8 E9 E10 El11 E12
chrl 3 17 7 4 12 2 10 10 25 7 2 2
chr2 6 12 6 2 16 2 6 5 10 3 27 9
chr3 7 3 2 1 3 1 4 9
chr4 5 4 9 7 5 5 3 28 5
chrb 3 2 4 2 3 3 4 8 15 18 2
chré 2 3 7 2 4 2 1
chr7 3 1 2 2 1 2 6
chr8 1 1 1 2 2 6 1 1 3
chr9 1 4 1 2 6 2 1
chr10 1 1 1 2 2 64
chrll 1 1 1 1 3
chrl2 1 1 1 1 6 3
chrl3 1 1 3
chri4 1 2 1 11
chrl5 4 2 3 1
chrl6 1
chrl?7 7 2 1 20
chrl8 1 1 2
chrl9 2 1 1 3 1 1
chr20 1 2 1 1 3
chr21 1 1 1 5 2
chr22 1
chr23 1 1
chr24 1
chr25 1 1 2
chr26 4 2 1 3 1
chr27 1 1 3 3
chr28 1 3
chr30 1 1 2 1
chr31 1
chr32 2
chr33 2 2 6 3 2
Total 41 53 32 29 74 23 44 56 80 22 180 46
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Table S5.3 Common Hp sweep regions between ecotypes (* indicates lowest ZHp value for that
particular ecotype).

=
ecotypes
Sweep regions Overlapping gene Ecotypes shared (ZHp sharing
value) .
candidate
sweep
1 120930000 120960000 | ENSGALG00000049135 | E2 (-4.55), E9 (-4.536) 2
1 162440000_162460000 | ENSGALG00000047522 | E5 (-4.09), E10 (-4.038) 2
1 193490000 193510000 | TENM4 E5 (-4.344), E9 (-4.165) 2
ENSGALG00000050070,
1_32700000_32750000 | £\ CAl a00000000108 | B¢ (4877), E10(5.143) 2
1 32730000 32750000 | ENSGALG00000052108 | EL (-4.081), E3 (-4.587) 2
1 32940000 32960000 | ENSGALG00000049735 | E3 (-4.29), E10 (-4.29) 2
2141290000 141310000 | EFR3A E5 (-4.276), E8 (-4.045) 2
2"147370000 147390000 | TSNAREL E1(-4.2), E2 (-4.42) 2
2 48280000 48300000 | PDELC E1 (-4.319), E2 (-4.132) 2
3750280000 50300000 | ENSGALG00000027159 | E3 (-4.158), E12 (-4.097) 2
3 51550000 51570000 | ARIDIB E1 (-4.634), E3 (-4.408) 2
3 51610000 51630000 | TMEM242 E4 (-4.006), E5 (4.172) 2
3 85440000 85460000 | ENSGALGO0000047999 | E4 (-4.546), E6 (-4.013) 2
3 69170000 69210000 | ENSGALG00000041688 | EL (-4.43), E6 (-4.226) 2
5 41180000 41200000 | ENSGALG00000053642 | E5 (-4.08), E12 (-4.099) 2
5 59680000 59700000 | LREN5 E1 (-4.122), E6 (-4.031) 2
7_19820000_19850000 | SCN2A E3 (-4.31), E12 (4.118) 2
9 23530000 23570000 | MBNLL E1 (-4.086), E2 (-4.358) 2
810000000 10030000 | ENSGALG00000049647 | E6 (-4.046), E10 (-4.983) 2
8 19380000 19410000 | ENSGALG00000008988 | E6 (-4.289), EQ (-5.226) 2
8 24640000 24670000 | ZFYVE9 E2 (-4.272), E9 (-4.19) 2
8 9110000 9130000 ENSGALGO0000054728 | E3 (-4.349), E6 (-4.252) 2
11 1550000 1570000 HYDIN E4 (-4.822), E9 (-4.359) 2
18 40000 60000 ZNF302 E5 (-4.114), E10 (-4.543) 2
223670000 3690000 | TMEM127 E1 (-4.52), £6 (-4.669) 2
TUBGL, CCRI0,
27_7800000_7830000 | Lo E1 (-4.176), E3 (-4.637) 2
E4 (-4.301), E8 (-4.659)",
1 112400000_112430000 | EFHC2 E10 (At 3
E4 (-4.809), E6 (-4.178),
2 147140000_147160000 | TSNARE1 E10 (6o 3
E1 (-4.023), E6 (-4.03),
3 20100000_20120000 | ESRRG Cis (40 3
EL (-4.614), E5 (-4.421),
4 39200000_39220000 | TACR3 o Cac1e 3
4 77860000_77880000 | ENSGALG00000050913 E‘jo('(‘fﬁ)l’)Eg (-4.226), 3
4 81460000 81480000 | ENSGALG00000053356 54110((4403% B9 (-4.181), 3
E1 (-4.865), E8 (-4.177),
912520000 12560000 | AGTR1 o 400 3
E2 (-4.366), E6 (-4.477),
106320000 6340000 | APBA2 o Ao 3
12_4170000_4190000 | ENSGALG00000030908 | £ Ejig)l) B2 (-4.523), 3
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18_10850000_10870000

CASKINZ2
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E4 (-4.245), E9 (-4.244),
E10 (-4.214)

23_5660000_5680000

TRIT1

E5 (-4.871), E6 (-4.807),
E9 (-4.081)

24_6150000_6180000

BCO2, TEX12, IL18,
SDHD

E2 (-4.157), E10 (-5.027),
E12 (-4.343)

4_75820000_75840000

NCAPG, LCORL

E3 (-4.451), E9 (-4.897),
E10 (-4.544),
E11 (-4.339)

7_19830000_19850000

SCN2A

E4 (-4.348), E6 (-4.772),
E9 (-4.281),
E11 (-4.196)

7_6950000_6970000

DIP2A

E2 (-4.183), E5 (-4.139),
E6 (-4.793), E9 (-4.115)

18_10880000_10900000

TSEN54, LLGL2

E3 (-4.022), E5 (-4.3859),
E11 (-4.232), E12 (-4.395)

5_40990000_41040000

TSHR, GTF2A1

E4 (-4.996), E5 (-5.339),
E6 (-5.101)*, E10 (-5.192),
E12 (-4.676)

6_19150000_19170000

ENSGALGO00000006137

E1 (-4.0408), E2 (-4.925),
E3 (-5.207), E6 (-4.906),
E10 (-4.18)

5_41000000_41030000

TSHR

E1 (-5.388)*, E2 (-5.452)*,
E3 (-6.04)*, E7 (-4.268)*,
E9 (-5.574), E11 (-4.826)

12_8120000_8150000

CACNA2D3

E1 (-4.6), E3 (-4.051),
E6 (-5.517), E9 (-4.626),
E10 (-4.202), E12 (-5.078)*

5_22750000_22800000

ENSGALGO00000052351

E1 (-4.714), E2 (-4.749),
E3 (-4.641), E4 (-4.123),
ES5 (-4.694), E6 (-4.183),
E7 (-4.035), E8 (-4.285),
E9 (-4.314), E10 (-4.886),
E11 (-4.534)

11
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Table S5.4 Common iHS sweep regions between ecotypes.

# ecotypes
Sweep regions Overlapping gene Ecotypes shared Shaf'“g
(JiIHS| value) candidate
sweep
2_102650000_102670000 | GATAG E11 (3.099), E12 (2.852) 2
2_109290000_109310000 | ENSGALG00000053102 | E1 (2.396), E3 (2.153) 2
2_109360000_109400000 | ENSGALG00000049655 | E1 (2.903), E3 (2.489) 2
2_147150000_147170000 | TSNARE1 E2 (2.164), E5 (2.206) 2
2_147290000_147320000 | TSNARE1 El (2.562), E2 (2.181) 2
2_41470000_41490000 ENSGALGO00000054423 | E7 (2.405), E9 (2.854) 2
2_44530000_44550000 FBXL2 E2 (2.318), E9 (2.566) 2
2_82850000_82940000 ENSGALGO00000051615 | E1 (2.393), E9 (2.429) 2
4_81600000_81620000 ENSGALGO00000015609 | E9 (2.344), E12 (2.268) 2
4_90360000_90380000 ENSGALGO00000053684 | E5 (2.388), E10 (2.026) 2
5_27510000_27550000 MAP3K9 E2 (2.345), E8 (2.349) 2
5_38240000_38270000 FCF1, YLPM1 E4 (2.243), E8 (2.407) 2
12_2390000_2410000 DOCK3 E5 (2.248), E9 (2.269) 2
12_8520000_8540000 ERC2 El (2.673), E8 (2.163) 2
21 3340000_3370000 SPSB1 E7 (2.381), E8 (2.304) 2
26_60000_110000 TEADS, TULP1, FKBP5 | E4 (2.14), E7 (2.823) 2
33_4120000_4140000 MARS E2 (2.804), E8 (2.626) 2
E3 (2.666), E5 (2.216),
6_9980000_10000000 CHUK Es gz 4 493 ( ) 3
E3 (2.268), E5 (2.841),
33_6110000_6130000 ENSGALG00000052298 E9 §2.281g ( ) 3
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Table S5.5.1. Candidate selective sweep regions detected in Ecotype 1 using the Hp method.
(Chr: chromosome. # win: number of analyzed windows within the region. Fragment (kb):
fragment size for the sweep regions in kilobase pair. uZHp + s.d.: mean and standard deviation
for ZHp for selected windows within a region. GENE: annotated gene(s) overlapping selected

region). *Red highlighted genes were found uniquely in this ecotype.

Fragment

Chr Start Stop #win (Kb) uZHp % s.d. GENE*
1 32730000 | 32750000 1 20 -4.08
2 119410000 | 119460000 4 50 -4.39+0.25 ZFHX4
2 119460000 | 119490000 2 30 -4.19 £ 0.00 PEX2
2 147130000 | 147160000 2 30 424 £0.31 TSNARE1
2 147370000 | 147390000 1 20 -4.20 TSNARE1
2 48280000 | 48300000 1 20 -4.31 PDE1C
2 50230000 | 50250000 1 20 -4.73 SUGCT
3 20100000 | 20120000 1 20 -4.02 ESRRG
3 21010000 | 21030000 1 20 -4.17 KCNK2
3 51550000 | 51570000 1 20 -4.63 ARID1B
3 69170000 | 69210000 3 40 -4.43 +£0.27
4 39200000 | 39220000 1 20 -4.61 TACR3
5 22750000 | 22800000 4 50 -4.71+£0.43
5 41000000 | 41030000 2 30 -5.38 £ 0.74 TSHR
5 59680000 | 59700000 1 20 -4.12 LRFEN5
6 19150000 | 19170000 1 20 -4.04
7 19850000 | 19870000 1 20 -4.19 SCN2A
9 10440000 | 10460000 1 20 -4.16 GRK7, ATP1B3
9 12520000 | 12560000 3 40 -4.86 £ 0.13 AGTR1
9 23530000 | 23570000 2 40 -4.08 + 0.05 MBNL1
12 4170000 4190000 1 20 -4.25
12 8120000 8150000 2 30 -4.60 £ 0.30 CACNA2D3
14 5670000 5690000 1 20 -4.03 CACNA1H
18 620000 650000 2 30 -4.38 £ 0.43 MYH1C
19 9290000 9310000 1 20 -4.00
22 3670000 3690000 1 20 -4.52 TMEM127
27 4660000 4680000 1 20 -4.15 CRHR1
TUBG1, CCR10,
27 7800000 7830000 3 30 -4.17£0.18 CNTNAP1
DRAP1, RELA,
TMEM223, STX5,
33 6470000 6570000 7 100000 | -4.21+0.16 WDR74, SNORD30,

SNORD22, TAF6L,
MTA2, EML3
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Table S5.5.2. Candidate selective sweep regions detected in Ecotype 2 using the Hp method.
(Chr: chromosome. # win: number of analyzed windows within the region. Fragment (kb):
fragment size for the sweep regions in kilobase pair. uZHp + s.d.: mean and standard deviation
for ZHp for selected windows within a region. GENE: annotated gene(s) overlapping selected

region). * Red highlighted genes were found uniquely in this ecotype.

Chr | Start Stop #win Fr?ﬁg‘)e”t uZHp + s.d. GENE*
1 | 112390000 | 112440000 | 4 50 | 447+036 EFHC2
1 | 120930000 | 120960000 | 2 30 | -455+0.03
1 | 185880000 | 185900000 | 1 20 | 411
1 | 32710000 | 32730000 | 1 20 | -4.00
1 | 89860000 | 89880000 | 1 20 | -4.03 TMPRSS?
2 | 147370000 | 147390000 | 1 20 | -442 TSNAREL
2 | 48280000 | 48300000 | 1 20 | -413 PDELC
4 | 20350000 | 20370000 | 1 20 | -4.03
4 | 20390000 | 20430000 | 4 40 | -4.25%0.06
4 | 48210000 | 48240000 | 2 30 | -416+0.06 ADGRL3
4 | 48210000 | 48230000 | 1 20 | 412 gga-mir-1730
4 | 75650000 | 75670000 | 1 20 | -485
5 | 21730000 | 21760000 | 2 30 | -4.33%0.07 MIRL129-2
5 | 22750000 | 22800000 | 4 50 | -4.74%0.35
5 | 41000000 | 41030000 | 2 30 | -5.45+0.36 TSHR
6 | 14580000 | 14600000 | 1 20 | -4.07 KCNMAL
6 | 16240000 | 16290000 | 4 50 | -4.46%0.25 VCL
6 | 19150000 | 19170000 | 1 20 | 492
7 | 11670000 | 11700000 | 2 30 | -416%002 FZD7
7 | 19830000 | 19860000 | 2 30 | -4.29+0.08 SCN2A
7 | 20390000 | 20410000 | 1 20 | -4.49
7 | 29280000 | 29310000 | 2 30 | 467014 DPP10
7 | 6950000 | 6970000 1 20 | -418 DIP2A
8 | 24640000 | 24670000 | 2 30 | 427014 ZFYVE9
9 | 23530000 | 23570000 | 3 40 | -435+0.26 MBNLL

10 | 18710000 | 18730000 | 1 20 | 422 MEGF11
10 | 6320000 | 6340000 1 20 | 436 APBA2
12 | 4170000 | 4190000 1 20 | -452

12 | 4790000 | 4830000 3 40 | -455%0.30 ATG7

12 | 7920000 | 7950000 2 30 | -4.26+0.06 CACNA2D3
24 | 6150000 | 6180000 2 30 | -4.15+0.20 BCDO2
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Table S5.5.3. Candidate selective sweep regions detected in Ecotype 3 using the Hp method.
(Chr: chromosome. # win: number of analyzed windows within the region. Fragment (kb):
fragment size for the sweep regions in kilobase pair. uZHp + s.d.: mean and standard deviation
for ZHp for selected windows within a region. GENE: annotated gene(s) overlapping selected

region). * Red highlighted genes were found uniquely in this ecotype.

Fragment

Chr Start Stop #win (kb) uZHp % s.d. GENE*
1 117550000 | 117570000 1 20 -4.06 ILIRAPL1
1 32730000 | 32750000 1 20 -4.58
1 32830000 | 32850000 1 20 -4.09 TAFA2
1 32940000 | 32960000 1 20 -4.29
1 76440000 | 76470000 2 30 -4.30+£0.17
1 83730000 | 83750000 1 20 -5.00 DRD3
2 118690000 | 118750000 3 60 -4.32 £0.23 HNF4G
2 118950000 | 118990000 3 40 -4.51+0.12
2 119410000 | 119440000 2 30 -4.09 £0.01 ZFHX4
2 130960000 | 130980000 1 20 -4.38 HSF1
2 141330000 | 141350000 1 20 -4.10 EFR3A
2 147100000 | 147160000 3 60 -4.37£0.23 TSNARE1
2 48290000 | 48310000 1 20 -4.03 PDE1C
3 12500000 | 12530000 2 30 -4.31+£0.24 CDC42BPA
3 50260000 | 50290000 2 30 -4.34 £ 0.02
3 50280000 | 50300000 1 20 -4.16
3 51550000 | 51570000 1 20 -4.40 ARID1B
4 16400000 | 16420000 1 20 -4.15 CUL4B
4 20350000 | 20410000 5 60 -4.41 £ 0.25 LRAT
4 39150000 | 39220000 6 70 -5.28 £0.23 TACR3
4 47400000 | 47420000 1 20 -4.40
4 48500000 | 48560000 5 60 -4.71£0.24
4 64540000 | 64560000 1 20 -4.07 DLC1
4 6650000 6680000 2 30 -4.23+0.11
4 75820000 | 75840000 1 20 -4.45 NCAPG, LCORL
5 12910000 | 12930000 1 20 -4.00 PTPN5
5 17910000 | 17930000 1 20 -4.10
5 18180000 | 18200000 1 20 -4.37 SHANK2
5 21740000 | 21780000 3 40 -4.34 £0.22 MIR129-2
5 22750000 | 22790000 3 40 -4.64 + 0.34
5 23000000 | 23020000 1 20 -4.12 C1QTNF4, FAM180B
5 41000000 | 41030000 2 30 -6.04 £ 0.79 TSHR
5 41870000 | 41890000 1 20 -4.09
5 49020000 | 49070000 4 50 -4.55 +£0.39
6 14580000 | 14610000 2 30 -4.06 + 0.08 KCNMA1
6 19150000 | 19170000 1 20 -5.20 ARHGAP22
6 9980000 10000000 1 20 -4.13 CHUK
7 19820000 | 19850000 2 30 -4.31+£0.27 SCN2A
7 8270000 8310000 3 40 -4.27 £ 0.10 TMEFF2
8 10000000 | 10020000 2 20 -4.41+£0.12
8 10310000 | 10330000 3 20 -4.51 +£0.23
8 420000 480000 4 60 -4.142+ 0.09 AMY2A
8 510000 640000 11 130 -4.47+£0.14
8 650000 700000 4 50 -4.31+£0.14
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8 9110000 9130000 1 20 -4.34
8 9270000 9290000 1 20 -4.04
10 6310000 6340000 2 30 -4.63 + 0.22 MPHOSPH10, APBA2
11 13360000 | 13390000 2 30 -4.32 +£0.16
ADAMTS18, AP1Gl,

11 13790000 | 13810000 1 20 -4.21 PHLPP?
12 8130000 8150000 1 20 -4.05 CACNA2D3
14 8740000 8760000 1 20 -4.71 SMG1
18 10840000 | 10870000 2 30 -4.05 + 0.06 CASKINZ2
18 10880000 | 10900000 1 20 -4.02 TSENS4, LLGL2
22 990000 1020000 2 30 -4.73+0.14 DOCKS5
26 5260000 5280000 1 20 -4.08 gga-mir-7454

TUBGI1, CCR10,
27 7800000 7830000 2 30 -4.63 +£0.14 CNTNAPL

Table S5.5.4. Candidate selective sweep regions detected in Ecotype 4 using the Hp method.
(Chr: chromosome. # win: number of analyzed windows within the region. Fragment (kb):
fragment size for the sweep regions in kilobase pair. uZHp * s.d.: mean and standard deviation
for ZHp for selected windows within a region. GENE: annotated gene(s) overlapping selected
region). * Red highlighted genes were found uniquely in this ecotype.

Chr Start Stop # win Fraéarl?)ent uZHp + s.d. GENE*
1 112400000 | 112430000 2 30 -4.30 £ 0.03 EFHC2
1 162460000 | 162480000 1 20 -4.05
1 71630000 | 71650000 1 20 -4.15
2 147140000 | 147160000 1 20 -4.80 TSNARE1
2 147300000 | 147320000 1 20 -4.50 TSNARE1
3 51610000 | 51630000 1 20 -4.00 TMEM?242
3 61430000 | 61450000 1 20 -4.24
3 77700000 | 77730000 2 30 -4.35+0.24 SNAP91, PRSS35
3 85440000 | 85460000 1 20 -4.54
4 81460000 | 81480000 1 20 -4.08
5 22750000 | 22780000 2 30 -4.12 £ 0.08
5 40990000 | 41040000 4 50 -4.99 + 0.69 TSHR, GTF2A1
6 12300000 | 12320000 1 20 -4.54 SGPL1
7 17000000 | 17020000 1 20 -4.17 OLAl
7 19830000 | 19850000 1 20 -4.34 SCN2A
8 460000 480000 2 20 -4.19+£0.27
8 560000 580000 1 20 -4.00
8 600000 700000 9 100 -4.40 + 0.26
9 10420000 | 10460000 3 40 -5.22+0.14 RNF7, GRK7, ATP1B3
11 1550000 1570000 1 20 -4.82 HYDIN
18 | 10850000 | 10870000 1 20 -4.24 CASKIN2
CNTD1, BECN1, PSME3,
G6PC, AARSD1,
27 7860000 7960000 6 100 -4.22 £0.22 PTGES3L, RUNDCL,
RPL27, VAT1, RND2
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Table S5.5.5. Candidate selective sweep regions detected in Ecotype 5 using the Hp method.
(Chr: chromosome. # win: number of analyzed windows within the region. Fragment (kb):
fragment size for the sweep regions in kilobase pair. uZHp * s.d.: mean and standard deviation
for ZHp for selected windows within a region. GENE: annotated gene(s) overlapping selected

region). * Red highlighted genes were found uniquely in this ecotype.

Fragment

Chr Start Stop #win (kb) uZHp % s.d. GENE*
1 162440000 | 162460000 1 20 -4.09
1 163850000 | 163880000 2 30 -4.10 £ 0.07 DIAPH3
1 193490000 | 193510000 1 20 -4.34 TENM4
1 71880000 | 71900000 1 20 -4.18 DUSP16
1 72650000 | 72670000 1 20 -4.39 MANSC4
1 75580000 | 75600000 1 20 -4.11 NANOG
2 141290000 | 141310000 1 20 -4.27 EFR3A
2 141370000 | 141400000 2 30 -5.19 £ 0.10 HHLA1, OC90
2 147010000 | 147160000 12 150 -4.38 £0.31 TSNARE1
2 147370000 | 147410000 3 40 -4.11+0.14 TSNARE1
3 51470000 | 51490000 1 20 -4.18 ARID1B
3 51610000 | 51630000 1 20 -4.17 TMEM242
3 51820000 | 51850000 2 30 -4.04 £ 0.05 SNX9
3 61550000 | 61590000 3 40 -4.31+0.21
3 85480000 | 85520000 3 40 -4.14 £ 0.07
4 39200000 | 39220000 1 20 -4.42 TACR3
4 48230000 | 48260000 2 30 -4.29 £ 0.30 ADGRL3
5 22750000 | 22790000 3 40 -4.69 + 0.36
5 41000000 | 41040000 3 40 -5.33+0.74 TSHR, GTF2A1
5 41180000 | 41200000 1 20 -4.08
7 6950000 6970000 1 20 -4.13 DIP2A
9 11640000 | 11680000 3 40 -4.44 £ 0.35 PLOD2
11 | 18320000 | 18340000 1 20 -4.11 ZNF469
18 | 10770000 | 10790000 1 20 -4.66 GRB2
18 | 10880000 | 10900000 1 20 -4.38 TSEN54, LLGL2
18 40000 60000 1 20 -4.11 ZNF302
23 5660000 5680000 1 20 -4.87 TRIT1
27 7840000 7860000 1 20 -4.28 EZH1, RAMP2, VPS25
PSME3, G6PC, AARSD1,
27 7880000 7930000 4 50 -4.38 £0.22 PTGES3L, RUNDC1,
RPL27, IFI35
27 7940000 7970000 2 30 -4.05 + 0.00 VAT1, RND2
30 940000 960000 1 20 -4.34 ACTL6B, MEPCE
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Table S5.5.6. Candidate selective sweep regions detected in Ecotype 6 using the Hp method.
(Chr: chromosome. # win: number of analyzed windows within the region. Fragment (kb):
fragment size for the sweep regions in kilobase pair. uZHp + s.d.: mean and standard deviation
for ZHp for selected windows within a region. GENE: annotated gene(s) overlapping selected
region). * Red highlighted genes were found uniquely in this ecotype.

Fragment

Chr Start Stop #win (kb) uZHp % s.d. GENE*
1| 117790000 | 117810000 | 1 20 | -4.074 ILIRAPL1
1| 132070000 | 132090000 | 1 20 | 423 OCA2
1| 176720000 | 176750000 | 2 30 |-433£001 UBL3
2| 118700000 | 118720000 | 1 20 | -4.04 HANF4G
2| 119400000 | 119450000 | 4 50 | -4.10%0.06 ZFHX4
2| 147140000 | 147160000 | 1 20 | 417 TSNAREL
3| 20100000 | 20120000 | 1 20 | 403 ESRRG
3| 50580000 | 50610000 | 2 30 |-413:013 TIAM2
3| 69170000 | 69210000 | 3 40 | 422+028
3| 85440000 | 85460000 | 1 20 | 401
4| 39160000 | 39190000 | 2 30 | 4132012 TACR3
4| 42460000 | 42480000 | 1 20 | -4.06
4| 77860000 | 77880000 | 1 20 | 421
4| 81460000 | 81490000 | 2 30 | -410%006
5 | 22750000 | 22780000 | 2 30 | -418%0.15
5 | 3190000 | 3240000 | 4 50 | -4.290.20 GAS2
5 | 4010000 | 4030000 | 1 20 | 405 BDNF
5 | 40990000 | 41040000 | 4 50 | -510%073 TSHR, GTF2AL
5 | 41200000 | 41240000 | 3 40 | -4.09%0.09
5 | 59680000 | 59700000 | 1 20 | 403 LRFNS
6 | 19150000 | 19170000 | 1 20 | 490
7 | 19840000 | 19870000 | 2 30 | 477:012 SCN2A
7 | 6950000 | 6970000 | 1 20 | 479 DIP2A
8 | 10000000 | 10030000 | 2 30 | -4.04%001
8 | 19380000 | 19410000 | 2 30 | 428005
8 | 9110000 | 9130000 | 1 20 | 425
ZBTB38, RASAZ, RNFT,
9 | 10360000 | 10460000 | 8 100 | -4.43+0.26 Apunstil
9 | 10550000 | 10570000 | 1 20 | -423 GK5
10 | 6320000 | 6340000 | 1 20 | 447 APBA2
12 | 4170000 | 4190000 | 1 20 | -416
12 | 8120000 | 8150000 | 2 30 | -451021 CACNA2D3
15 | 520000 | 540000 | 1 20 | 408 HIC2
20 | 13880000 | 1390000 | 1 20 | -4.86 SLCOAB, BAGALTS
22 | 3670000 | 3690000 | 1 20 | 466 TMEM127
23 | 5660000 | 5680000 | 1 20 | -4.80 TRITL
TCEB3, PITHDL, LYPLAZ,
23 | 5730000 | 5750000 | 1 20 | -403 CALE Hveor Fucas
23 | 5850000 | 5890000 | 3 20 | -402£001 GRHL3
CLPS, LHFPLS,
26 | 90000 | 140000 | 4 50 | -4.20+017 SRPL St Cotns
26 | 190000 | 220000 | 2 30 | -405:002 |  BRPF3,TBCID22B
26 | 250000 | 290000 | 3 40 | -420£012 | CACNALS, KIF21B
26 | 10000 | 110000 | 9 100 |-421+009 | VICALL SMPD2, TEADS,

TULP1, FKBPS
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CNTD1, BECNL1, PSMES,
G6PC, AARSD1,
27 7860000 7970000 10 110 -4.37+£0.13 PTGES3L, RUNDC1,
RPL27, IFI35, VAT1,
RND2
27 8010000 8030000 1 20 -4.57 MPP2
33 6500000 6530000 2 30 -4.15+0.03 | TMEM223, STX5, WDR74
33 6550000 6570000 1 20 -4.5 MTA2, EML3

Table S5.5.7. Candidate selective sweep regions detected in Ecotype 7 using the Hp method.
(Chr: chromosome. # win: number of analyzed windows within the region. Fragment (kb):
fragment size for the sweep regions in kilobase pair. uZHp + s.d.: mean and standard deviation
for ZHp for selected windows within a region. GENE: annotated gene(s) overlapping selected

region).
Chr | Start Stop | #win Fr?ﬁg‘)e”t uZHp + s.d. GENE*
5| 22750000 | 22780000 | 2 30 | -4.03%0.04
5| 41000000 | 41030000 | 2 30 | 4.26%0.19 TSHR

Table S5.5.8. Candidate selective sweep regions detected in Ecotype 8 using the Hp method.
(Chr: chromosome. # win: number of analyzed windows within the region. Fragment (kb):
fragment size for the sweep regions in kilobase pair. uZHp + s.d.: mean and standard deviation
for ZHp for selected windows within a region. GENE: annotated gene(s) overlapping selected
region). * Red highlighted genes were found uniquely in this ecotype.

Chr Start Stop # win Fraéarl?)ent uZHp + s.d. GENE*
1 112400000 | 112440000 3 40 -4.65 + 0.36 EFHC2
2 141290000 | 141310000 1 20 -4.04 EFR3A
2 28130000 | 28150000 1 20 -4.08
3 109890000 | 109910000 1 20 -4.03 ADGRF5
4 39200000 | 39220000 1 20 -4.51 TACR3
4 62730000 | 62770000 3 40 -4.44 +0.27
5 22760000 | 22790000 2 30 -4.28 £ 0.01
5 40990000 | 41030000 3 40 -4.53 £ 0.35 TSHR
9 12520000 | 12560000 4 40 -4.17 £ 0.02 AGTR1
12 4760000 4820000 5 60 -4.16 £ 0.07 HRH1, ATG7
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Table S5.5.9. Candidate selective sweep regions detected in Ecotype 9 using the Hp method.
(Chr: chromosome. # win: number of analyzed windows within the region. Fragment (kb):
fragment size for the sweep regions in kilobase pair. uZHp + s.d.: mean and standard deviation
for ZHp for selected windows within a region. GENE: annotated gene(s) overlapping selected

region). * Red highlighted genes were found uniquely in this ecotype.

Fragment

Chr Start Stop #win (kb) uZHp % s.d. GENE*
1 120930000 | 120960000 2 30 -4.53 £ 0.02
1 162440000 | 162480000 3 40 -4.40+0.34
1 193490000 | 193510000 1 20 -4.16 TENM4
1 25670000 | 25700000 2 30 -4.11 £0.07
1 27290000 | 27330000 3 40 -4.29 + 0.06 DOCK4
1 32700000 | 32750000 4 50 -4.87 £ 0.09
1 75480000 | 75500000 1 20 -4.055 FOXJ2
1 75720000 | 75760000 2 40 -4.25+0.23 RIMKLB
1 81050000 | 81070000 1 20 -4.22 ATP1Al
1 82470000 | 82490000 1 20 -4.14 LSAMP
2 147050000 | 147200000 12 150 -4.41 + 0.26 TSNARE1
2 25650000 | 25670000 1 20 -4.08
2 82030000 | 82060000 2 30 -4.19+0.18
2 82260000 | 82310000 4 50 -4.37+£0.18 VSTM2A
2 82620000 | 82640000 1 20 -4.69
3 20090000 | 20120000 2 30 -4.60 + 0.66 ESRRG
4 20350000 | 20400000 4 50 -4.402 £ 0.23 LRAT
4 56590000 | 56640000 4 50 -4.47 £ 0.05 CAMK2D
4 74600000 | 74620000 1 20 -4.14
4 75820000 | 75840000 1 20 -4.89 NCAPG, LCORL
4 77860000 | 77880000 1 20 -4.22
4 81460000 | 81480000 1 20 -4.18
5 17910000 | 17940000 2 30 -4.22+£0.14
5 18050000 | 18070000 1 20 -4.003 ANOQO1, FADD
5 19010000 | 19030000 1 20 -4.06 EHF
5 22760000 | 22790000 2 30 -4.31+£0.10
5 2740000 2760000 1 20 -4.20 NELL1
5 2770000 2810000 2 40 -4.28 £ 0.26
5 3030000 3080000 3 50 -419+0.11 SLC17A6
5 3180000 3280000 7 100 -4.39+0.24 GAS2
5 3360000 3400000 3 40 -4.28 £0.19
5 3430000 3450000 1 20 -4.250 ANO3
5 3520000 3570000 3 50 -4.18£0.14 ANO3
5 3710000 3730000 1 20 -4.42 FIBIN
5 3830000 3890000 3 60 -4.28 £ 0.18 LGR4
5 40520000 | 40570000 4 50 -4.70 £ 0.34 NRXN3
5 3990000 4030000 2 40 -4.09 £ 0.03 BDNF
5 41000000 | 41020000 1 20 -5.57 TSHR
5 48990000 | 49080000 7 90 -6.16 + 0.14 BEGAIN
6 12290000 | 12320000 2 30 -4.65 + 0.09 MTTPL, SGPL1
7 19840000 | 19870000 2 30 -4.28 £ 0.15 SCN2A
7 6950000 6970000 1 20 -4.11 DIP2A
8 19380000 | 19410000 2 30 -5.22 £ 0.51 2773
8 24640000 | 24670000 2 30 -4.19 £ 0.09 ZFYVE9
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9 12520000 | 12560000 3 40 -4.04 + 0.03 AGTR1

10 6300000 6340000 3 40 -4.25+0.12 MPHOSPH10, APBA2
11 1420000 1440000 1 20 -4.007 CNOT1

11 1460000 1480000 1 20 -4.20 CNOT1, SLC38A7, GOT2
11 1550000 1570000 1 20 -5.35 HYDIN

12 4790000 4810000 1 20 -4.07 ATG7

12 8120000 8150000 2 30 -4.62 +0.39 CACNA2D3

15 3250000 3350000 9 100 -4.74 £ 0.13 STX2

15 4240000 4260000 1 20 -4.01 TMEM132C

18 10850000 | 10870000 1 20 -4.24 CASKINZ2

20 13870000 | 13900000 2 30 -4.14 + 0.58 SLC9A8, BAGALT5
23 5660000 5680000 1 20 -4.08 TRIT1

30 1430000 1450000 1 20 -4.28

32 440000 470000 2 30 -4.78 £ 0.13 SAEl

Table S5.5.10. Candidate selective sweep regions detected in Ecotype 10 using the Hp method.
(Chr: chromosome. # win: number of analyzed windows within the region. Fragment (kb):
fragment size for the sweep regions in kilobase pair. uZHp + s.d.: mean and standard deviation
for ZHp for selected windows within a region. GENE: annotated gene(s) overlapping selected
region). * Red highlighted genes were found uniquely in this ecotype.

Chr Start Stop # win Frazartr);ent uZHp + s.d. GENE*
1 100330000 | 100350000 1 20 -4.28
1 102640000 | 102660000 1 20 -4.51
1 112400000 | 112430000 2 30 -4.24 + 0.02 EFHC2
1 117520000 | 117550000 2 30 -4.19 + 0.09 ILIRAPL1
1 162440000 | 162460000 1 20 -4.03
1 172810000 | 172830000 1 20 -4.08
1 32700000 | 32750000 4 50 -5.14 + 0.45
1 32940000 | 32960000 1 20 -4.29
1 42400000 | 42430000 2 30 -4.53 £ 0.10
1 97900000 | 97930000 2 30 -4.50 + 0.58 ROBO1
1 97940000 | 97970000 2 30 -4.35+0.19 ROBO1
1 97980000 | 98010000 2 30 -4.85 +0.39 ROBO1
1 98060000 | 98080000 1 20 -4.26
1 98890000 | 98910000 1 20 -4.02
2 123050000 | 123080000 3 30 -4.11 £ 0.05 CPNE3, CNGB3
2 141320000 | 141340000 1 20 -4.31 EFR3A
2 147080000 | 147120000 3 40 -4.82 +0.14 TSNARE1
2 147130000 | 147210000 7 80 -4.93+0.79 TSNARE1
2 78320000 | 78340000 1 20 -4.18
2 89440000 | 89460000 1 20 -4.31
3 51450000 51480 2 30 -4.14 £ 0.02 ARID1B
3 69180 69210000 2 30 -5.28 £ 0.01
4 24310000 | 24340000 2 30 -5.13+0.13
4 56580 56640000 5 60 -4.78 £ 0.10 CAMK2D
4 67000000 | 67030000 2 30 -4.25+0.18
4 67170000 | 67190000 1 20 -4.14 GABRG1
4 75170000 | 75190000 1 20 -4.04 SLIT?2
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4 75820000 | 75840000 1 20 -4.54 NCAPG, LCORL

4 77460000 77480 1 20 -4.67 RAB28

4 77610000 | 77630000 1 20 -4.86

4 77860000 77880 1 20 -4.41

4 7920000 7960000 3 40 -4.11+£0.07

4 81460000 81480 1 20 -4.41

4 81510000 | 81560000 4 50 -4.22 £ 0.12

4 81460000 81480 1 20 -4.41

5 14120000 | 14140000 1 20 -4.43

5 17890000 | 17910000 1 20 -4.37

5 19020000 | 19050000 2 30 -4.56 + 0.14 EHF

5 21390000 | 21410000 1 20 -4.23

5 22750000 22800 4 50 -4.88 + 0.65

5 31370000 | 31390000 1 20 -4.00

5 41000000 | 41040000 3 40 -5.19 + 0.96 TSHR, GTF2A1

5 4450000 4470000 1 20 -4.36

5 47640000 | 47660000 1 20 -4.38

5 47790000 | 47810000 1 20 -4.39

5 47840000 47880 3 40 -4.71+£0.19

6 15830000 | 15870000 3 40 -4.30+ 0.25 KAT6B

6 19150000 | 19170000 1 20 -4.18

8 10000000 | 10030000 2 30 -4.98 +0.14

8 10320000 | 10350000 2 30 -4.44 +0.18

8 9100000 9130000 2 30 -4.95+ 0.35

8 9270000 9300000 2 30 -4.52 + 0.38

8 9860000 9880 1 20 -4.23

9 10340000 | 10360000 1 20 -4.02 ZBTB38

9 12530000 | 12550000 1 20 -4.12 AGTR1

9 23530000 | 23550000 1 20 -4.55 MBNL1

10 17640000 17680 3 40 -4.65 + 0.49 ADAMTS17

10 6320000 6340000 1 20 -4.15 APBA2

11 18330000 | 18350000 1 20 -4.42 ZNF469, ZFPM1

12 8130000 8150000 1 20 -4.20 CACNA2D3

18 10850000 | 10870000 1 20 -4.21 CASKINZ2

18 40000 60000 1 20 -4.54 ZNF302

19 1810000 1830000 1 20 -4.02 AUTS2

20 2180 2200000 1 20 -4.57 E2F1, NECAB3

22 1020000 1050000 2 30 -4.17 £ 0.10 DOCK5

22 990000 1010000 1 20 -4.25 DOCK5
BCO2, TEX12, IL18,

24 6150000 6180 2 30 -5.02+0.13 SDHD
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Table S5.5.11. Candidate selective sweep regions detected in Ecotype 11 using the Hp method.
(Chr: chromosome. # win: number of analyzed windows within the region. Fragment (kb):
fragment size for the sweep regions in kilobase pair. uZHp + s.d.: mean and standard deviation
for ZHp for selected windows within a region. GENE: annotated gene(s) overlapping selected

region). * Red highlighted genes were found uniquely in this ecotype.

Fragment

Chr Start Stop #win (kb) uZHp % s.d. GENE*
1 163730000 | 163790000 4 60 -4.22 £ 0.22 DIAPH3
2 48280 48310000 2 30 -4.17 £ 0.01 PDE1C
2 61030000 | 61060000 2 30 -4.38 £ 0.45
2 78320000 | 78350000 2 30 -4.13 £ 0.08
3 23810000 | 23840000 2 30 -4.47 £ 0.00 EML4
3 82190000 | 82220000 2 30 -4.87 £ 0.00
4 27580 27610000 2 30 -4.11 + 0.05
4 30920000 | 30940000 1 20 -4.32 ANAPC10, HHIP
4 64550000 | 64570000 1 20 -4.20 DLC1
4 75820000 | 75840000 1 20 -4.33 NCAPG, LCORL
5 11710000 | 11730000 1 20 -4.08
5 22750000 | 22790000 3 40 -4.53 £ 0.16
5 41000000 | 41020000 1 20 -4.82 TSHR
6 11800 11820000 1 20 -4.23
7 11820000 | 11840000 1 20 -4.57 BMPR2
7 19830000 | 19850000 1 20 -4.19 SCN2A
7 20930000 | 20960000 2 30 -4.51 £ 0.52 KCNH7
7 20980 21000000 1 20 -4.15 KCNH7
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Table S5.5.12. Candidate selective sweep regions detected in Ecotype 12 using the Hp method.
(Chr: chromosome. # win: number of analyzed windows within the region. Fragment (kb):
fragment size for the sweep regions in kilobase pair. uZHp + s.d.: mean and standard deviation
for ZHp for selected windows within a region. GENE: annotated gene(s) overlapping selected

region). * Red highlighted genes were found uniquely in this ecotype.

Fragment

Chr Start Stop #win (kb) uZHp % s.d. GENE*
1 135140000 | 135170000 2 30 -4.78 £ 0.38
1 180940000 | 180970000 2 30 -4.74 £ 0.91 RDX
1 58630000 | 58650000 1 20 -4.11 SYT10
2 119340000 | 119360000 1 20 -4.65 ZFHX4
2 147130000 147180 4 50 -5.03 £ 0.63 TSNARE1
2 31670000 | 31700000 2 30 -4.35 £ 0.04 OSBPL3
2 36820000 | 36850000 2 30 -4.26 + 0.34 UBE2E2
2 41460000 | 41490000 2 30 -4.79 £0.88 CAPN7
2 69300000 | 69330000 2 30 -4.32 £ 0.06 CDH6
2 88150000 | 88170000 1 20 -4.04 GABBR2
3 106170000 | 106190000 1 20 -4.07 HMBOX1
3 20100000 | 20120000 1 20 -4.35 ESRRG
3 50280 50300000 1 20 -4.09
3 51650000 | 51670000 1 20 -4.30 ZDHHC14
4 28660000 | 28690000 2 30 -4.24 £ 0.19
4 39150000 39180 2 30 -4.21 £ 0.01 TACR3
4 48240000 | 48260000 1 20 -4.16 ADGRL3
4 6980 7000000 1 20 -4.42
5 40990000 | 41040000 4 50 -4.67 + 0.68 TSHR, GTF2A1
5 41180 41200000 1 20 -4.09
6 11800 11820000 1 20 -4.39
6 9720000 9740000 1 20 -4.12 ANK3
7 13540000 | 13560000 1 20 -4.30 RAPH1
7 19820000 | 19850000 2 30 -4.11+0.14 SCN2A
7 24360000 24380 1 20 -4.03
7 32510000 | 32610000 9 100 -4.23 £ 0.08
8 1680 1700000 1 20 -4.30 STXBP3
ZBTB38, RASA2,
9 10330000 | 10460000 12 130 -4.71+05 RNF7. GRK7, ATP1B3
10 | 17670000 | 17690000 1 20 -4.01 ADAMTS17
12 4800 4830000 2 30 -4.19 £ 0.00 ATG7
12 8120000 8150000 2 30 -5.07 £ 0.46 CACNA2D3
12 8180 8200000 1 20 -4.55
14 4960000 4980 1 20 -4.15 USP22
BCO2, TEX12, IL18,
24 6150000 6180 2 30 -4.34+0.44 SDHD
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Table S5.6.1. Candidate selective sweep regions detected in Ecotype 1 using the iHS
method. (Chr: chromosome. # win: number of analyzed windows within the region.
Fragment (kb): fragment size for the sweep regions in kilobase pair. u(|iHS|) = s.d.: mean
and standard deviation for |iHS| for selected windows within a region. GENE: annotated
gene(s) overlapping selected region). * Red highlighted genes were found uniquely in this

eCOtype.

chr| start Stop | #win Fr?ﬂg‘)e”t u(fiHS|) + s.d. GENE*
1 | 112410000 | 112430000 | 1 20 263 EFHC2
1 [ 118590000 | 118620000 | 2 30 | 2.11%001
1 | 162440000 | 162460000 | 1 20 | 294
2 109290000 | 109310000 | 1 20 | 239
2109360000 | 109400000 | 3 20 290013
2 | 147290000 | 147320000 | 2 30 | 2.56+0.06 TSNAREL
2 | 55450000 | 55490000 | 3 20 | 2.76%0.20 SLC12A7
2 | 82790000 | 82810000 | 1 20 | 216
2 | 82850000 | 82940000 | 8 90 | 239%0.08
3| 106170000 | 106210000 | 3 20 | 2.85+021 HMBOX1
3| 106250000 | 106270000 | 1 20 | 277 KIF13B
3| 72070000 | 72140000 | 6 700 | 256 £ 0.19 gga-mir-12262
3 | 72300000 | 72370000 | 6 700 | 2.47£0.05
3 | 72380000 | 72540000 | 13 60 | 2.65%0.20 MMS22L, KLHL32
3 | 73170000 | 73220000 | 4 50 | 3.48+033 MANEA
3 | 73290000 | 73400000 | 8 110 | 282031
4 | 15460000 | 15500000 | 3 20 | 233003 TENM1

INTS10, HGSNAT,
4 | 34140000 | 34160000 | 1 20 |230 A
4 | 39410000 | 39430000 | 1 20 | 248
4 | 45640000 | 45660000 | 1 20 | 246 PKD2, SPP1
4 | 89960000 | 8999000 | 2 30 | 268%0.20 EXOC6B
5 | 31330000 | 31350000 | 1 20 | 246
5 | 31770000 | 31790000 | 1 20 | 269
5 | 34280000 | 34300000 | 1 20 | 256
7 | 29280000 | 29310000 | 2 30 | 211002 DPP10
7 | 32470000 | 3249000 | 1 20 | 241
7 | 32730000 | 32750000 | 1 20 |327 ARHGAP15
8 | 24640000 | 24660000 | 1 20 | 236 ZFYVED
10 | 6260000 | 6290000 | 2 30 | 2.48%006 MPHOSPH10, APBA?
12 | 8520000 | 8540000 | 1 20 | 267 ERC2
14 | 4960000 | 4980000 | 1 20 | 2.77 USP22
15 | 3220000 | 3250000 | 2 30 | 259%0.07 STX?
15 | 3280000 | 3320000 | 3 20 | 251004 STX2
15 | 4180000 | 4210000 | 2 30 | 2.41+0.004 TMEM132C
15 | 4230000 | 4270000 | 3 20 | 262005 TMEM132C
19 | 9230000 | 9290000 | 3 60 | 2.66+0.07 NFL, WSBL
19 | 9320000 | 9370000 | 4 50 | 2.500.08 NOS2
SCNML, TMOD4, VPS72,

o5 | 250000 | 270000 | 1 20 |273 o
27 | 7930000 | 7960000 | 2 30 |259%0.05 VATL, RND2
28 | 4530000 | 4580000 | 3 50 | 3.05%0.15 RABBA, TPM4
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30

270000

320000

50

3.11+0.44

BCAP31, TAZ, WDR13,
WAS, TBC1D25

Table S5.6.2. Candidate selective sweep regions detected in Ecotype 2 using the iHS
method. (Chr: chromosome. # win: number of analyzed windows within the region.
Fragment (kb): fragment size for the sweep regions in kilobase pair. u(|iHS|) = s.d.: mean
and standard deviation for |iHS| for selected windows within a region. GENE: annotated
gene(s) overlapping selected region). * Red highlighted genes were found uniquely in this

ecotype.

chr| start Stop | #win Fr?ﬂg‘)e”t u(fiHS|) + s.d. GENE*
1 | 102550000 | 102570000 | 1 20 | 208
1 | 104470000 | 104550000 | 7 80 | 230%0.03
1 | 104960000 | 10499000 | 2 30 | 2.64%0.06
1 | 111430000 | 111450000 | 1 20 | 237
1 | 11239000 | 112440000 | 3 50 | 2.49%0.11 EFHC2
1 [ 173180000 | 173220000 | 3 40 | 2.23%007 TRPC4
1 [ 173230000 | 173280000 | 4 50 | 2.29%0.06 TRPC4
1 | 17599000 | 176030000 | 3 40 | 224003 FRY
1 | 18919000 | 189220000 | 2 30 | 2.17+003 TYR
1 | 189240000 | 189300000 | 5 60 | 233+0.03 GRM5
1| 193460000 | 193500000 | 3 40 | 2.31%0.006 TENM4

PICKL, SOX10,
1 | 51030000 | 5109000 | 5 60 |271+0.17 POLR2F, C220rf23,
MICALL1, ANKRD54

1 | 61270000 | 61330000 | 5 60 | 226%001 CACNALC
1 | 62130000 | 62150000 | 1 20 | 216 AKRIE2
1 | 69960000 | 70000000 | 3 20 | 261001 PHF21B
1 | 71630000 | 71670000 | 3 40 | 2.20%0.05 LRP6
1 | 89850000 | 89910000 | 5 60 | 267+0.12 TMPRSS7
2 100610000 | 100660000 | 4 50 | 252+0.07 DLGAP1
2 108100000 | 108150000 | 4 50 | 243+0.06
2 109050000 | 109110000 | 5 60 | 235%0.10 SNTGL
2 [ 117740000 | 117770000 | 2 30 |2.42+0.16 RDH10
2 | 147150000 | 147170000 | 1 20 | 216 TSNAREL
2 | 14729000 | 147320000 | 2 30 | 2.18%0.007 TSNAREL
2 | 44530000 | 44550000 | 1 20 | 231 FBXL2
2 | 47250000 | 4729000 | 3 20 | 2.28+0.08
2 | 59740000 | 59850000 | 8 110 | 246+0.14
2 | 61000000 | 61060000 | 5 60 | 242+0.109
2 | 88520000 | 88540000 | 1 20 |2.20 CTNNALL
2 | 91470000 | 91530000 | 5 60 | 256%0.03 ZNF407
3 | 22380000 | 22400000 | 1 20 | 2.18 TRAF5, RCOR3
3 | 61410000 | 61450000 | 3 20 226003
3 | 77660000 | 77730000 | 6 70 | 231007 SNAP9L, PRSS35
5 | 12880000 | 12930000 | 4 50 | 227+0.07 PTPN5
5 | 27510000 | 27550000 | 3 40 | 234001
6 | 17670000 | 17700000 | 2 30 | 257004 GBF1
6 | 17710000 | 17760000 | 4 50 | 267+0.05 GBF1
7 | 25020000 | 25040000 | 1 20 | 227
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KLHL20, CENPL,

8 | 5930000 | 5960000 2 30 |240+005 s

10 | 10660000 | 10680000 | 1 20 | 2.20 FBNL

13 | 7240000 | 7260000 1 20 | 223

17 | 10380000 | 10570000 | 6 70 | 214+006 LMX1B, ZBTB43

17 | 469000 | 4740000 | 4 50 | 229+0.02

17 | 9130000 | 9210000 7 80 | 228+0.07 RABGéfééngzl’

17 | 9240000 | 9510000 2 20 | 238+012 STRBP, DENNDIA

17 | 9330000 | 9360000 2 30 | 2.560.00 U4

17 | 9450000 | 9470000 1 20 | 2.26

17 | 949000 | 9550000 5 60 | 233004 LHX2

10 | 329000 | 3310000 1 20 | 221 UBE2G1

PRUNEL CDC42SEL

MLLT11, GABPB2,
SEMAGC, SCNML,

25 | 220000 | 340000 11 120 | 2514007 TODY. VSTD
PIP5K1A, PSMD4,

ZNF687, PI4KB, RFX5

30 | 350000 | 380000 2 30 229004 MECP2

31 | 930000 | 950000 1 20 | 218

33 | 3810000 | 3830000 1 20 | 242 DCTNZ

33 | 4120000 | 4140000 1 20 | 2.80
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Table S5.63. Candidate selective sweep regions detected in Ecotype 3 using the iHS
method. (Chr: chromosome. # win: number of analyzed windows within the region.
Fragment (kb): fragment size for the sweep regions in kilobase pair. u(JiHS|) = s.d.: mean
and standard deviation for |iHS| for selected windows within a region. GENE: annotated
gene(s) overlapping selected region). * Red highlighted genes were found uniquely in this

ecotype.
Chr | Start Stop | #win F”’Eag‘)e”t u(iHS|) + s.d. GENE*
1 | 1310000 | 1340000 | 2 30 | 218001 | IRF5, TNPO3, SMO
1 | 178260000 | 178280 | 1 20 |2.22 ATPBA?
1| 187530000 | 187550000 | 1 20 | 233 MTNR1B
1| 32700000 | 32730000 | 2 30 | 2.17+0.00
1 | 32810000 | 32830000 | 1 20 223 TAFAZ
1| 32850000 | 32870000 | 1 20 | 216 TAFA2
1| 32940000 | 32960000 | 1 20 |2.02
2 | 10929000 | 109310000 | 1 20 | 215
2 [ 109360000 | 109400000 | 3 20 | 248008
2 | 126220000 | 126240000 | 1 20 |2.09
2 | 147030000 | 14709000 | 5 60 | 2.24%003 TSNAREL
2| 147120000 | 147150000 | 2 30 | 2.09%0.00 TSNAREL
2 | 30320000 | 30350000 | 2 30 | 2.71+0.08
5 | 12910000 | 13020000 | 10 110 |2.33£0.10 PTPNS5, PTPRJ
5 | 1340000 | 1360000 | 1 20 | 241 LUZP?
5 | 13820000 | 13840000 | 1 20 236 CDs1
5 | 21740000 | 22800000 | 3 60 | 231022 MIR129-2
6 | 12910000 | 12960000 | 4 50 | 2.39+0.06
6 | 13030000 | 13050000 | 1 20 | 224 ZCCHC24
6 | 9980000 | 10000000 | 1 20 | 266 CHUK
8 | 69000 | 710000 | 1 20 | 250
9 | 17830000 | 1799000 | 15 160 | 2.41%0.09
10 | 17660000 | 17710000 | 4 50 | 2.31+0.03 ADAMTS1?
11 | 18320000 | 18340000 | 1 20 | 262 ZNF469
12 | 1319000 | 13220000 | 2 30 | 231005 PTPRG
NATD1, TMEMLL,
14 | 4920000 | 4980 5 60 |221x008 | o N
USP22,
14 | 5030000 | 5060000 | 2 30 | 250+0.05 .
RAMP2, VPS25,
CNTD1, BECNL,
PSME3, G6PC,
27 | 7850000 | 7960000 | 9 110 |228+013 AARSDL,
PTGES3L,
RUNDCL, RPL27,
IF135, VAT1, RND?
30 | 1680000 | 1710000 | 2 30 |2.19%0.00
BCAP3L, TAZ,
30 | 260000 | 300000 | 3 40 | 2214002 WDR13, WAS,
TBC1D25
33 | 4110000 | 4140000 | 2 30 | 2290007 MARS
33 | 6110000 | 6130000 | 1 20 | 226
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Table S5.6.4. Candidate selective sweep regions detected in Ecotype 4 using the iHS
method. (Chr: chromosome. # win: number of analyzed windows within the region.
Fragment (kb): fragment size for the sweep regions in kilobase pair. (|iIHS|) £ s.d.: mean
and standard deviation for |iHS]| for selected windows within a region. GENE: annotated
gene(s) overlapping selected region). * Red highlighted genes were found uniquely in this

ecotype.
chr| start Stop | #win Fr?ﬁge”t u(fiHS|) + s.d. GENE*
1 | 163750000 | 163780 | 2 30 | 207001 DIAPH3
1 | 163820000 | 163840000 | 1 20 | 208 DIAPH3
1| 189240000 | 189320000 | 7 80 | 227+0.08 GRM5
1 | 58820000 | 58840000 | 1 20 |2.10 PKP2
2 | 31710000 | 31730000 | 1 20 | 208 OSBPL3
2 | 60460000 | 6049000 | 2 30 |2.10%0.00 KIF13A
3 | 12470000 | 12530000 | 5 60 | 2.16+0.03 CDC42BPA
3| 41410000 | 41560000 | 12 150 | 2.30£0.08 THBS?
4 | 39180000 | 39220000 | 3 20 | 213001 TACR3
4 | 39830000 | 39850000 | 1 20 | 225 CDKN2AIP
4 | 39860000 | 39910000 | 3 50 | 2.43%0.02 WWC2
4 | 73720000 | 73740000 | 1 20 | 213 DHX15
5 | 38240000 | 38270000 | 2 30 | 2.24%0.00 FCFL, YLPM1
5 | 55480000 | 55510000 | 2 30 | 218001 ACTRI0
7 | 21460000 | 21480000 | 1 20 | 214 TANK
7 | 29240000 | 29310000 | 6 70 | 259010 DPP10
9 | 11660000 | 11680000 | 1 20 | 228 PLOD?2
9 | 14330000 | 14370000 | 3 20 | 233007
9 | 1430000 | 14410000 | 1 20 | 225
9 | 14450000 | 14480000 | 2 30 | 2.074%003
13 | 17320000 | 17340000 | 2 20 | 2.10+0.00 FNIPL
15 | 12530000 | 12560000 | 2 30 |2.29+0.08
15 | 7000000 | 7030000 | 2 30 | 218002 MYO1H
20 | 1140000 | 1220000 | 7 80 | 2.15%0.01 ERGIC3, CEP250
26 | 9000 130000 | 3 40 | 212004 | CLPS, LHFPL5, SRPK1
26 | 150000 | 170000 | 2 20 | 2.17+003 MAPK14, MAPK13
MICALL, SMPD2,
26 | 30000 50000 1 20 |214 o
26 | 60000 | 110000 | 4 50 | 214002 | TEAD3, TULPL, FKBP5
BCAP3L, TAZ, WDR13,
30 | 270000 | 300000 | 2 30 |232+001 Was. TRCIDoE
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Table S5.6.5. Candidate selective sweep regions detected in Ecotype 5 using the iHS
method. (Chr: chromosome. # win: number of analyzed windows within the region.
Fragment (kb): fragment size for the sweep regions in kilobase pair. u(|iHS|) = s.d.: mean
and standard deviation for |iHS| for selected windows within a region. GENE: annotated
gene(s) overlapping selected region). * Red highlighted genes were found uniquely in this

ecotype.

chr| start Stop | #win Fr?ﬂg‘)e”t u(fiHS|) + s.d. GENE*
1 | 120930000 | 120960000 | 2 30 | 2.22+000
1 | 1449000 | 14510000 | 1 20 | 2.16
1 | 14640000 | 14700000 | 4 60 | 248+0.10 PRKAEéBéSHBPL
1 | 196050000 | 196080000 | 2 30 234001 PPMEL
1 | 3090000 | 30930000 | 2 30 | 254003 ARID?
1 | 32040000 | 32160000 | 10 120 | 2.42+008
1 | 32810000 | 3289000 | 6 80 2192001 TAFAZ
1 | 32940000 | 32970000 | 2 30 223001
1 | 33660000 | 3369000 | 2 30 | 2.51+0.06 SRGAPL
1 | 440000 | 500000 5 60 | 274014
1 | 58810000 | 58840000 | 2 30 218001 PKP2
1 | 61310000 | 61330000 | 1 20 | 2.39 CACNALC
2 | 123110000 | 123130000 | 1 20 |2.19 CNGB3
2 | 124730000 | 124760000 | 2 30 232003 SLC26A7
2 | 128260000 | 12829000 | 2 30 | 2.37+0.09 FBX043
2 | 129230000 | 129250000 | 1 20 | 218 BAALC
2 | 137440000 | 137460000 | 1 20 | 2.20
2 | 13790000 | 137940000 | 3 40 | 2.68£007 DERLL, TBC1D31
2 | 143700000 | 143730000 | 2 30 2402011

TRAPPCY. CHRACL,

2 | 14549000 | 145670000 | 17 180 |2sex0207 | (MEEEL TR
2 | 14690000 | 146950000 | 4 50 242004 TSNAREL
2 | 147010000 | 147060000 | 3 50 | 2.72£002 TSNAREL
2 | 147110000 | 147140000 | 2 30 | 2.74 40,01 TSNAREL
2 | 147150000 | 147170000 | 1 20 | 2.20 TSNAREL
2 | 147370000 | 147410000 | 3 40 [ 227£002 TSNAREL
2 | 149240000 | 149260000 | 1 20 | 234
2 | 55450000 | 55530000 | 7 80 | 264011 SLC12A7
2 | 5569000 | 55820000 | 10 130 | 250%022 SLCOA3, LRRC14B
3 | 1249000 | 12510000 | 2 20 | 2.27+005 CDC42BPA
4 | 23180000 | 23230000 | 4 50  |2.34+0101
4 | 27500000 | 27620000 | 6 120 |221£002
4 | 27770000 | 27810000 | 3 20 | 242:002
4 | 27840000 | 27880000 | 3 40 | 2.46+0.06
4 | 27910000 | 27940000 | 2 30 238005
4 | 28070000 | 28100000 | 2 30 | 2.25+003
4 | 28200000 | 2829000 | 8 90 | 2.41+004
4 | 28460000 | 28550000 | 8 90 230005
4 | 90360000 | 90380000 | 2 20 | 2.38+0.009
5 | 28310000 | 28360000 | 4 50 | 242+0.08 EXD2, DCAF5
5 | 2839000 | 28420000 | 2 30 2300103 DCAF5
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5 28470000 | 35540000 6 70 2.21+0.06 ACTN1, NPAS3
6 10250000 | 10270000 1 20 2.34 PTEN
6 11660000 | 11700000 3 40 2.29+0.03
6 11810000 | 11830000 1 20 2.34
MTTPL, SGPL1,

6 1229000 12330000 3 40 2.27+0.03 PCBD1
6 12360000 | 12430000 6 70 2.50 £0.07
6 12520000 | 12540000 1 20 2.20 CDH23
6 9980000 10000000 1 20 2.21 CHUK
7 11820000 | 11860000 3 40 2.35+0.04 BMPR2
7 36600000 | 36620000 1 20 2.45 BAZ2B
8 15600000 | 15620000 1 20 2.22 PKN2
8 670000 730000 5 60 2.29 +0.09
9 23980000 | 24010000 2 30 2.19+0.01 WWTR1, TM4SF4
10 6040000 6060000 1 20 2.27 KLF13
10 6310000 6340000 2 30 2.36 + 0.06 MPHOSPH10, APBA2
11 | 16300000 | 16320000 2 20 2.26 + 0.06 CDH13
12 239000 2410000 1 20 2.24 DOCK3
15 329000 3310000 1 20 2.26 STX2
15 4120000 4260000 9 140 245+0.12 TMEM132C
15 4380000 4430000 3 50 2.32+0.31
18 3120000 3160000 3 40 2.69+0.11 B3GNTL1
19 5830000 5850000 1 20 2.38 FOXN1
20 1100000 1120000 1 20 2.21 CPNE1
20 2260000 2280000 1 20 2.62 SNTA1
21 5160000 5180000 1 20 245 PRDM2
24 120000 140000 1 20 241 VPS11, SIK2
26 130000 180000 4 50 2.64 +£0.03 SLC26A8, MAPK14
26 70000 100000 2 30 2.45+0.03 TULP1, FKBPS
33 3170000 319000 1 20 2.16 SCNBA

ACVRL1, ACVR1B,
33 3270000 329000 2 20 2.26 £0.02 GRASP

NR4Al, ATG101,

33 3310000 3350000 3 40 2.35+0.08 FMNL3, TMBIMS6
33 6110000 6130000 1 20 2.84
33 6310000 6340000 2 30 2.53 +0.09 SIPAl
33 6640000 6670000 2 30 2.73+0.16 BANF1
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Table S5.6.6. Candidate selective sweep regions detected in Ecotype 6 using the iHS
method. (Chr: chromosome. # win: number of analyzed windows within the region.
Fragment (kb): fragment size for the sweep regions in kilobase pair. u(JiHS|) = s.d.: mean
and standard deviation for |iHS| for selected windows within a region. GENE: annotated
gene(s) overlapping selected region). * Red highlighted genes were found uniquely in this

ecotype.
chr| start Stop | #win Fr?ﬂg‘)e”t u(fiHS|) + s.d. GENE*
1 | 11779000 | 117830000 | 3 40 | 2.38+0.14 ILIRAPLL
1 | 149930000 | 149950000 | 1 20 | 216
2 | 11949000 | 119510000 | 1 20 | 264 PEX2
2 | 65550000 | 65570000 | 1 20 | 268 RPP40
TARBPL, COAG,
3 | 38540000 | 38570000 | 2 30 |305+0.12 L0
3 | 38980000 | 3900000 | 1 20 | 245 PCNX2, UL
3 | 85880000 | 8590000 | 1 20 | 221
4 | 2849000 | 28520000 | 2 30 | 219%0.08
4 | 28530000 | 28550000 | 1 20 |22
4 | 30870000 | 3089000 | 1 20 | 248 ANAPC10, HHIP
4 | 40940000 | 40960000 | 1 20 | 233
4 | 41000000 | 41020000 | 1 20 | 238
4 | 41050000 | 4109000 | 3 20 222009
4 | 41470000 | 4149000 | 1 20 | 251
5 | 390000 | 3920000 | 1 20 | 245 LGR4
5 | 3970000 | 399000 1 20 | 242 BDNF
5 | 4120000 | 4180000 | 5 60 | 234%023 KIF18A, METTL15P1
6 | 36170000 | 3619000 | 1 20 | 230 INPP5A
OPNVA, TCTNG,
6 | 36240000 | 36300000 | 4 60 | 227+006 Rl
7 | 32730000 | 3279000 | 5 60 | 296+0.24 ARHGAP15
20 | 8240000 | 8260000 | 1 20 | 267 NTSRL
TCEB3, PITHDL,
23 | 5730000 | 5750000 | 1 20 |212 LYPLA2, GALE,
HMGCL
26 | 60000 80000 1 20 | 216 TEADS, TULPL, FKBP5
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Table S5.6.7. Candidate selective sweep regions detected in Ecotype 7 using the iHS
method. (Chr: chromosome. # win: number of analyzed windows within the region.
Fragment (kb): fragment size for the sweep regions in kilobase pair. u(|iHS|) = s.d.: mean
and standard deviation for |iHS| for selected windows within a region. GENE: annotated
gene(s) overlapping selected region). * Red highlighted genes were found uniquely in this

eCOtype.

chr| start Stop | #win Fr?ﬂg‘)e”t u(fiHS|) + s.d. GENE*
1 | 10890000 | 109030000 | 10 130 | 212%005 ERG
1 | 109100000 | 109120000 | 1 20 | 213
1 | 109680000 | 109820000 | 11 140 | 210+004 DSCAM
1 | 139070000 | 13909000 | 1 20 | 204 MCF2L
1 | 146760000 | 146780000 | 3 20 219005 MBNL2
1 | 189200000 | 189340000 | 10 140 | 215+0.04 TYR, GRM5
1 | 197480000 | 197600000 | 11 120 | 2.37+0.09 TPPL, E%?\h”;'zr'moo'
1 | 23040000 | 2309000 | 4 50 | 2.23:003 PTPRZ1
1 | 23140000 | 23170000 | 2 30 | 2.24+0.000 PTPRZL
1 | 450000 | 510000 5 60 | 2.65%0.09
2 | 108110000 | 108140000 | 2 30 |2.06+0.00
2 | 124510000 | 124540000 | 2 30 242015 TMEM64
2 | 20270000 | 20330000 | 5 60 | 230005 MINDY3
2 | 20740000 | 20760000 | 1 20 | 217 ABCBL1
2 | 41470000 | 4149000 | 1 20 | 2.40
2 | 43530000 | 43550000 | 1 20 | 213
4 | 15440000 | 15500000 | 5 60 | 217002 TENML
4 | 75560000 | 7559000 | 2 30 218003
4 | 75670000 | 75710000 | 3 40 | 211006
4 | 75830000 | 75850000 | 1 20 | 2.05 NCAPG, LCORL
4 | 75870000 | 7589000 | 1 20 | 2.05 NCAPG
5 | 11710000 | 11760000 | 4 50 | 242009
5 | 11770000 | 11860000 | 8 90 248009 | C5H110rf58, PLEKHAY
5 | 35230000 | 35250000 | 1 20 | 218 AKAPG
5 | 35470000 | 35670000 | 19 200 | 2.45%007 NPAS3
7 | 31500000 | 31550000 | 4 50 | 231008
7 | 34320000 | 34340000 | 1 20 | 2.26
8 | 22850000 | 22930000 | 7 80 2202002
8 | 24770000 | 24800000 | 2 30 214003 TUT4, GPX7
9 | 14350000 | 14370000 | 1 20 | 2.11
9 | 14430000 | 14470000 | 3 40 | 215001
10 | 17620000 | 17710000 | 7 90 | 2.36008 ADAMTS17
10 | 18140000 | 18170000 | 2 30 |222+001 ANKD%{@XSPGZL
12 | 20230000 | 20270000 | 2 40 | 2.10£0045 FGD5
17 | 7460000 | 7480000 | 1 20 | 217 BRD3
17 | 819000 | 8210000 | 1 20 | 2.20 SNAPC4, CARDO
18 | 369000 | 3730000 | 3 40 | 2.34+006 CD7
18 | 3750000 | 3780000 | 2 30 | 234+002 SEPTING
20 | 1180000 | 1210000 | 2 30 232003 ERGIC3
21 | 3340000 | 3370000 | 2 30 2382002 SPSB1
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23

5070000

5100000

30

2.34+£0.13

NFYC, gga-mir-30e,
gga-mir-30c-1, KCNQ4

26

9000

320000

20

230

2.55+0.22

CLPS, LHFPLS5,
SRPK1, SLC26A8,
MAPK14, MAPK13,
BRPF3, TBC1D22B,
PIM1, CACNALS,
KIF21B

26

20000

40000

[

20

2.61

MICAL1

26

60000

110000

50

2.82+0.01

TEAD3, TULP1, FKBP5

Table S5.6.8. Candidate selective sweep regions detected in Ecotype 8 using the iHS
method. (Chr: chromosome. # win: number of analyzed windows within the region.
Fragment (kb): fragment size for the sweep regions in kilobase pair. u(JiHS|) = s.d.: mean
and standard deviation for |iHS| for selected windows within a region. GENE: annotated
gene(s) overlapping selected region). * Red highlighted genes were found uniquely in this

ecotype.

Chr| start Stop | #win Fr?ﬂg‘)e”t u(liHS|) + s.d. GENE*
1 | 110120000 | 110150000 | 3 30 | 228%0.108
1 | 11019000 | 110220000 | 2 30 | 2.04+0.002 BACE2
1 | 110240000 | 110260000 | 1 20 | 216 MX1
1 | 112350000 | 112400000 | 4 50 | 220%0.03 FUNDCL, EFHC2
1 | 112420000 | 112520000 | 6 100 | 2.230.08 EFHC2, U6, NDP
1 | 120910000 | 121970000 | 5 60 | 22140101 CDKL5
1 | 128340000 | 128360000 | 2 20 |234%001 NLGNAY
1 | 57260000 | 57280000 | 1 20 | 221 AGK
1 | 58810000 | 58860000 | 4 50 | 221005 PKP2
1 | 65400000 | 65420000 | 1 20 | 221 BCATL
2 | 138240000 | 13829000 | 4 50 | 2.15+004 FERLLG
2 | 13909000 | 139140000 | 4 50 | 269%0.05
2 | 145400000 | 14549000 | 8 90 | 242%0.05 TRAPPCY
2 | 43530000 | 43560000 | 2 30 | 233+0.104
2 | 8360000 | 8380000 | 1 20 | 217
5 | 11710000 | 11730000 | 1 20 | 236
5 | 1290000 | 12960000 | 5 60 | 228%004 PTPNS
5 | 16940000 | 16960000 | 1 20 | 231 FADS?
5 | 27510000 | 27550000 | 3 20 | 234003 MAP3K9
5 | 28460000 | 28530000 | 6 70 | 2.46+0.101 ACTNL, SRSF5A
5 | 31220000 | 31280000 | 5 60 | 226+0.08
5 | 38240000 | 38270000 | 2 30 | 240%0.01 FCFL, YLPML
5 | 39580000 | 39610000 | 2 30 |213+0.04 SNW1, ADCK1
6 | 16180000 | 16200000 | 2 20 | 2.22+0.001 ADK
6 | 21550000 | 21610000 | 5 60 | 215%0.02 EXOC6
6 | 7340000 | 7380000 | 3 40 | 213+0.02 DNAJCL2, CTNNA3
6 | 9980000 | 10000000 | 1 20 | 244 CHUK
8 | 2110000 | 2180000 | 6 70 |222%0.09
8 | 23580000 | 23630000 | 4 50 | 240%0.06 BENDS
8 | 23660000 | 23680000 | 1 20 | 213 BENDS
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8 2369000 23720000 2 30 2.34 +£0.005 BENDS

8 309000 3150000 5 60 2.38 £ 0.06 KCNT2

8 3260000 3340000 7 80 2.40 £ 0.06

11 16980 17000000 1 20 241 HNF4beta

12 | 11780000 | 11800000 1 20 2.13 SETD5

12 7710000 7750000 3 40 2.43 +£0.09 CACNA2D3

12 7760000 7840000 7 80 2.34+0.12 CACNA2D3

12 7850000 7870000 1 20 2.23 CACNA2D3

12 7880000 7910000 2 30 2.31+0.02 CACNA2D3

12 8520000 8540000 1 20 2.16 ERC2

15 | 10380000 | 10400000 1 20 2.67 SCARF2

15 | 10730000 | 10760000 2 30 2.17+0.02

15 8550000 8570000 1 20 243 CRKL

17 8260000 829000 2 30 2.22+0.01 GPSM1

19 1770000 1840000 6 70 2.32+0.04 AUTS2

19 2510000 259000 7 80 241 +0.07

19 9220000 9350000 8 130 2.19+0.13 NF1, WSB1, NOS2

20 350000 470000 10 120 2.24 +0.07 DLGAP4

21 3340000 3370000 2 30 2.30+0.04 SPSB1
SRM, EXOSC10,

21 4110000 4200000 8 90 2.34+0.06 MTOR, ANGPTL?

21 4350000 4370000 1 20 2.36 FBX042

21 4720000 4740000 1 20 2.46 CAPZB

21 4800000 4820000 1 20 2.24 TMCO4

33 4120000 4140000 1 20 2.62 MARS

33 5660000 569000 2 30 2.16 +0.03 DIP2B

33 5740000 5760000 1 20 214 LIMA1, CERS5

Table S5.6.9. Candidate selective sweep regions detected in Ecotype 9 using the iHS
method. (Chr: chromosome. # win: number of analyzed windows within the region.
Fragment (kb): fragment size for the sweep regions in kilobase pair. u(|iHS|) = s.d.: mean
and standard deviation for |[iHS| for selected windows within a region. GENE: annotated
gene(s) overlapping selected region). * Red highlighted genes were found uniquely in this

eCOtype.

Chr | Start Stop | #win Fr"’zg?)e”t u(liHS|) + s.d. GENE*
1 | 139040000 | 139100000 | 5 60 | 252+0.1003 MCF2L
1| 25650000 | 25700000 | 4 50 | 2.20%0.01
1 | 6590000 | 65950000 | 4 50 | 249+0.03 SOX5
1| 66450000 | 66480000 | 2 30 | 2.323+0.03 ETNK1
1| 69740000 | 69760000 | 1 20 223 PRR5
1 | 71880000 | 71920000 | 3 20 | 250005 DUSP16
1| 72010000 | 72030000 | 1 20 | 241
1 | 7369000 | 73720000 | 2 30 | 221%002 NDUFA9
1| 73730000 | 73750000 | 1 20 | 234
1| 73830000 | 73930000 | 9 100 | 2.35%0.41
1 | 73960000 | 7399000 | 2 30 | 245+001 KCNAS
1| 74010000 | 74030000 | 1 20 | 265
1| 74110000 | 74140000 | 2 30 | 2720002
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1 | 7419000 | 74210000 | 1 20 | 257

1| 74220000 | 74300000 | 7 80 | 2.60%0.03 NTF3

1| 74330000 | 7469000 | 34 360 | 258012 ANO2, VWF

1 | 74700000 | 74800000 | 8 100 | 2.69%0.03 CDY

1 | 74860000 | 74930000 | 6 70 | 2.77%005 PRMTS

1 | 75030000 | 75050000 | 21 20 | 2.70+0.16 TSPANO
TEAD4, TULP3,

1 | 75200000 | 75360000 | 14 160 | 2.67+0.07 RHNOL. FOXMIL

1 | 75400000 | 75430000 | 2 30 | 239%006 FKBP4

1 | 76440000 | 76470000 | 2 30 279006

1 | 77140000 | 77180000 | 3 40 289004

1 | 78330000 | 78350000 | 1 20 222 CLCNL CASP2

1 | 89870000 | 8989000 | 1 20 | 2.40 TMPRSS7

2 | 147080000 | 147150000 | 5 70 | 2242003 TSNAREL

2 | 41470000 | 4149000 | 1 20 | 285

2 | 4369000 | 43710000 | 1 20 222 TRAKL

2 | 44530000 | 44550000 | 1 20 | 2.56 FBXL2

2 | 5650000 | 5670000 | 1 20 | 2.40 SCN5A

2 | 76160000 | 76180000 | 1 20 | 235 ANKH

2 | 82030000 | 82070000 | 3 40 235003

2 | 82620000 | 82700000 | 5 80 | 238008

2 | 8279000 | 82840000 | 4 50 | 247002

2 | 82850000 | 82940000 | 8 90 | 242003

3 | 5020000 | 5040000 | 1 20 | 251

4| 76280000 | 76310000 | 2 30 | 244%001 LDB2

4 | 81460000 | 81560000 | 8 100 |259+011

4 | 81600000 | 81620000 | 1 20 | 234

4 | 9029000 | 90320000 | 2 30 | 228%001

4 | 90360000 | 9039000 | 1 30 | 231

5 | 16710000 | 16810000 | 8 100 | 247£005 | PPP6R3, GAL TESMIN

5 | 2529000 | 25310000 | 1 20 232 MAPKBPL

5 | 35400000 | 35450000 | 4 50 | 2.29+003 NPAS3

5 | 35460000 | 35550000 | 8 90 242007 NPAS3

5 | 4119000 | 41220000 | 2 30 | 225+004

5 | 48700000 | 48820000 | 11 120 |280+014 | V% SLCV:VZS’Q% WARS,

5 | 48850000 | 48870000 | 1 20 | 269 WDR25

5 | 4879000 | 48820000 | 2 30 | 2.86+0.009

5 | 48850000 | 48880000 | 2 30 |2.65+005 BEGAIN

5 | 4889000 | 48920000 | 2 30 | 2.69+001 BEGAIN

5 | 4909000 | 49110000 | 1 20 | 267

5 | 49140000 | 49170000 | 2 30 | 2.69%0.01 DLK1

5 | 4919000 | 49210000 | 1 20 | 2.65

5 | 49310000 | 49350000 | 3 40 | 254+006

5 | 49360000 | 49550000 | 18 100 | 260+012 PPP2R5C

6 | 2730000 | 2760000 | 2 30 | 257£007

6 | 279000 | 2860000 | 6 70 | 2.45%0.02

9 | 11640000 | 1169000 | 4 50 | 2.44£0.05 PLOD2

9 | 12520000 | 12560000 | 3 40 229001 AGTRL

9 | 14360000 | 14380000 | 1 20 | 2.75

9 | 14400000 | 14470000 | 7 70 253007

9 | 14500000 | 14520000 | 1 20 233 LPP

9 | 1639000 | 16460000 | 6 70 242001 MCF2L2, B3GNT5
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12 | 20110000 | 20130000 | 1 20 219 TRH. RBSN
12 | 2019000 | 20260000 | 6 70 [ 2.27+001 FGD5
12 | 239000 | 2410000 | 1 20 |2.26 DOCK3
16 | 169000 | 1710000 | 1 20 277
10 | 9240000 | 9260000 | 1 20 | 2.27 WSB1
23 | 4350000 | 4400000 | 4 50 |312+022 | ACGOL AGO4, CLSPN,
Clorf216
SETDBL, CERSY,
MINDY1, PRUNEL,
25 | 210000 | 250000 3 0 |220x0014 | ploce PENEL
GABPB2, SEMAGC
CGN, gga-mir-6620,
TUFTL, SNX27, CELF3,
25 | 39000 | 460000 6 70 |2.64+009 MRPLY, FORKE
RORC
26 | 280000 | 310000 2 30 | 2.26£0045 CACNALS, KIF21B
27 | 2510000 | 2550000 | 3 40 | 2.29+0.002 gga-mir-6644-2
27 | 2700000 | 2730000 | 2 30 248011
RAMP2, VPS25,
CNTDL, BECNL,
PSME3, G6PC,
27 | 7850000 | 7930000 | 7 80 | 2.26+003 AARSDL PTOESSL
RUNDC1, RUNDCL.
IFI35
32 | 420000 | 450000 3 30 228001 SAEL
32 | 520000 | 540000 1 20 | 255 OPA3
33 | 4110000 | 4130000 | 1 20 | 2.68 MARS
33 | 6110000 | 6130000 | 1 20 | 2.28

Table S5.6.10. Candidate selective sweep regions detected in Ecotypel0O using the iHS
method. (Chr: chromosome. # win: number of analyzed windows within the region.
Fragment (kb): fragment size for the sweep regions in kilobase pair. u(|iHS|) = s.d.: mean
and standard deviation for |[iHS| for selected windows within a region. GENE: annotated
gene(s) overlapping selected region). * Red highlighted genes were found uniquely in this

ecotype.

Chr | Start Stop | #win Fr?ﬁg‘)e”t “(|':'§D * GENE*
1 | 12570000 | 1259000 | 1 20 | 257 PHTF2
1 | 132340000 | 132360000 | 1 20 | 241 GABRG3
1 | 132930000 | 132960000 | 1 30 | 2.49
1| 133680000 | 133700000 | 1 20 | 230 MGAT4A
1 | 133820000 | 133860000 | 3 40 | 251+011 LYG2, TXNDC9
1| 176710000 | 176730000 | 1 20 | 2.22 UBL3
1 | 98880000 | 9890000 | 2 20 | 2.02+0.00

CNOTL, SNORAGO0A,

11 | 1420000 | 1480000 | 5 60 | 214+004 SLC3AT GOT2
14 | 10330000 | 10350000 | 1 20 |24l USP7
2 | 78280000 | 78310000 | 2 30 | 2.16+0.006 38777
2 | 78320000 | 78340000 | 1 20 | 2.03
2 | 79230000 | 79250000 | 1 20 | 2.07 ADCY?2
3 | 51460000 | 51500000 | 3 40 | 2.35+0.008 ARID1B
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3 54930000 | 54970000 3 40 2.14 +£0.009 IL22RA2, IL20RA

3 61450000 | 61480000 2 30 2.06+0.01

3 61550000 | 61620000 6 70 2.18£0.05

4 359000 3610000 1 20 2.36 HS6ST2

4 3620000 3640000 1 20 2.36 HS6ST2

4 90360000 | 90380000 1 20 2.02

8 3260000 3330000 6 70 2.21+£0.01

9 16430000 1649000 5 60 2.10+0.01 MCF2L2, B3GNT5
KPNA4, gga-mir-1692,

9 2229000 22340000 4 40 2.57+0.13 SCARNA7, TRIM59,

SMC4

Table S5.6.11. Candidate selective sweep regions detected in Ecotypell using the iHS
method. (Chr: chromosome. # win: number of analyzed windows within the region.
Fragment (kb): fragment size for the sweep regions in kilobase pair. u(JiHS|) = s.d.: mean
and standard deviation for |iHS| for selected windows within a region. GENE: annotated
gene(s) overlapping selected region). * Red highlighted genes were found uniquely in this

ecotype.

Chr | Start Stop | #win Fr"’zﬂg‘)e”t u(liHS|) + s.d. GENE*
1 | 156650000 | 156680 2 30 | 319%001
1 | 15699000 | 157010000 | 1 20 | 3.08 KLF12
2 | 100970000 | 10099000 | 1 20 | 267 MYOML
2 | 101030000 | 101060000 | 2 30 | 2670004 EMILINZ
2 | 101100000 | 101160000 | 4 60 | 2.09+0.24 SMCHDL
2 | 101510000 | 101540000 | 2 30 | 293%006
2 | 101930000 | 101960000 | 2 30 | 365%0.18 YESL, CLUL1
2 | 102020000 | 102050000 | 2 30 | 273008 COLEC12
2 | 102650000 | 102670000 | 1 20 | 3.09 GATAG
2 | 102820000 | 102840000 | 1 20 | 2.79 RBBPS
2 | 102870000 | 10290000 | 2 30 | 324%008
2 | 104180000 | 104200000 | 1 20 297 TAF4B
2 | 104220000 | 104270000 | 2 50 | 3.22+046 TAF4B, KCTD1
2 | 104750000 | 104770000 | 1 20 | 267
2 | 109920000 | 109940000 | 1 20 | 3.03 RBICCL
2 | 109960000 | 109980000 | 1 20 | 267 RB1CC1
2 | 110230000 | 110280000 | 3 50 | 2.86+0.16 ATPBVIH
2 | 110310000 | 110330000 | 1 20 | 3.08 RGS20
2 | 110400000 | 110420000 | 1 20 | 2.78
2 | 111120000 | 111140000 | 1 20 | 2.69 LYN
2 | 112860000 | 112910000 | 2 50 | 279+0.16 RABZ’i’Sgga'm”‘
2 | 114700000 | 114720000 | 1 20 | 3.00
2 | 89080000 | 89100000 | 1 20 | 2.74 MSANTD3
2 | 89150000 | 89170000 | 1 20 | 2.65 TEX10, INVS
2 | 89220000 | 89250000 | 2 30 | 279+014 INVS
2 | 89360000 | 89380000 | 1 20 | 267 NR4A3
2 | 91320000 | 91360000 | 3 20 | 294013 TSHZ1
2 | 91720000 | 91750000 | 2 30 | 3.00%026 ZNF407
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2 | 9939000 | 99410000 | 1 20 | 314 PTPRM
4 | 51830000 | 51850000 | 1 20 | 2.75
4 | 5189000 | 51940000 | 4 50 | 2.91+0104
4 | 8229000 | 82330000 | 3 40 268001 ADDI
4 | 82430000 | 82460000 | 2 30 | 2.67£003 TNIP2
4 | 82800000 | 82830000 | 2 30 |3.22+0005 gga-mir-7467
4 | 82860000 | 8289000 2 30 | 2.76+006 MXD4, HAUS3
4 | 8319000 | 83210000 | 1 20 | 282 NELFA
4 | 83330000 | 83350000 | 1 20 | 2.65 LETM1
4 | 83600000 | 83630000 | 2 30 |2.90£004
4 | 8379000 | 83810000 | 1 20 | 269
4 | 83870000 | 8389000 1 20 |2.90 TACC3
4 | 83930000 | 83950000 | 1 20 | 294 SLBP
4| 83960000 | 8399000 2 30 |2.83£009 FAM53A
4 | 84250000 | 84270000 | 1 20 |2.76
4 | 84410000 | 84430000 | 1 20 271 NKX1-1
4 | 84630000 | 84650000 | 1 20 | 267 CTBPL
4 | 85100000 | 85150000 | 4 50 316012 FGFRLL
4 | 86040000 | 87050000 | 8 110 |3.12%025
RNF24, gga-mir-
4 | 88500000 | 88540000 | 3 40 | 2674002 Log.5 s
4 | 88720000 | 88770000 | 4 50 | 2.72+008 DDRG‘ii'G%ga'm”‘
4 | 88950000 | 883980000 | 2 30 | 2.96%009 SLC4AILL
4 | 89030000 | 89060000 | 2 30 | 2.67£001
4 | 89250000 | 89270000 | 1 20 | 267 ATRN
4 | 89310000 | 89330000 | 1 20 | 267 ATRN. GFRA4
4 | 89760000 | 89780000 | 1 20 | 283 SFXN5
4 | 89810000 | 89880000 | 6 70 326033 SFXN5, EMXL, SPR
4 | 9030000 | 9060000 2 30 | 307017 Exocigégga'm"‘
4 | 9080000 | 90110000 | 2 30 2752001 EXOC6B
5 | 30180000 | 30200000 | 1 20 | 2.70
5 | 30220000 | 30240000 | 1 20 | 264 KATNBLL
5 | 30830000 | 30870000 | 3 40 | 2.86£009 ARHGAP11B
5 | 30880000 | 30940000 | 4 60 | 2.91+024 RASGRPL, FAMO8B
5 | 30960000 | 31010000 | 4 50 31502 SPRED1
5 | 3199000 | 32020000 | 2 30 281012
5 | 32060000 | 32080000 | 1 20 | 2.68
5 | 32330000 | 32400000 | 1 20 | 2.64 ZNF770
5 | 36120000 | 36150000 | 2 30 2792017 EAPP, SNX32
5 | 36330000 | 36420000 | 8 90  [3.1802 PSMAG, NFKBIA
5 | 37360000 | 37380000 | 1 20 | 264 FOXAL
SEC23A. GEMINZ,
5 | 3779000 | 37850000 | 5 60 |3.05+024 TRAPDCGA P
5 | 3809000 | 38110000 | 1 20 270 VRTN. SYNDIGIL
5 | 38300000 | 38330000 | 2 30 | 3.01+009 DLST’PRGPEGKLL
5 | 38430000 | 38480000 | 4 50 |3.03009 FOS. JDP2
5 | 7180000 | 7200000 1 20 | 2.76 HIPK3
5 | 749000 | 7510000 1 20 | 2.68 SYT9
5 | 8260000 | 8280000 1 20 |2.60 MICALZ
8 | 5670000 | 5700000 2 30 284002 PBX1
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10 | 3380000 | 3420000 2 40 [271£007 HMG20A
10 | 3570000 | 3610000 2 40 | 299+02 TSPANS, PSTPIPL
PSTPIPL, RCN2,
10 | 3640000 | 369000 4 50 |2.90+011 Rt
SCAPER, ISL2,
10 | 3770000 | 3860000 7 90  |322+019 ETEA TMEMES
TMEM266, NRGA4,
10 | 3870000 | 3950000 6 80  |3.07+024 e
10 | 4020000 | 4040000 1 20 | 2.86
10 | 4050000 | 4070000 1 20 | 3.89 CHRNB4
10 | 409000 | 4110000 1 20 377 CHRNHAskT(SMA4’
10 | 4120000 | 4150000 2 30 | 281£022 IREB2, CRABP-|
WDR61, DNAJAZ,
10 | 4170000 | 4200000 2 30 |3.00+023 PRt
10 | 4260000 | 429000 2 30 278003
10 | 439000 | 4420000 2 30 |2.89009 HERCL
10 | 449000 | 4570000 6 80 30201 USP3. CAL2, RABSB
10 | 5300000 | 5330000 2 30 285201 RORA
10 | 5380000 | 5400000 1 20 |2.69 RORA
10 | 5410000 | 5430000 1 20 | 201 RORA
10 | 5470000 | 549000 1 20  |271 RORA
10 | 5810000 | 5840000 2 30 | 2712007 BNIP2
10 | 7170000 | 7210000 3 40 288017 FAMS1A, MYOLE
10 | 8080000 | 8120000 3 40 280007 MNSL, TEX9
10 | 8210000 | 829000 6 80 | 2.880.16 NEDDZ, PRTG
DYX1CL, CCPGL
10 | 8400000 | 8450000 2 50 | 3.15+0.19 PIGB, PIGBOSL,
RAB27A
10 | 8460000 | 849000 2 30 | 280%017 RAB27A RSL24D1
10 | 859000 | 869000 9 100000 | 3.12 +0.24
10 | 8730000 | 8880000 | 11 150  |293%02
10 | 9120000 | 9170000 4 50  [3.19+002 FAM214A
10 | 9180000 | 929000 9 110 |3.30£029 ARPP19, MYOBA
10 | 9320000 | 9360000 3 40 307017 GNB5, BCL2L10
10 | 9370000 | 939000 1 20 | 321 MAPKA
10 | 9480000 | 9500000 1 20 293 TMOD3, TMOD?
SCG3, AP4EL
10 | 9560000 | 9650000 6 90  |317+025 A
10 | 9680000 | 9700000 1 20 | 3.08 CYP19AL
10 | 9720000 | 9740000 1 20 | 2.75
10 | 9300000 | 9830000 2 30 [ 2.75£011
10 | 9380000 | 9940000 4 60  |3.05+031
10 | 9950000 | 9970000 1 20 |30l
10 | 10210000 | 1029000 7 80 |2.89009 SEMAGD
10 | 10320000 | 10350000 | 2 30 287032 SEMAGD
10 | 10540000 | 10560000 | 1 20 | 2.65 SLC12A1
10 | 10820000 | 10840000 | 1 20 | 294
C150rf48, gga-mir-
10 | 11110000 | 11130000 | 1 20 | 268 e
10 | 11500000 | 11530000 | 2 30 | 2854015 PDEgé\'Sgga'm'r'
10 | 11660000 | 11710000 | 3 50  |345+054 TMBSFL, HDGFL3

297




Supplementary Tables

10 | 11700000 | 11830000 | 9 130 |3.01+036 HDGFL3, BNC1
10 | 11840000 | 11920000 | 3 80 | 2.73£005 SH3GL3
10 | 12460000 | 1249000 2 30 | 276007
10 | 12510000 | 12550000 | 3 40 | 3.05+0.19 TMC3|'L51T$RD5’
10 | 12750000 | 1279000 3 0 | 293:011
10 | 12940000 | 13050000 | 7 110 | 349 %047
ZFANDS, BCL2AL
10 | 13070000 | 13100000 | 2 30 |311+001 e
10 | 13230000 | 13250000 | 1 20 | 289
KIF7, TICRR,
10 | 13270000 | 1339000 9 120 | 2.95+0.16 RHCG, gga-mir-9-3,
POLG
10 | 1349000 | 13510000 | 1 20 | 264 ACAN
ACAN, 15G20, gga-
10 | 13530000 | 13610000 | 5 80 |343+054 mir-1720, gga-mir-7-
2
10 | 13650000 | 13670000 | 1 20 | 3.40 NTRK3
10 | 13710000 | 13770000 | 5 60 | 335%025 NTRK3
10 | 13780000 | 13820000 | 3 40 | 339%043 NTRK3
10 | 13880000 | 1390000 1 20 |2.90
10 | 13920000 | 13970000 | 3 50 | 2.71£008
10 | 14060000 | 14080000 | 1 20 299 AGBLL
10 | 14250000 | 1429000 3 40 | 359%0.16 AGBL1
10 | 14340000 | 1439000 3 50 | 331%05
10 | 14400000 | 14480000 | 6 80 323017 KLHL25
10 | 14540000 | 14560000 | 1 20 | 283
14 | 2110000 | 2150000 3 40 287201 FAM20C
14 | 2630000 | 2650000 1 20 | 2.69 COX19, CYP2ACT
14 | 279000 | 2810000 1 20 | 2.79
14 | 2820000 | 2840000 1 20 | 3.50
14 | 3180000 | 3210000 3 30 | 2762011 MADILL
14 | 4530000 | 4560000 2 30 | 312+001 FBXL18
SREBF1, gga-mir-
14 | 5300000 | 5320000 1 20 | 275 s oo
14 | 6200000 | 6230000 1 30 | 267
14 | 6250000 | 6270000 1 20 | 2.80
BRICDS, PGP,
14 | 689000 | 6920000 2 30 | 296016 E4F1, ZDHHC4,
GRID2IP
14 | 7140000 | 7210000 3 70 | 282%015 CACNG3, RBBPG
17 | 5920000 | 5950000 2 30 | 2.88+008 NTMTL, ASB6
PTGES, TOR1B,
17 | 5980000 | 6010000 2 30 | 2.96+0.09 TORIA., C90rf78,
USP20
17 | 6020000 | 6040000 1 20 | 2.64 USP20, FNBP1
17 | 6150000 | 6200000 4 50 | 3.07+0.25 GPRl:;éi\'CSL
17 | 6340000 | 6360000 1 20 276 FIBCDL
17 | 6400000 | 6420000 1 20 | 2.76 NUP214
17 | 6620000 | 6660000 3 40 | 296%007 MED27
17 | 6720000 | 6750000 2 30 | 291%006 NTNG2
17 | 7030000 | 7060000 2 30 | 269%003 GFI1B
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17 7070000 7120000 4 50 3.07+0.12 CEL, GTF3C5
CACFD1, SLC2AG,

17 7220000 7260000 4 40 2.86 £0.12 TMEMSC,

ADAMTSL2

17 7340000 7360000 1 20 2.81 SARDH, VAV?2

17 7540000 7600000 3 60 2.78 + 0.06 RXRA

17 7630000 7660000 2 30 2.89 +£0.03 RXRA

17 7750000 7780000 2 30 2.95+0.03 COL5A1

17 7820000 7850000 2 30 2.79+0.11 COL5A1

17 7880000 7920000 3 40 2.77 +£0.05 OLFM1
DIPK1B, AGPAT?2,

17 8030000 8070000 3 40 2.78+£0.04 EGFL7, gga-mir-126

17 809000 8110000 1 20 2.95 NOTCH1

17 8560000 8580000 1 20 2.70 PSMD5, BSGNTL

20 4040000 4060000 1 20 2.96

20 4160000 4180000 1 20 2.67

20 4220000 4240000 1 20 2.73

27 6870000 689000 1 20 2.64 LASP1, FBXO47
THRA, ORMDLS3,

27 7100000 7130000 2 30 2.65+0.01 GSDMA, PSMD3,

CSF3

27 7450000 7470000 1 20 2.65 EIF1
SIRT6, CREB3L3,

28 2700000 2720000 1 20 2.68 MAP2K2

28 820000 840000 1 20 2.74 RANBP3

28 910000 930000 1 20 2.93 37316, RAB11B

Table S5.6.12. Candidate selective sweep regions detected in Ecotypel2 using the iHS
method. (Chr: chromosome. # win: number of analyzed windows within the region.
Fragment (kb): fragment size for the sweep regions in kilobase pair. u(|iHS|) = s.d.: mean
and standard deviation for |iHS| for selected windows within a region. GENE: annotated
gene(s) overlapping selected region). * Red highlighted genes were found uniquely in this

ecotype.

Chr| start Stop | #win Fr?ﬂg")e”t u(fiHS|) + s.d. GENE*
1 | 45640000 | 45660000 | 1 20 | 2.90 NTNA
1 | 87060000 | 87080000 | 1 20 | 258
2 | 102650000 | 102670000 | 1 20 | 285 GATAG
2 | 107670000 | 10769000 | 1 20 | 252
2 | 137860000 | 13789000 | 2 30 |276+015 ZHX2
2 | 55320000 | 55340000 | 1 20 |3.06
2 | 78220000 | 78240000 | 1 20 279 ANKRD33B
2 | 78980000 | 7900000 | 1 20 | 259
2 | 79300000 | 79320000 | 1 20 252 ADCY2
2 | 97200000 | 97220000 | 1 20 | 267 PRELID3A, AFG3L2
2 | 98860000 | 9889000 | 2 30 | 2.83+0007 RAB12
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CNRIP1, PLEK,
3 11920000 | 11970000 4 50 2.86 £0.18 FBXO48, APLF
3 12040000 | 12060000 1 20 2.59
3 12180000 | 12240000 5 60 2.68+0.1 PCSK2
3 16640000 | 16670000 2 30 2.55+0.05 SRSF7, MORN2
3 16870000 1690000 2 30 2.69 +0.06 GPCPD1
3 31560000 | 31620000 5 60 2.72+0.36 TTC27, BIRC6
3 3219000 32260000 4 70 2.60+0.13 STRN, VIT
3 3379000 33950000 6 160 2.61+0.11 MEMO1, AHCTF1
3 72080000 | 72140000 4 60 2.17+0.03
4 15440000 | 15530000 8 90 2.40 +£0.05 TENM1
4 15440000 | 15460000 1 20 2.45
4 39150000 | 39180000 2 30 2.04 +0.02 TACRS3
4 81460000 | 81510000 2 50 2.17+0.02
4 81600000 | 81620000 1 20 2.26
5 19460000 | 19620000 15 160 2.99 +0.46 LDLRAD3
5 59000 610000 1 20 2.78
6 28530000 | 28600000 6 70 2.20+0.02 NHLRC2
7 30940000 | 30970000 2 30 2.38 £0.03 THSD7B
7 31130000 | 31150000 1 20 291 THSD7B
7 33250000 | 33280000 2 30 3.21 +0.02 GTDC1
7 33380000 | 33400000 1 20 2.87 ZEB2
7 34920000 | 34950000 2 30 3.04+0.28 MMADHC
7 34960000 | 34980000 1 20 2.87
8 619000 6220000 2 30 2.45+0.15 STX10, XPR1
ACBD6, LHX4,
8 6340000 6370000 2 30 3.10 £ 0.008 QSOX1
8 6450000 6500000 4 50 2.57+£0.05 TOR1AIP2, FAM163A
9 21700000 | 21720000 1 20 241
11 | 10130000 | 10150000 1 20 2.55 GPATCH1
11 | 10310000 | 10350000 3 40 2.70+£0.121 CEBPG, PEPD
11 9260000 9280000 1 20 2.87 TSHZ3
15 269000 2710000 1 20 2.14 GALNT9
19 140000 170000 2 30 2.25+0.03 DDX25
USP48, RAP1GAP,
21 6570000 6680000 3 110 2.37+0.08 EIE4G3
21 6760000 6780000 1 20 2.54 DDOST
22 169000 1770000 6 80 2.68 £ 0.07 XPO7, DOK2, GFRA2

300




Supplementary Tables

Table S5.7. Candidate selection signature regions (SRs) from ecotype analyses overlapping with extreme population groups analyses (chapter 4).

SR_ID_ecotype (Sllf; drit:tcr;[c')%n S(?;(:;E)ZOSI SR chapter 4 en;)/;rrc;r:nngigsal Overlapping genes
chr1:65400000 65420000 20 iHS E8 chr1:65410000 65430000 Landuse BCAT1
chr1:110240000 110260000 | 20 iHS E8 chr1:110220000 110270000 | Landuse MX1
chr1:112390000 112440000 |50 iZ|_I|—ISp and E2 chr1:112400000 112430000 | Landuse EFHC2
chr1:112400000 112430000 | 30 ZHp E4, E10 | chr1:112400000 112430000 | Landuse EFHC2
chr1:112400000 112440000 | 40 ZHp E8 chr1:112400000 112430000 | Landuse EFHC2
chr1:112410000 112430000 | 20 iHS El chr1:112400000 112430000 | Landuse EFHC2
chr1:112420000 112520000 | 100 | iHS E8 chr1:112400000 112430000 | Landuse EFHC2, U6, NDP
chr1:112420000 112520000 | 100 | iHS E8 chr1:112490000 112520000 | Landuse EFHC2, U6, NDP
chr1:128340000 128360000 | 20 iHS E8 chr1:128350000 128470000 | Landuse
chr1:128460000 128510000 | 40 ZHp E5, E12 | chr1:128350000 128470000 | Landuse
chr1:128460000 128520000 | 60 ZHp E4 chr1:128350000 128470000 | Landuse
chr1:128460000 128540000 | 80 ZHp E10 chr1:128350000 128470000 | Landuse
chr1:128460000 128520000 | 60 ZHp E4 chr1:128510000 128560000 | Landuse
chr1:128460000 128540000 | 80 ZHp E10 chr1:128510000 128560000 | Landuse
chr1:128530000 128810000 | 280 | iHS E5 chr1:128510000 128560000 | Landuse
chr2:82260000 82310000 50 ZHp E9 chr2:82270000 82290000 Landuse
chr2:82340000 82630000 290 | ZHp E3 chr2:82330000 82360000 Landuse
chr2:82330000 82640000 290 | ZHp E9 chr2:82330000 82360000 Landuse
chr2:82340000 82630000 290 | ZHp E3 chr2:82370000 82390000 Landuse
chr2:82330000 82640000 290 | ZHp E9 chr2:82370000 82390000 Landuse
chr2:82340000 82630000 290 | ZHp E3 chr2:82580000 82600000 Landuse
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chr2:82330000 82640000 | 290 | ZHp E9 chr2:82580000 82600000 | Landuse

chr2:82620000 82640000 | 20 | ZHp E9 chr2:82630000 82770000 | Landuse

chr2:82620000 82700000 | 80 | iHS E9 chr2:82630000 82770000 | Landuse

chr2:82330000 82640000 | 290 | ZHp E9 chr2:82630000 82770000 | Landuse

chr2:82790000 82810000 | 20 | iHS E1 chr2:82790000 82840000 | Landuse

chr2:82790000 82840000 |50 | iHS E9 chr2:82790000_82840000 | Landuse (EL':']SC(;QE\?OOOOOO“QQQ
ENSGALG00000049962

chr2:82850000_82940000 | 90 | iHS E1,E9 | chr2:82850000 82940000 | Landuse (LncRNA),

- : = ENSGALG00000051615

(LncRNA)

chr4:75670000_75710000 | 40 | iHS E7 chr4:75690000_75810000 | Landuse

chr5:35470000_35670000 | 200 | iHS E7 chr5:35600000_35660000 | Landuse NPAS3
BEGAIN,
ENSGALG00000051728

chr5:48990000_49080000 | 90 | ZHp E9 chr5:48990000_49080000 | Landuse (LNCRNA),
ENSGALG00000053427
(LncRNA)

chr5:49020000 49070000 |50 | ZHp E3 chr5:48990000 49080000 | Landuse

chr7:31500000 31550000 | 50 | iHS E7 chr7:31520000 31550000 | Landuse

chr8:3260000_3340000 80 | iHS E8 chr8:3330000 3350000 Landuse

chr28:4530000 4580000 50 | iHs E1l chr28:4520000 4570000 Landuse RABBA, TPM4

chr1:440000_500000 60 iHS E5 chr1:430000_ 450000 minTemp

chr1:440000_500000 60 | iHS E5 chr1:460000_510000 minTemp

chr1:450000_510000 60 | iHs E7 chr1:460000_510000 minTemp

chr1:109100000 109120000 | 20 | iHS E7 chr1:109000000 109120000 | minTemp

chr1:108900000 109030000 | 130 | iHS E7 chr1:109000000 109120000 | minTemp ERG

chr1:109680000_ 109820000 | 140 | iHS E7 chr1:109760000 109800000 | minTemp DSCAM

chr1:109680000 109820000 | 140 | iHS E7 chr1:109810000 109830000 | minTemp DSCAM
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chr2:43530000_43550000 20 | iHS E7 chr2:43430000_ 43550000 minTemp
chr2:43530000_43560000 30 | iHS ES chr2:43430000_ 43550000 minTemp

chr5:16940000 16960000 20 | iHS ES chr5:16940000 16980000 minTemp FADS?2
chr5:28470000 35540000 70 iHS E5 chr5:34720000 34740000 minTemp ACTN1, NPAS3
chr6:36170000_36190000 20 | iHS E6 chr6:36170000 36220000 minTemp INPP5A
chr10:18140000 18170000 |30 | iHS E7 chr10:18140000 18180000 | minTemp ANKDDIA, SPG21, CLPX
chr18:3690000_3730000 40 | iHS E7 chr18:3690000 3770000 minTemp CD7
chr18:3750000 3780000 30 | iHS E7 chr18:3690000 3770000 minTemp SEPTING
chr21:3340000_3370000 30 | iHS E7,ES | chr21:3340000 3380000 minTemp SPSB1
chr1:65400000_ 65420000 20 | iHS E8 chr1:65410000 65440000 precDQ BCAT1
chr1:109680000 109820000 | 140 | iHS E7 chr1:109700000 109730000 | precDQ DSCAM
chr1:109680000 109820000 | 140 | iHS E7 chr1:109740000 109790000 | precDQ DSCAM
chr1:112350000 112400000 |50 | iHS ES chr1:112350000 112370000 | precDQ FUNDC1, EFHC2
chr2:28130000_28150000 20 | zHp ES chr2:28120000 28210000 precDQ

chr2:145490000 145670000 | 180 | iHS ES chr2:145640000_145670000 | precDQ g?fzp';%%ZCHRACL 9ga-mir-
chr3:20090000_20120000 30 | zHp E9 chr3:20090000 20110000 precDQ ESRRG
chr3:20100000_20120000 20 | zHp Ei’zEG’ chr3:20090000_ 20110000 precDQ ESRRG
chr3:72070000_72140000 70 | iHS E1 chr3:71840000_ 72120000 precDQ gga-mir-12262
chr3:72080000_ 72140000 60 | iHS E12 chr3:71840000_ 72120000 precDQ

chr3:72070000_72140000 70 | iHS E1 chr3:72130000 72150000 precDQ

chr3:72080000_72140000 60 | iHS E12 chr3:72130000_ 72150000 precDQ

chr3:72250000 72280000 20 | iHS E1 chr3:72220000 72340000 precDQ

chr3:72300000_72370000 70 | iHS E1 chr3:72220000_ 72340000 precDQ

chr3:72380000_72540000 160 | iHS E1 chr3:72360000 72540000 precDQ

chr3:72300000_72370000 70 | iHS E1 chr3:72360000 72540000 precDQ

chr3:73170000_73220000 50 | iHS E1 chr3:73120000 73250000 precDQ MANEA
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chr3:73290000 73400000 110 | iHS El chr3:73300000 73390000 precDQ
chr4:27840000_ 27880000 40 iHS E5 chr4:27820000 27880000 precDQ
chr4:28200000 28290000 90 iHS E5 chr4:28210000 28230000 precDQ
chr4:28200000 28290000 90 iHS E5 chr4:28270000 28300000 precDQ
chr4:28460000 28550000 90 iHS E5 chr4:28490000 28520000 precDQ
ENSGALG00000048582
chrd:28490000 28520000 |30 | iHS E6 chr4:28490000_28520000 | precDQ (ELﬁgg/Tﬁgioooooos 4220
(LncRNA)
chr4:74600000 74620000 20 ZHp E9 chr4:74550000 74620000 precDQ
chr4:89960000 89990000 30 iHS El chr4:89950000 89980000 precDQ EXOC6B
chr6:12520000 12540000 20 iHS E5 chr6:12510000 12530000 precDQ CDH23
) ZHp and/or | E1, ES8, .
chr9:12520000_12560000 40 iHS E9 chr9:12490000_12570000 precDQ AGTR1
chr9:12530000 12550000 20 ZHp E10 chr9:12490000 12570000 precDQ AGTR1
chr17:8260000 8290000 30 iHS ES chr17:8280000 8300000 precDQ GPSM1
chr17:9450000 9470000 20 iHS E2 chr17:9440000 9520000 precDQ
chr17:9490000 9550000 60 iHS E2 chr17:9440000 9520000 precDQ LHX2
chr17:9240000 9510000 270 iHS E2 chr17:9440000 9520000 precDQ STRBP, DENND1A
chr19:1810000 1830000 20 ZHp E10 chr19:1810000 1850000 precDQ AUTS2
chr19:1770000 1840000 70 iHS ES chr19:1810000 1850000 precDQ AUTS?2
chr20:1100000 1120000 20 iHS E5 chr20:1090000 1110000 precDQ CPNE1
chr23:4350000_4400000 50 | iHS E9 chr23:4350000_4400000 precDQ O g O CESPN,
chr1:440000 500000 60 iHS E5 chr1:450000 490000 precSeasonality
chr1:450000 510000 60 iHS E7 chr1:450000 490000 precSeasonality
chr1:185880000 185900000 | 20 ZHp E2 chr1:185880000 185920000 | precSeasonality
chr2:28130000 28150000 20 ZHp E8 chr2:28140000 28200000 precSeasonality
chr2:104220000 104270000 50 iHS E1l1 chr2:104260000 104320000 precSeasonality | TAF4B, KCTD1
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chr2:146900000 146950000 | 50 iHS E5 chr2:146890000 146920000 | precSeasonality | TSNARE1

chr3:20090000 20120000 30 ZHp E9 chr3:20080000 20110000 precSeasonality | ESRRG

chr3:20100000_20120000 |20 | ZHp T, | chr3:20080000_20110000 | precSeasonality | ESRRG

chr3:85880000 85900000 |20 | iHS E6 chr3:85880000_85900000 | precSeasonality (Enlq\liaGN,:l)_GOOOOOOM??O

chr4:28200000 28290000 90 iHS E5 chr4:28270000_28360000 precSeasonality

chr4:75650000 75670000 20 ZHp E2 chr4:75660000 75780000 precSeasonality

chr4:75670000 75710000 40 iHS E7 chr4:75660000 75780000 precSeasonality

chr4:77520000_77550000 30 iZI—||_ISp and E9, E10 | chr4:77500000 77530000 precSeasonality

chr4:89960000 89990000 30 iHS El chr4:89960000 89980000 precSeasonality | EXOC6B

chr4:90280000 90420000 140 | iHS E9 chr4:90310000 90340000 precSeasonality

chr4:90290000 90320000 30 iHS E9 chr4:90310000 90340000 precSeasonality

chr5:21740000_ 22800000 60 iHS E3 chr5:21780000_21800000 precSeasonality | MIR129-2

chr5:28470000 35540000 70 iHS E5 chr5:28910000 28970000 precSeasonality | ACTN1, NPAS3

chr5:35400000_35450000 50 iHS E9 chr5:35390000_35410000 precSeasonality | NPAS3

chr5:28470000 35540000 70 iHS E5 chr5:35390000 35410000 precSeasonality | ACTN1, NPAS3

chr5:40520000 40570000 50 ZHp E9 chr5:40460000 40570000 precSeasonality | NRXN3

chr5:48790000 48820000 30 iHS E9 chr5:48710000_ 49000000 precSeasonality

chr5:48850000 48870000 20 iHS E9 chr5:48710000 49000000 precSeasonality | WDR25

chr5:48850000_48880000 30 iHS E9 chr5:48710000_49000000 precSeasonality | BEGAIN

chr5:48890000 48920000 30 iHS E9 chr5:48710000 49000000 precSeasonality | BEGAIN

chr5:48700000_48820000 120 iHS E9 chr5:48710000_49000000 precSeasonality WS’REI\;’CZSAZQ WARS,
BEGAIN,
ENSGALGO00000051728

chr5:48990000_49080000 90 ZHp E9 chr5:48710000_49000000 precSeasonality | (LncRNA),
ENSGALG00000053427
(LncRNA)
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chr5:49090000_49110000 20 | iHS E9 chr5:49070000_ 49190000 precSeasonality
BEGAIN,
ENSGALG00000051728
chr5:48990000_49080000 90 | ZHp E9 chr5:49070000_49190000 precSeasonality | (LncRNA),
ENSGALG00000053427
(LncRNA)
chr5:49140000_49170000 30 |iHS E9 chr5:49070000_ 49190000 precSeasonality | DLK1
chr6:12520000_12540000 20 | iHS E5 chr6:12510000 12620000 precSeasonality | CDH23
chr9:12520000_12560000 40 izlj'sp Sl Eé B8, | chr9:12510000_12570000 precSeasonality | AGTR1
chr9:12530000_12550000 20 | zHp E10 chr9:12510000_ 12570000 precSeasonality | AGTRL
chr17:9490000_9550000 60 | iHS E2 chr17:9480000 9510000 precSeasonality
chr17:9240000_ 9510000 270 | iHS E2 chr17:9480000_ 9510000 precSeasonality | STRBP, DENND1A
chr19:1770000 1840000 70 iHS E8 chr19:1750000 1790000 precSeasonality | AUTS2
chr20:1100000_1120000 20 | iHsS E5 chr20:1090000_ 1110000 precSeasonality | CPNE1
chr23:4350000_4400000 50 | iHs E9 chr23:4350000_4400000 precSeasonality é‘fg}él’g‘;o“' CLSPN,
SETDBL, CERS2, MINDY1,
chr25:210000_250000 40 iHS E9 chr25:240000_260000 precSeasonality | PRUNE1, CDC42SE1,
MLLT11, GABPB2, SEMAGC
PRUNEL, CDC42SEL,
MLLT11, GABPB2, SEMAGC,
chr25:220000_340000 120 | iHS E2 chr25:240000_260000 precSeasonality | SCNM1, TMOD4, VPS72,
PIP5K1A, PSMD4, ZNF687,
PI4KB, RFX5
chr25:250000_270000 20 | iHS E1 chr25:240000_260000 precSeasonality ISD(I:F',\'S'\Q’ATMOD“’ VPST2,
chr28:4530000_4580000 50 | iHS E1 chr28:4540000_ 4580000 precSeasonality | RABSA, TPM4
chr31:930000 950000 20 iHS E2 chr31:920000 950000 precSeasonality
chr1:98990000_ 99020000 20 | ZHp E10 chr1:99010000 99040000 precWQ
chr2:65550000_65570000 20 | iHS E6 chr2:65560000_65580000 precWQ RPP40
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chr4:39410000 39430000 |20 | iHS E1 chr4:39410000 39440000 | precWQ
chr4:89960000 89990000 | 30 | iHS E1 chr4:89960000 89990000 | precWQ EXOC6B
chr5:28470000 35540000 | 70 | iHS E5 chr5:29730000 29750000 | precWQ ACTN1, NPAS3
chr5:55480000 55510000 30 iHS E4 chr5:55470000 55500000 precWQ ACTR10
chr8:6450000_6500000 50 | iHS E12 chr8:6440000_6460000 orecWQ TORIAIP2, FAM163A
chr10:13650000 13670000 | 20 | iHS E11 chr10:13630000 13730000 | precWQ
chr10:13710000 13770000 | 60 | iHS E11 chr10:13630000 13730000 | precWQ NTRK3
chr11:16300000_ 16320000 | 20 | iHS E5 chr11:16300000_ 16320000 | precWQ CDH13
chr15:10730000 10760000 | 30 | iHS E8 chr15:10710000 10750000 | precWQ
chr1:197480000_197600000 | 120 | iHS E7 chr1:197480000 197580000 | soilOrgC TPP1, gga-mir-1600, LCMT2
chr2:126400000 126480000 | 80 | iHS E10 chr2:126380000 126450000 | soilOrgC
chr2:137900000_137940000 | 40 | iHS E5 chr2:137920000 137940000 | s0ilOrgC DERL1, TBC1D31
chr2:147010000_147060000 |50 | iHS E5 chr2:147030000 147090000 | s0ilOrgC TSNARE1
chr2:147080000 147120000 | 40 | ZHp E10 chr2:147030000 147090000 | s0ilOrgC TSNARE1
chr2:147080000_147150000 | 70 | iHS E9 chr2:147030000 147090000 | s0ilOrgC TSNARE1
chr2:147010000 147160000 | 150 | ZHp E5 chr2:147030000 147090000 | s0ilOrgC TSNARE1
chr2:147030000_147090000 | 60 | iHS E3 chr2:147030000 147090000 | soilOrgC TSNARE1
chr2:147050000 147200000 | 150 | ZHp E9 chr2:147030000 147090000 | soilOrgC TSNARE1
chr4:40940000 40960000 | 20 | iHS E6 chr4:40930000 40980000 | soilOrgC
chr4:75670000 75710000 | 40 | iHS E7 chr4:75670000 75710000 | soilOrgC
chr7:29240000 29310000 | 70 | iHs E4 chr7:29270000 29290000 | soilOrgC DPP10
chr7:29280000 29310000 |30 | ZHporiHS | E1, E2 | chr7:29270000 29290000 | soilOrgC DPP10
chr7:31500000 31550000 | 50 | iHS E7 chr7:31520000 31560000 | soilOrgC
chr10:13650000 13670000 | 20 | iHS E11 chr10:13660000 13690000 | s0ilOrgC NTRK3

DRAP1, RELA, TMEM223,
chr33:6470000_6570000 100 | ZHp E1 chr33:6470000_6500000 s0ilorgC STXS, WDR74, SNORD30,

SNORD22, TAF6L, MTAZ2,
EML3
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Mean value for the six selected agro-climatic variables per ecotype. (Variables were used for ecotype definition and genomic-

m!nTemp prechqsonglity pr'ec.W'Qbi(?16 _ p.rec_DQ. Siﬁll)?g;gr?ic
Ecotype Minimum N PreC|p|tat_|on Precipitation in the PreC|_p|tat|on in the carbon content LandUse
temperature (C°) in Seasonality wettest quarter driest quarter (%)
the coldest month (mm/m?) (mm/m?) (mm/m?) (g/KogO%tr?]t;pth

E1l 5.5 87.42 1050.17 79.97 130.11 32.85
E2 6.9 105.30 970.30 24.75 139.45 11.62
E3 9.8 71.42 428.32 37.89 109.05 12.18
E4 6.2 90.93 758.27 59.20 140.33 38.28
E5 8.7 50.26 505.37 116.42 71.89 25.02
E6 11.6 82.61 362.20 42.78 113.07 32.24
E7 1.8 105.75 770.10 46.10 127.40 37.53
E8 11.4 103.67 1089.28 11.56 123.50 1.33
E9 7.3 141.00 458.79 9.42 113.89 38.20
E10 10.5 136.90 480.70 19.60 111.00 29.19
E1ll 10.4 84.82 529.27 72.73 124.64 38.14
E12 11.2 121.60 767.50 11.30 105.70 34.22
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Identified outlier SNPs by applying RDA on Hp and iHS SNPs of candidate regions. (SD > 3 and p-value = 0.0027 two-tailed cut-

off) (axis: significant axes (p-value < 0.1 — 0.01). loading: SNP value in the ordination of PCA space. minTemp: minimum temperature in the coldest month (bio6).
precSeason: precipitation seasonality (biol5). precWQ: precipitation in the wettest quarter (biol6). precDQ: precipitation in the driest quarter (bio17). SoilOrgC: soil organic
carbon content. Predictor: most strongly correlated predictor with each candidate SNP. Correlation: an absolute value of the strongest correlation between SNP and predictor).

Highlighted SNPs with r > 0.28 — 0.3 were further investigated.

Correlations of each candidate SNP with environmental predictors

axis | SNP position (bp) | loading minTemp precSeason precWQ precDQ | SoilOrgC | LandUse predictor correlation
1 chrl 109700810 0.07 0.04 -0.18 -0.01 0.22 -0.23 -0.10 SoilOrgC 0.23
1 chrl 112390303 0.07 -0.01 0.20 0.18 0.02 -0.06 0.02 precSeason 0.20
1 chrl 118502383 0.07 0.08 -0.15 -0.20 0.20 -0.33 0.08 SoilOrgC 0.33
1 chrl 118539067 0.07 0.09 -0.13 -0.21 0.19 -0.33 0.08 SoilOorgC 0.33
1 chrl 132947694 0.07 0.07 -0.15 -0.29 0.17 -0.35 0.03 SoilOorgC 0.35
1 chrl 132948242 -0.07 0.03 0.15 0.08 -0.26 0.27 -0.06 SoilOrgC 0.27
1 chrl 132950294 -0.08 -0.07 0.24 0.32 -0.21 0.33 -0.02 SoilorgC 0.33
1 chrl 132951411 0.08 0.08 -0.25 -0.24 0.23 -0.34 0.02 SoilOrgC 0.34
1 chrl 150103310 0.07 -0.02 -0.11 -0.11 0.15 -0.19 0.08 SoilorgC 0.19
1 chrl 150128380 0.07 -0.02 -0.11 -0.11 0.15 -0.19 0.08 SoilorgC 0.19
1 chrl 156616848 0.08 0.05 -0.11 -0.20 0.11 -0.25 0.07 SoilOrgC 0.25
1 chrl 176714724 -0.08 0.10 -0.14 -0.01 -0.05 0.03 -0.15 LandUse 0.15
1 chrl 176731485 0.08 -0.07 0.11 0.04 -0.01 0.05 0.09 precSeason 0.11
1 chrl 189278605 -0.07 0.03 -0.03 0.04 -0.06 0.10 -0.06 SoilOrgC 0.10
1 chrl 23065714 0.07 0.08 -0.18 -0.10 0.22 -0.30 -0.02 SoilOrgC 0.30
1 chrl 23140159 0.08 0.00 -0.16 -0.11 0.26 -0.31 0.01 SoilOrgC 0.31
1 chrl 23141490 0.07 0.12 -0.25 -0.26 0.25 -0.40 -0.05 SoilorgC 0.40
1 chrl 23147646 0.07 0.09 -0.10 -0.11 0.14 -0.29 -0.08 SoilOrgC 0.29
1 chrl 23164664 0.08 0.07 -0.11 -0.19 0.19 -0.33 0.04 SoilOrgC 0.33
1 chrl 33675583 0.07 0.21 -0.14 -0.27 0.06 -0.29 -0.02 SoilOorgC 0.29
1 chrl0 12770763 0.07 0.11 -0.06 -0.12 0.14 -0.19 0.08 SoilOrgC 0.19
1 chrl0 12779492 0.08 0.17 -0.11 -0.21 0.14 -0.29 0.04 SoilorgC 0.29
1 chrl0 13015093 0.07 -0.07 -0.06 -0.08 0.14 -0.18 0.04 SoilOrgC 0.18
1 chrl0 13073553 -0.08 -0.06 0.12 0.09 -0.15 0.25 0.03 SoilOrgC 0.25
1 chrl0 13667613 0.08 0.07 -0.18 -0.12 0.16 -0.22 -0.02 SoilorgC 0.22
1 chrl0 14416135 -0.07 -0.15 -0.20 0.00 0.13 0.08 0.11 precSeason 0.20
1 chrl0 17664883 -0.08 -0.10 -0.03 0.22 -0.04 0.21 -0.12 precWQ 0.22
1 chrl0 5385384 -0.07 -0.05 0.13 0.07 -0.15 0.22 0.03 SoilOrgC 0.22
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1 chrl0_5396155 -0.09 -0.08 0.05 0.02 -0.11 0.22 0.02 SoilorgC 0.22
1 chrl0 7170539 0.08 0.07 -0.19 -0.10 0.22 -0.26 0.00 SoilorgC 0.26
1 chrl0_ 7190022 0.07 0.08 -0.17 -0.19 0.24 -0.33 0.09 SoilorgC 0.33
1 chrll 1444895 -0.08 0.08 -0.22 -0.25 -0.07 0.04 -0.02 precWQ 0.25
1 chrl4 2833882 0.07 0.22 -0.14 -0.18 0.11 -0.25 0.05 SoilorgC 0.25
1 chrl4 2844786 0.07 0.23 -0.26 -0.20 0.09 -0.23 -0.09 precSeason 0.26
1 chrl4 4925611 -0.08 0.16 -0.16 -0.17 -0.10 0.15 0.03 precWQ 0.17
1 chrl4 5684953 0.08 0.08 -0.16 -0.16 0.18 -0.26 0.00 SoilorgC 0.26
1 chrl4 6200065 0.09 0.10 -0.12 -0.13 0.16 -0.32 0.01 SoilorgC 0.32
1 chrl4 6200159 0.09 0.08 -0.14 -0.11 0.18 -0.32 -0.01 SoilorgC 0.32
1 chrl4 6200496 0.08 0.09 -0.16 -0.11 0.15 -0.30 -0.07 SoilorgC 0.30
1 chrl4 6201610 -0.09 -0.21 0.06 0.23 -0.08 0.36 0.01 SoilorgC 0.36
1 chrl4 6202614 0.08 0.18 -0.01 -0.13 0.07 -0.19 0.01 SoilorgC 0.19
1 chrl4 6204028 -0.08 -0.17 -0.09 0.13 -0.04 0.17 -0.14 SoilorgC 0.17
1 chrl4 6205574 -0.08 -0.13 -0.02 0.10 -0.06 0.30 0.01 SoilorgC 0.30
1 chrl4 6209248 0.08 0.12 -0.05 -0.09 0.11 -0.30 -0.04 SoilorgC 0.30
1 chrl4 6212235 0.07 0.00 0.06 -0.10 0.11 -0.12 0.14 LandUse 0.14
1 chrl4 6905850 0.07 0.12 -0.08 -0.20 0.13 -0.20 0.03 SoilorgC 0.20
1 chrl4 7165714 -0.07 -0.08 -0.04 0.17 -0.06 0.26 -0.02 SoilorgC 0.26
1 chrl4 7170636 -0.08 -0.13 -0.09 0.18 -0.03 0.27 -0.03 SoilorgC 0.27
1 chrl7 5927565 0.07 0.07 -0.12 -0.11 0.18 -0.23 0.01 SoilorgC 0.23
1 chrl7 5931285 0.09 0.11 -0.21 -0.05 0.25 -0.24 -0.06 precDQ 0.25
1 chrl7 6740515 0.07 0.07 -0.38 -0.13 0.36 -0.37 -0.07 precSeason 0.38
1 chrl7 7847916 0.07 0.13 0.08 -0.21 0.03 -0.21 0.16 precWQ 0.21
1 chrl7 8064416 -0.08 -0.10 0.05 0.21 0.00 0.22 -0.05 SoilorgC 0.22
1 chrl9 1794269 0.07 0.03 -0.18 -0.03 0.21 -0.27 0.02 SoilorgC 0.27
1 chrl9 1816989 0.08 -0.05 -0.26 -0.02 0.34 -0.29 0.03 precDQ 0.34
1 chrl9 1819556 0.07 0.11 -0.26 -0.25 0.23 -0.37 0.05 SoilorgC 0.37
1 chrl9 1830033 0.07 0.06 -0.29 -0.16 0.27 -0.34 0.01 SoilorgC 0.34
1 chr2_102660808 -0.07 0.00 -0.12 0.14 -0.05 0.15 -0.10 SoilorgC 0.15
1 chr2_102820856 0.07 -0.02 0.00 0.06 0.11 -0.14 -0.10 SoilorgC 0.14
1 chr2_107682455 -0.08 0.05 -0.14 0.11 -0.07 0.17 -0.19 LandUse 0.19
1 chr2_107689781 0.08 0.01 0.08 0.02 0.10 -0.19 0.04 SoilorgC 0.19
1 chr2_108120063 -0.07 0.03 -0.15 -0.09 0.05 -0.01 0.04 precSeason 0.15
1 chr2_108120625 -0.08 -0.03 -0.04 0.02 0.03 0.13 0.08 SoilorgC 0.13
1 chr2_126412659 0.07 0.06 -0.22 -0.17 0.21 -0.27 0.03 SoilorgC 0.27
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1 chr2_126471892 0.07 0.09 -0.16 -0.15 0.22 -0.30 0.06 SoilorgC 0.30
1 chr2_134301101 0.07 0.07 0.01 -0.23 0.10 -0.29 0.08 SoilorgC 0.29
1 chr2_134301318 0.07 0.07 0.01 -0.23 0.10 -0.29 0.08 SoilorgC 0.29
1 chr2_134301357 0.07 0.07 0.01 -0.23 0.10 -0.29 0.08 SoilorgC 0.29
1 chr2_134327192 0.07 0.07 0.01 -0.23 0.10 -0.29 0.08 SoilorgC 0.29
1 chr2_137552718 0.07 0.03 0.01 -0.17 0.09 -0.18 0.04 SoilorgC 0.18
1 chr2_140301053 -0.07 -0.11 0.13 0.37 -0.18 0.30 -0.13 precWQ 0.37
1 chr2_140313253 -0.07 -0.11 0.11 0.36 -0.17 0.30 -0.12 precWQ 0.36
1 chr2_140367628 -0.07 -0.06 0.27 0.30 -0.19 0.26 -0.04 precWQ 0.30
1 chr2_140379965 0.07 0.12 -0.04 -0.31 0.06 -0.25 0.03 precWQ 0.31
1 chr2_140386472 -0.07 -0.07 0.09 0.27 -0.06 0.23 0.06 precWQ 0.27
1 chr2_88521218 0.07 -0.05 -0.05 0.02 0.07 0.04 0.12 LandUse 0.12
1 chr2_88533917 -0.07 -0.02 0.06 0.03 -0.12 0.06 -0.09 precDQ 0.12
1 chr2_88539680 0.08 -0.04 -0.08 -0.01 0.09 0.03 0.11 LandUse 0.11
1 chr2_91150684 -0.09 -0.02 0.03 -0.05 -0.09 0.05 0.01 precDQ 0.09
1 chr2 91151231 -0.08 -0.08 0.01 -0.04 -0.11 0.05 -0.02 precDQ 0.11
1 chr2_91177588 -0.07 0.00 -0.01 -0.09 -0.07 0.04 0.02 precWQ 0.09
1 chr2_91303700 -0.07 -0.01 -0.03 0.04 -0.06 0.07 -0.02 SoilorgC 0.07
1 chr2_91326459 -0.07 0.08 0.14 -0.06 -0.18 0.02 0.02 precDQ 0.18
1 chr2_91337155 0.08 0.04 -0.05 -0.20 0.07 -0.20 0.12 SoilorgC 0.20
1 chr2 91347863 -0.07 -0.01 0.07 0.05 -0.11 0.10 -0.09 precDQ 0.11
1 chr2_91354794 -0.07 0.01 0.18 0.17 -0.18 0.18 -0.12 precSeason 0.18
1 chr2 91738133 0.07 0.11 -0.12 -0.27 0.06 -0.19 0.13 precWQ 0.27
1 chr2_ 99486336 0.07 0.14 -0.10 -0.11 0.11 -0.20 0.03 SoilorgC 0.20
1 chr20 4173643 0.07 0.13 -0.18 -0.31 0.14 -0.29 0.03 precWQ 0.31
1 chr20 4176065 0.08 0.19 -0.15 -0.28 0.07 -0.28 -0.03 precWQ 0.28
1 chr20 4183810 0.07 0.12 -0.39 -0.25 0.28 -0.39 -0.05 precSeason 0.39
1 chr2l 6574007 0.07 0.10 -0.23 -0.15 0.15 -0.15 -0.03 precSeason 0.23
1 chr3 12494125 -0.08 -0.10 -0.01 0.13 -0.13 0.26 -0.02 SoilorgC 0.26
1 chr3 16645865 0.07 0.17 0.21 -0.14 -0.08 -0.12 0.11 precSeason 0.21
1 chr3 16891572 0.07 0.09 -0.34 -0.10 0.32 -0.41 -0.12 SoilorgC 0.41
1 chr3 38560061 0.08 0.12 -0.21 -0.24 0.18 -0.31 -0.06 SoilorgC 0.31
1 chr3_50580677 -0.07 -0.04 0.00 0.15 -0.09 0.09 -0.21 LandUse 0.21
1 chr3 61410429 0.07 0.06 -0.03 -0.07 0.10 -0.18 0.00 SoilorgC 0.18
1 chr3 61414185 0.08 0.09 -0.04 -0.15 0.08 -0.19 0.02 SoilorgC 0.19
1 chr3_61443805 0.07 0.12 -0.07 -0.09 0.03 -0.17 -0.08 SoilorgC 0.17
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1 chr3 61459215 0.07 0.17 0.04 -0.25 -0.09 -0.17 0.07 precWQ 0.25
1 chr3_77671096 -0.07 -0.17 -0.09 0.23 0.02 0.24 -0.10 SoilorgC 0.24
1 chr3_77680432 -0.07 -0.17 -0.12 0.26 0.13 0.12 -0.15 precWQ 0.26
1 chr4_23241575 0.07 0.12 -0.01 -0.17 0.09 -0.25 0.02 SoilorgC 0.25
1 chr4 28679923 0.07 0.03 -0.07 -0.16 0.07 -0.07 0.14 precWQ 0.16
1 chr4_3600618 -0.07 -0.12 -0.08 -0.02 -0.02 0.10 0.01 minTemp 0.12
1 chr4_ 3627776 0.07 0.15 0.06 -0.33 -0.02 -0.21 0.13 precWQ 0.33
1 chr4 51836212 -0.07 -0.19 -0.02 0.13 0.02 0.17 0.10 minTemp 0.19
1 chr4 51936281 0.07 0.11 0.04 -0.25 0.02 -0.21 0.09 precWQ 0.25
1 chr4_88511966 -0.07 -0.07 -0.04 -0.05 -0.11 0.14 -0.02 SoilorgC 0.14
1 chr4 88536311 -0.07 -0.28 0.10 0.28 0.01 0.23 -0.03 precWQ 0.28
1 chr4_89983070 0.08 0.16 -0.13 -0.25 0.07 -0.23 0.01 precWQ 0.25
1 chr4 90097954 0.08 0.14 -0.15 -0.17 0.09 -0.28 -0.06 SoilOrgC 0.28
1 chr5_12949778 0.07 0.03 -0.12 -0.05 0.20 -0.21 -0.02 SoilorgC 0.21
1 chr5_19564424 0.08 0.01 -0.11 -0.14 0.19 -0.33 -0.03 SoilorgC 0.33
1 chrb_28320494 -0.07 -0.17 0.21 0.15 -0.15 0.28 0.10 SoilorgC 0.28
1 chr5_35557653 0.07 0.13 -0.29 -0.13 0.23 -0.36 -0.07 SoilorgC 0.36
1 chr5_39594296 0.07 0.08 -0.09 -0.27 0.14 -0.33 0.03 SailOrgC 0.33
1 chr5_48729625 0.10 0.22 -0.28 -0.22 0.20 -0.30 -0.06 SoilorgC 0.30
1 chr5_49525047 0.07 0.34 -0.27 -0.34 0.05 -0.32 -0.08 minTemp 0.34
1 chr5_49530367 0.09 0.24 -0.16 -0.25 0.12 -0.30 0.04 SailOrgC 0.30
1 chr5_49544730 -0.07 -0.26 0.25 0.27 -0.05 0.27 0.03 precWQ 0.27
1 chr5_8266920 -0.07 -0.08 0.01 0.07 0.02 0.01 0.00 minTemp 0.08
1 chr6_28550216 0.07 0.18 -0.19 -0.22 0.10 -0.31 -0.06 SoilorgC 0.31
1 chr7_30965068 0.08 0.12 -0.27 -0.11 0.25 -0.38 -0.13 SoilorgC 0.38
1 chr7_30967748 0.07 0.14 -0.21 -0.27 0.15 -0.32 0.00 SoilorgC 0.32
1 chr7_32597927 0.07 0.00 -0.13 -0.08 0.24 -0.26 0.01 SoilorgC 0.26
1 chr7_32604693 0.07 0.10 -0.16 -0.13 0.19 -0.26 0.03 SailOrgC 0.26
1 chr7_34948717 0.08 0.03 -0.19 -0.10 0.26 -0.37 -0.08 SailOrgC 0.37
1 chr8 6198062 -0.08 -0.11 0.30 0.20 -0.25 0.38 0.07 SoilorgC 0.38
1 chr9_ 17890042 0.07 0.08 -0.03 -0.04 0.11 -0.26 0.01 SailOrgC 0.26
1 chr9_17953063 -0.08 -0.06 0.17 0.19 -0.19 0.29 -0.02 SoilorgC 0.29
1 chr9 17960192 -0.08 -0.06 0.14 0.24 -0.18 0.30 -0.12 SailOrgC 0.30
1 chr9_ 17960492 -0.07 -0.03 0.03 0.02 -0.21 0.31 -0.06 SailOrgC 0.31
2 chrl 110212779 0.07 0.15 0.12 -0.09 -0.22 0.01 0.01 precDQ 0.22
2 chrl_112416137 0.07 0.11 0.17 0.07 -0.20 -0.06 -0.19 precDQ 0.20
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2 chrl 118390274 -0.08 -0.07 -0.28 -0.01 0.30 -0.14 0.08 precDQ 0.30
2 chrl_118390636 -0.07 -0.05 -0.21 -0.05 0.25 -0.17 0.11 precDQ 0.25
2 chrl 118392895 -0.07 -0.05 -0.21 -0.05 0.25 -0.17 0.11 precDQ 0.25
2 chrl_118396566 -0.07 -0.05 -0.22 -0.05 0.26 -0.17 0.10 precDQ 0.26
2 chrl 118408182 -0.08 -0.06 -0.28 -0.03 0.29 -0.12 0.09 precDQ 0.29
2 chrl 128340105 -0.07 -0.24 0.02 0.05 0.10 0.07 0.12 minTemp 0.24
2 chrl_128341996 0.07 0.20 0.05 0.03 -0.16 0.02 -0.16 minTemp 0.20
2 chrl 128342571 -0.07 -0.24 0.02 0.05 0.10 0.07 0.12 minTemp 0.24
2 chrl_128461033 -0.07 -0.20 0.03 0.06 0.13 0.10 0.16 minTemp 0.20
2 chrl_128518467 -0.07 -0.20 0.03 0.06 0.13 0.10 0.16 minTemp 0.20
2 chrl 128548372 -0.07 -0.24 0.03 0.06 0.13 0.12 0.18 minTemp 0.24
2 chrl_128693862 -0.07 -0.23 -0.07 0.09 0.13 0.05 0.06 minTemp 0.23
2 chrl 132953316 0.07 0.20 0.12 -0.05 -0.25 0.07 -0.06 precDQ 0.25
2 chrl_ 132953669 0.07 0.31 0.01 -0.24 -0.17 -0.15 -0.14 minTemp 0.31
2 chrl_132954120 0.07 0.13 0.04 -0.08 -0.17 0.00 -0.13 precDQ 0.17
2 chrl 132954906 0.08 0.22 0.15 -0.17 -0.26 -0.04 -0.12 precDQ 0.26
2 chrl_143186941 -0.07 -0.06 0.02 0.05 0.19 -0.01 0.15 precDQ 0.19
2 chrl 192211061 0.07 0.09 0.17 0.02 -0.20 0.03 -0.10 precDQ 0.20
2 chrl 197483358 -0.07 -0.11 -0.20 0.10 0.37 -0.13 0.05 precDQ 0.37
2 chrl_98060042 -0.07 -0.20 0.03 0.13 0.13 0.06 0.13 minTemp 0.20
2 chrl 98060182 -0.07 -0.20 0.03 0.13 0.13 0.06 0.13 minTemp 0.20
2 chrl_98810822 -0.07 -0.20 0.01 0.12 0.13 0.07 0.04 minTemp 0.20
2 chrl 98810963 -0.07 -0.20 0.01 0.12 0.13 0.07 0.04 minTemp 0.20
2 chrl 98834610 -0.08 -0.21 0.03 0.14 0.14 0.07 0.07 minTemp 0.21
2 chrl_98880031 -0.08 -0.22 0.05 0.16 0.13 0.09 0.06 minTemp 0.22
2 chrl 98883766 -0.08 -0.22 0.05 0.16 0.13 0.09 0.06 minTemp 0.22
2 chrl 98909806 -0.09 -0.23 0.04 0.20 0.15 0.11 0.07 minTemp 0.23
2 chrl 98920429 -0.07 -0.16 0.04 0.19 0.11 0.09 0.03 precWQ 0.19
2 chrl 98920797 -0.09 -0.23 0.04 0.20 0.15 0.11 0.07 minTemp 0.23
2 chrl 98921867 -0.09 -0.23 0.04 0.20 0.15 0.11 0.07 minTemp 0.23
2 chrl 98924646 -0.08 -0.23 0.02 0.19 0.16 0.11 0.07 minTemp 0.23
2 chrl 98955453 -0.09 -0.23 0.01 0.20 0.17 0.11 0.07 minTemp 0.23
2 chrl 98990920 -0.07 -0.19 0.07 0.15 0.08 0.07 0.06 minTemp 0.19
2 chrl 98991028 -0.08 -0.21 0.03 0.20 0.12 0.11 0.06 minTemp 0.21
2 chrl 98991409 -0.08 -0.21 0.01 0.18 0.15 0.11 0.07 minTemp 0.21
2 chrl_98998007 -0.08 -0.19 0.00 0.15 0.13 0.12 0.08 minTemp 0.19
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2 chrl 99003736 -0.08 -0.21 0.03 0.19 0.13 0.11 0.05 minTemp 0.21
2 chrl_99015095 -0.07 -0.14 -0.03 0.14 0.12 0.10 0.03 precWQ 0.14
2 chrl0_ 13599109 -0.07 -0.30 0.19 0.35 0.02 0.21 0.07 precWQ 0.35
2 chrl0_4126468 -0.08 -0.10 -0.16 0.10 0.20 0.05 0.09 precDQ 0.20
2 chrl0_ 4188149 0.07 0.05 0.09 -0.12 -0.17 -0.06 -0.14 precDQ 0.17
2 chrl0 5317612 -0.07 -0.19 -0.15 0.14 0.19 0.11 0.05 minTemp 0.19
2 chrl0_6328263 -0.07 -0.08 -0.21 -0.02 0.25 -0.11 0.09 precDQ 0.25
2 chrl0_ 9680312 0.08 0.21 0.09 -0.10 -0.15 -0.16 0.00 minTemp 0.21
2 chr10_9680456 0.08 0.21 0.06 -0.10 -0.14 -0.15 -0.04 minTemp 0.21
2 chrll_10332226 0.07 0.19 0.07 -0.06 -0.22 -0.07 -0.17 precDQ 0.22
2 chrl2_11794158 -0.07 -0.14 -0.12 0.15 0.21 0.09 0.01 precDQ 0.21
2 chrl4 2823172 -0.07 -0.04 -0.02 0.07 0.20 -0.13 0.05 precDQ 0.20
2 chrl4 2834643 0.07 0.36 0.04 -0.23 -0.15 -0.12 -0.08 minTemp 0.36
2 chrl4_2839546 0.08 0.33 -0.13 -0.17 -0.11 -0.20 -0.24 minTemp 0.33
2 chrl4_2841689 0.07 0.24 0.16 0.03 -0.24 0.00 -0.20 minTemp 0.24
2 chrl7_4716964 -0.07 -0.17 0.04 0.04 0.12 0.01 0.12 minTemp 0.17
2 chrl7_5927857 -0.08 -0.15 -0.14 0.17 0.23 0.07 0.03 precDQ 0.23
2 chrl7_5931456 -0.07 -0.12 -0.23 0.05 0.29 -0.06 0.04 precDQ 0.29
2 chrl7_6198259 -0.07 -0.07 -0.09 0.03 0.16 0.01 0.08 precDQ 0.16
2 chrl7_6647388 0.07 0.22 0.01 -0.03 -0.14 -0.17 -0.12 minTemp 0.22
2 chrl7_8086055 0.06 0.15 0.05 -0.08 -0.16 -0.01 -0.02 precDQ 0.16
2 chrl7_9532678 0.07 0.24 -0.04 -0.28 -0.13 -0.22 -0.08 precWQ 0.28
2 chrl9 2420166 0.07 0.07 0.13 -0.08 -0.25 -0.03 -0.05 precDQ 0.25
2 chrl9 2435462 -0.07 -0.04 -0.14 -0.04 0.25 0.00 0.16 precDQ 0.25
2 chrl9 2449547 -0.07 -0.13 -0.04 0.04 0.18 0.04 0.13 precDQ 0.18
2 chrl9 2451005 -0.07 -0.12 -0.14 0.08 0.26 -0.03 0.04 precDQ 0.26
2 chrl9 2539524 -0.07 -0.09 -0.11 0.05 0.29 -0.11 0.04 precDQ 0.29
2 chrl9 2549553 -0.08 -0.13 -0.04 0.05 0.22 0.03 0.12 precDQ 0.22
2 chr19_ 2550056 0.07 0.05 -0.01 0.05 -0.12 -0.04 -0.17 LandUse 0.17
2 chrl9 901472 -0.07 -0.06 -0.04 0.08 0.15 0.07 0.11 precDQ 0.15
2 chr2_104258829 -0.07 -0.16 -0.18 0.06 0.26 0.07 0.16 precDQ 0.26
2 chr2_104264716 0.08 0.18 0.15 -0.02 -0.28 -0.05 -0.13 precDQ 0.28
2 chr2_104264975 0.07 0.24 0.12 -0.28 -0.28 -0.10 0.01 precWQ 0.28
2 chr2_104268593 0.07 0.11 0.20 0.09 -0.22 0.01 -0.10 precDQ 0.22
2 chr2_109398511 0.07 0.18 0.10 -0.22 -0.18 -0.08 0.00 precWQ 0.22
2 chr2_110320431 -0.07 -0.14 -0.02 0.21 0.18 0.10 -0.06 precWQ 0.21
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2 chr2_117742214 -0.08 -0.18 -0.03 0.23 0.19 0.07 0.06 precWQ 0.23
2 chr2_117749087 -0.07 -0.15 -0.05 0.42 0.15 0.13 -0.14 precWQ 0.42
2 chr2_117752300 -0.07 -0.14 -0.08 0.25 0.22 0.00 -0.01 precWQ 0.25
2 chr2_118863529 -0.07 -0.11 0.03 0.15 0.13 0.10 0.10 precWQ 0.15
2 chr2_123115169 0.07 0.15 0.06 -0.08 -0.19 -0.01 -0.11 precDQ 0.19
2 chr2_123116707 0.08 0.16 0.10 -0.08 -0.27 0.08 -0.11 precDQ 0.27
2 chr2_137593028 0.07 0.16 0.02 -0.08 -0.13 -0.06 -0.08 minTemp 0.16
2 chr2_137611144 0.07 0.22 0.07 -0.22 -0.10 -0.10 -0.01 precWQ 0.22
2 chr2_137622713 0.07 0.26 -0.07 -0.23 -0.02 -0.22 -0.05 minTemp 0.26
2 chr2_137624985 0.07 0.27 0.07 -0.21 -0.15 -0.07 -0.06 minTemp 0.27
2 chr2_138341731 -0.07 -0.14 -0.12 0.04 0.15 0.00 0.05 precDQ 0.15
2 chr2_55326637 -0.07 -0.09 -0.12 0.19 0.21 0.03 -0.03 precDQ 0.21
2 chr2_55460931 -0.07 -0.17 -0.22 0.23 0.27 0.09 0.07 precDQ 0.27
2 chr2_55475568 -0.07 -0.18 -0.17 0.22 0.24 0.09 0.10 precDQ 0.24
2 chr2_78280118 0.07 0.28 -0.10 -0.17 -0.11 -0.04 -0.10 minTemp 0.28
2 chr2_78280162 0.09 0.31 -0.01 -0.24 -0.17 -0.06 -0.07 minTemp 0.31
2 chr2_78280175 0.09 0.31 -0.01 -0.24 -0.17 -0.06 -0.07 minTemp 0.31
2 chr2_78280397 -0.08 -0.27 0.00 0.17 0.16 0.04 0.07 minTemp 0.27
2 chr2_78280431 -0.08 -0.27 0.00 0.17 0.16 0.04 0.07 minTemp 0.27
2 chr2_78307383 0.08 0.29 -0.04 -0.16 -0.12 -0.08 -0.13 minTemp 0.29
2 chr2_82801924 0.07 0.26 -0.03 -0.01 -0.11 -0.01 -0.17 minTemp 0.26
2 chr2_82808194 0.07 0.26 -0.03 -0.01 -0.11 -0.01 -0.17 minTemp 0.26
2 chr2_82851573 0.07 0.25 -0.03 0.02 -0.09 0.01 -0.16 minTemp 0.25
2 chr2_82874119 0.07 0.26 -0.02 0.02 -0.09 0.01 -0.16 minTemp 0.26
2 chr2_82913226 0.07 0.28 0.03 0.05 -0.16 0.03 -0.18 minTemp 0.28
2 chr2_99407858 -0.06 -0.26 -0.04 0.16 0.20 0.05 0.09 minTemp 0.26
2 chr20_1187011 -0.07 -0.12 -0.08 0.01 0.29 -0.20 0.05 precDQ 0.29
2 chr20_2199652 -0.07 -0.20 -0.15 0.06 0.27 0.05 0.09 precDQ 0.27
2 chr20_4177646 0.07 0.16 0.01 -0.11 -0.16 -0.08 -0.10 precDQ 0.16
2 chr21_4144568 -0.07 -0.05 -0.18 -0.05 0.18 -0.03 0.10 precDQ 0.18
2 chr21 4353990 0.06 0.17 0.00 -0.31 -0.10 -0.19 0.05 precWQ 0.31
2 chr23 4357346 -0.07 -0.14 -0.19 -0.01 0.21 -0.03 0.07 precDQ 0.21
2 chr25_289654 0.07 0.18 -0.22 -0.16 0.02 -0.15 -0.24 LandUse 0.24
2 chr3 11966134 0.07 0.18 0.17 0.08 -0.19 0.01 -0.16 precDQ 0.19
2 chr3 12020211 0.07 0.14 0.13 0.12 -0.21 0.06 -0.23 LandUse 0.23
2 chr3_12020253 0.07 0.14 0.13 0.12 -0.21 0.06 -0.23 LandUse 0.23
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2 chr3_5039795 -0.09 -0.24 -0.07 0.15 0.24 0.10 0.15 precDQ 0.24
2 chr4_77541544 0.07 0.17 -0.19 -0.08 -0.10 -0.02 -0.24 LandUse 0.24
2 chr4 82439583 -0.07 -0.19 0.02 0.31 0.12 0.15 0.00 precWQ 0.31
2 chr4_82870734 -0.07 -0.21 -0.06 0.28 0.19 0.17 0.05 precWQ 0.28
2 chr4_ 83335619 -0.06 -0.17 -0.16 0.13 0.27 0.01 0.03 precDQ 0.27
2 chr4_88536330 0.07 0.31 0.02 -0.28 -0.23 -0.08 -0.01 minTemp 0.31
2 chr5_19062036 -0.07 -0.29 -0.02 0.16 0.17 0.09 0.15 minTemp 0.29
2 chr5_19568630 0.06 0.14 -0.04 -0.21 -0.12 -0.05 -0.11 precWQ 0.21
2 chr5_27549756 -0.08 -0.15 0.04 0.07 0.14 0.07 0.20 LandUse 0.20
2 chr5_32397932 -0.07 -0.23 0.15 0.13 0.08 0.04 0.19 minTemp 0.23
2 chr5_36239584 0.07 0.25 0.05 -0.11 -0.24 0.11 -0.07 minTemp 0.25
2 chr5_36359777 -0.07 -0.19 -0.05 0.09 0.19 0.03 0.10 minTemp 0.19
2 chr5_38101243 0.07 0.14 0.08 -0.17 -0.19 -0.06 -0.09 precDQ 0.19
2 chr6_10251021 0.07 0.11 0.24 -0.02 -0.25 -0.03 -0.05 precDQ 0.25
2 chr7_19860503 0.06 0.15 -0.09 -0.13 -0.09 -0.17 -0.15 SoilorgC 0.17
2 chr7_20954316 -0.07 -0.12 0.10 0.20 0.08 0.15 0.13 precWQ 0.20
2 chr8_23623147 0.07 0.17 -0.07 -0.10 -0.05 -0.15 -0.11 minTemp 0.17
2 chr8 24798255 -0.07 -0.19 -0.17 0.21 0.30 0.07 0.03 precDQ 0.30
2 chr9 21716194 -0.07 -0.20 -0.12 0.11 0.24 0.09 0.10 precDQ 0.24
2 chr9_ 21717354 -0.07 -0.12 -0.05 0.11 0.15 0.19 0.16 SoilorgC 0.19
3 chrl 121966647 0.06 0.04 0.11 -0.05 0.03 -0.14 0.03 SoilorgC 0.14
3 chrl_128799314 0.06 -0.06 0.04 -0.06 0.09 -0.14 0.11 SoilorgC 0.14
3 chrl 132955026 0.07 0.05 0.20 -0.04 -0.11 -0.02 0.03 precSeason 0.20
3 chrl 173272540 0.07 -0.10 0.03 0.02 -0.01 0.03 0.05 minTemp 0.10
3 chrl_45641988 -0.06 0.16 0.03 0.09 -0.17 0.27 -0.13 SoilorgC 0.27
3 chrl_45642449 -0.07 0.08 -0.12 -0.13 0.04 -0.01 0.06 precWQ 0.13
3 chrl 57263184 -0.07 0.07 -0.06 -0.06 0.03 -0.01 -0.01 minTemp 0.07
3 chrl 57264767 -0.06 0.14 0.01 -0.23 -0.04 -0.10 -0.05 precWQ 0.23
3 chr10_ 11885633 0.07 -0.18 0.05 0.23 -0.02 0.13 -0.05 precWQ 0.23
3 chr10_11908930 -0.07 -0.06 -0.10 0.07 0.04 0.06 -0.11 LandUse 0.11
3 chr10_13361869 0.06 -0.14 0.26 0.07 -0.07 0.08 0.13 precSeason 0.26
3 chrl0_4270778 -0.07 0.11 -0.07 -0.19 0.02 -0.13 -0.05 precWQ 0.19
3 chrl0_4288252 -0.07 0.06 -0.02 -0.15 0.03 -0.10 0.08 precWQ 0.15
3 chr10_4508583 0.06 -0.06 0.12 0.08 -0.05 0.03 0.02 precSeason 0.12
3 chr10_4523065 0.06 -0.16 0.06 0.17 -0.05 0.14 0.01 precWQ 0.17
3 chr10_4523408 0.07 -0.02 0.06 -0.10 -0.12 -0.02 0.09 precDQ 0.12
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3 chrl0_ 4568036 -0.07 0.08 -0.11 -0.06 -0.06 0.10 -0.06 precSeason 0.11
3 chrl0_ 8276922 -0.06 0.04 -0.26 -0.05 0.11 0.04 -0.04 precSeason 0.26
3 chrl0_ 8281861 -0.07 0.00 -0.11 -0.06 0.05 0.03 -0.02 precSeason 0.11
3 chrl0_ 9402417 0.07 -0.12 0.30 0.19 -0.12 0.10 0.02 precSeason 0.30
3 chrl0_ 9409961 0.07 0.08 0.10 -0.13 -0.07 -0.13 0.07 precWQ 0.13
3 chrll 16972959 0.07 -0.05 0.24 0.33 -0.09 0.07 -0.13 precWQ 0.33
3 chrl3 17335168 -0.07 -0.03 -0.10 0.05 0.06 0.08 -0.10 LandUse 0.10
3 chrl4 4548200 0.06 -0.06 0.05 -0.04 0.06 -0.16 0.08 SoilorgC 0.16
3 chrl5 4120266 -0.07 0.09 -0.22 -0.18 0.09 0.00 0.00 precSeason 0.22
3 chrl7 7239162 -0.07 0.07 -0.24 -0.01 0.05 -0.14 -0.25 LandUse 0.25
3 chrl7_7364636 -0.07 0.04 -0.10 -0.02 0.12 0.01 0.07 precDQ 0.12
3 chrl7 7367928 -0.07 0.10 -0.09 -0.15 0.06 -0.05 0.03 precWQ 0.15
3 chrl7_7631736 0.07 0.05 0.13 0.08 -0.02 -0.02 0.06 precSeason 0.13
3 chrl7 7633071 0.07 -0.08 0.04 0.10 0.12 -0.04 0.06 precDQ 0.12
3 chrl7 7635727 0.08 0.00 0.06 0.03 0.09 -0.10 0.01 SoilorgC 0.10
3 chrl7_7637261 -0.07 -0.08 -0.04 0.07 -0.01 0.08 -0.06 SoilorgC 0.08
3 chrl7 8288451 -0.07 0.11 -0.08 -0.11 0.03 -0.06 -0.03 minTemp 0.11
3 chrl9 2433049 -0.06 0.11 0.11 -0.04 -0.07 0.04 0.05 minTemp 0.11
3 chrl9 3307010 0.06 -0.07 0.18 0.08 -0.06 0.08 0.08 precSeason 0.18
3 chrl9 922652 0.06 -0.03 0.00 0.05 -0.01 -0.05 0.03 precWQ 0.05
3 chrl9 924613 -0.07 0.04 -0.08 -0.04 0.00 0.05 -0.09 LandUse 0.09
3 chr2_102695913 -0.07 0.12 0.01 -0.12 -0.11 0.05 -0.08 minTemp 0.12
3 chr2_110243241 -0.06 -0.09 0.09 0.11 0.01 0.12 0.06 SoilorgC 0.12
3 chr2_112808674 0.08 -0.01 0.19 0.04 -0.04 -0.01 0.14 precSeason 0.19
3 chr2_112903173 0.07 0.06 0.14 -0.06 -0.03 -0.09 0.12 precSeason 0.14
3 chr2_114706004 -0.06 -0.03 -0.22 -0.09 0.10 0.00 -0.07 precSeason 0.22
3 chr2_134309595 0.07 0.08 0.13 -0.16 -0.03 -0.20 0.00 SoilorgC 0.20
3 chr2_134317069 0.07 0.06 0.14 -0.19 -0.01 -0.25 0.06 SoilorgC 0.25
3 chr2_140323648 -0.07 0.03 -0.07 -0.21 0.09 -0.19 0.02 precWQ 0.21
3 chr2_140335533 -0.07 0.05 -0.06 -0.25 0.07 -0.19 0.00 precWQ 0.25
3 chr20_4184104 -0.07 0.10 0.00 -0.22 -0.05 -0.01 0.01 precWQ 0.22
3 chr25 285695 -0.07 0.12 -0.26 -0.22 0.05 -0.17 -0.24 precSeason 0.26
3 chr25_322674 0.06 -0.22 0.04 0.15 0.05 0.10 0.08 minTemp 0.22
3 chr3 100431237 0.07 -0.05 0.10 0.11 -0.09 0.02 0.07 precWQ 0.11
3 chr3 100435235 0.06 0.05 0.11 0.09 -0.07 -0.05 0.11 precSeason 0.11
3 chr3 16289174 0.07 0.17 0.12 -0.17 -0.12 -0.23 0.05 SoilorgC 0.23
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3 chr3 16289248 0.06 0.10 -0.05 -0.15 0.04 -0.22 0.05 SoilorgC 0.22
3 chr3_ 31596452 -0.07 -0.01 -0.05 0.05 0.00 0.05 -0.14 LandUse 0.14
3 chr3 31608169 0.07 -0.14 0.09 0.07 0.06 0.05 0.18 LandUse 0.18
3 chr3 31617477 -0.07 0.25 -0.20 -0.19 -0.09 -0.03 -0.14 minTemp 0.25
3 chr3_ 32208733 0.06 -0.14 0.22 0.14 -0.11 0.09 0.04 precSeason 0.22
3 chr3 41555894 -0.07 0.06 -0.03 -0.05 0.05 0.04 0.02 minTemp 0.06
3 chr3_5024316 -0.07 0.10 -0.03 -0.21 0.01 -0.05 0.11 precWQ 0.21
3 chr3 69197178 -0.07 0.04 -0.25 -0.14 0.06 -0.09 -0.21 precSeason 0.25
3 chr3 72111929 -0.07 0.14 -0.09 -0.12 0.04 -0.11 -0.04 minTemp 0.14
3 chr3 72131787 -0.07 0.15 0.08 -0.17 0.04 -0.09 0.10 precWQ 0.17
3 chr3_72275989 -0.06 0.05 0.01 -0.06 -0.01 0.02 0.00 precWQ 0.06
3 chr3_ 85440453 0.07 0.07 0.04 -0.11 -0.07 -0.08 0.06 precWQ 0.11
3 chr3 85441224 0.07 0.07 0.04 -0.11 -0.07 -0.08 0.06 precWQ 0.11
3 chr3 85441441 0.07 0.07 0.04 -0.11 -0.07 -0.08 0.06 precWQ 0.11
3 chr3 85442013 0.07 0.05 0.06 -0.08 -0.06 -0.09 0.05 SoilorgC 0.09
3 chr3 85444381 0.07 0.07 0.04 -0.11 -0.07 -0.08 0.06 precWQ 0.11
3 chr4 77531109 0.06 -0.01 0.16 -0.08 -0.17 0.08 0.09 precDQ 0.17
3 chr4 77531435 0.08 0.02 0.22 -0.04 -0.15 0.04 0.13 precSeason 0.22
3 chr4 88530878 0.06 -0.23 0.03 0.13 0.13 -0.03 0.04 minTemp 0.23
3 chr4 88531308 0.08 -0.24 0.13 0.09 0.08 -0.08 0.11 minTemp 0.24
3 chr4 88725345 -0.07 0.24 -0.23 -0.27 0.09 -0.08 0.06 precWQ 0.27
3 chr4 88729307 -0.06 0.23 -0.21 -0.14 0.00 -0.03 -0.12 minTemp 0.23
3 chr4 89034764 0.08 -0.03 -0.06 0.00 0.11 -0.16 0.03 SoilorgC 0.16
3 chr4 89035031 0.08 -0.10 -0.01 0.09 0.04 0.00 0.00 minTemp 0.10
3 chr4 90333060 0.06 -0.15 0.16 0.08 -0.04 0.08 0.12 precSeason 0.16
3 chr4 90455438 -0.07 0.08 -0.08 -0.06 -0.06 -0.01 -0.20 LandUse 0.20
3 chr5 11690121 0.07 0.04 0.13 -0.06 -0.02 -0.07 -0.02 precSeason 0.13
3 chr5_16730855 0.08 -0.13 -0.02 0.03 0.05 0.01 0.07 minTemp 0.13
3 chr5_16743859 0.07 -0.14 0.10 0.05 -0.09 0.07 0.09 minTemp 0.14
3 chr5_ 19517440 0.07 -0.15 0.06 0.10 0.04 -0.08 -0.01 minTemp 0.15
3 chrb5_36417319 -0.08 0.05 -0.24 -0.10 0.11 0.05 -0.03 precSeason 0.24
3 chr5 38454962 0.07 0.12 0.21 -0.19 -0.18 -0.10 0.05 precSeason 0.21
3 chr5_38465056 0.07 -0.06 0.15 -0.14 -0.04 -0.07 0.11 precSeason 0.15
3 chr5_4421038 0.07 0.00 0.14 0.14 -0.01 -0.04 -0.04 precWQ 0.14
3 chr5 48748802 -0.06 0.03 -0.15 -0.05 0.06 0.04 -0.12 precSeason 0.15
3 chr5_7508595 0.07 -0.18 0.16 0.31 -0.14 0.30 -0.03 precWQ 0.31

318




Supplementary Tables

3 chr6_11688993 -0.07 -0.06 0.03 0.18 0.06 0.18 -0.02 precWQ 0.18
3 chr6_12414334 -0.08 0.12 -0.04 -0.12 0.06 -0.08 0.01 minTemp 0.12
3 chr6_18182501 -0.07 0.03 0.12 -0.14 -0.07 -0.02 0.11 precWQ 0.14
3 chr6_6811973 -0.07 0.08 -0.08 0.01 -0.02 0.07 -0.11 LandUse 0.11
3 chr6_6824738 -0.06 0.09 -0.04 0.01 -0.01 0.07 -0.07 minTemp 0.09
3 chr6_6831321 -0.07 0.11 -0.08 -0.06 -0.02 0.02 -0.04 minTemp 0.11
3 chr7_20959463 0.08 0.03 0.17 -0.05 -0.11 -0.03 -0.01 precSeason 0.17
3 chr7_20980495 0.08 0.05 0.21 -0.04 -0.12 -0.05 0.01 precSeason 0.21
3 chr7_20995969 0.08 0.03 0.19 -0.06 -0.10 -0.05 0.00 precSeason 0.19
3 chr7_34140184 0.06 -0.12 0.04 0.17 0.15 -0.17 -0.06 precWQ 0.17
3 chr7_34338728 -0.07 0.09 -0.08 -0.07 0.03 0.01 -0.08 minTemp 0.09
3 chr8 3133225 -0.07 -0.07 0.00 0.12 -0.02 0.14 -0.06 SoilorgC 0.14
3 chr8 5681926 0.08 0.01 -0.02 -0.11 0.11 -0.22 0.13 SoilorgC 0.22
3 chr8_5682410 0.06 -0.19 0.15 0.10 0.07 -0.02 0.18 minTemp 0.19
3 chr8 6217694 -0.07 -0.06 -0.06 0.14 -0.02 0.09 -0.12 precWQ 0.14
3 chr8 6368423 0.08 0.05 0.30 -0.09 -0.17 0.00 0.18 precSeason 0.30
3 chr8_6499160 0.07 -0.15 0.23 0.14 -0.06 0.04 0.10 precSeason 0.23
4 chrl 100341963 0.06 0.12 -0.06 -0.16 0.05 -0.25 0.01 SoilorgC 0.25
4 chrl 172818620 0.06 0.11 -0.17 -0.10 0.13 -0.24 -0.12 SoilorgC 0.24
4 chrl_ 32707669 0.06 0.05 0.13 0.13 -0.14 0.02 -0.18 LandUse 0.18
4 chrl 32777323 -0.06 -0.05 -0.12 -0.05 0.12 0.00 0.11 precDQ 0.12
4 chrl 32824711 0.06 0.02 0.13 0.13 -0.13 0.01 -0.16 LandUse 0.16
4 chrl 33669632 0.06 0.05 0.03 -0.07 -0.01 -0.11 -0.08 SoilorgC 0.11
4 chrl 45644005 0.06 0.02 0.13 0.03 0.04 -0.07 -0.01 precSeason 0.13
4 chrl0_ 10390359 0.06 0.23 0.02 -0.08 -0.14 0.08 -0.10 minTemp 0.23
4 chrl0_13030303 -0.06 -0.13 -0.02 0.14 -0.03 0.11 0.00 precWQ 0.14
4 chrl0 13577303 -0.06 -0.02 -0.09 0.00 -0.01 0.07 0.07 precSeason 0.09
4 chrl0_ 13580811 0.06 0.21 0.05 -0.08 -0.09 -0.04 -0.11 minTemp 0.21
4 chrl0 13742394 0.06 -0.06 0.00 -0.08 0.06 -0.06 -0.01 precWQ 0.08
4 chrl0 13791576 -0.06 0.00 0.08 -0.05 -0.10 0.01 0.07 precDQ 0.10
4 chrl0 14253503 0.06 -0.09 0.08 0.17 -0.03 0.12 -0.12 precWQ 0.17
4 chrl0 14355919 0.06 -0.01 -0.03 0.10 0.07 0.03 -0.11 LandUse 0.11
4 chrl0 14414067 -0.06 0.03 0.01 -0.05 -0.04 0.01 0.13 LandUse 0.13
4 chrl0 14415294 0.06 -0.09 0.22 0.18 -0.10 0.11 -0.17 precSeason 0.22
4 chrl0_ 14430487 -0.07 -0.03 0.01 0.01 -0.04 0.02 0.10 LandUse 0.10
4 chrl0_14439806 0.06 -0.06 0.10 0.09 -0.02 -0.01 -0.11 LandUse 0.11
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4 chrl0 14462197 -0.06 0.04 -0.08 -0.14 0.01 0.00 0.19 LandUse 0.19
4 chrl0_ 14475584 -0.06 -0.05 -0.05 -0.01 0.04 -0.04 0.08 LandUse 0.08
4 chrl0_ 14628900 0.06 0.12 -0.18 -0.07 0.05 -0.06 -0.13 precSeason 0.18
4 chrl0_8418666 -0.07 -0.06 -0.08 0.18 0.01 0.14 -0.03 precWQ 0.18
4 chrl0_ 8446512 -0.08 -0.02 -0.18 0.05 0.09 0.02 0.06 precSeason 0.18
4 chrl0_ 9041002 -0.06 0.06 -0.10 -0.09 0.05 0.00 0.17 LandUse 0.17
4 chrl0_ 9044433 -0.06 0.02 -0.02 -0.07 0.00 -0.04 0.06 precWQ 0.07
4 chrl0_9070584 0.06 0.06 -0.13 0.00 0.03 -0.05 -0.23 LandUse 0.23
4 chrl0_ 9070642 0.06 0.06 -0.13 0.00 0.03 -0.05 -0.23 LandUse 0.23
4 chrl0 9078157 0.06 0.07 -0.19 0.04 0.12 -0.03 -0.20 LandUse 0.20
4 chrl0_9085449 0.07 0.07 -0.11 0.03 0.08 -0.07 -0.16 LandUse 0.16
4 chrll 16990425 -0.06 0.00 -0.05 -0.09 -0.04 0.11 0.16 LandUse 0.16
4 chrl2_7901143 -0.07 -0.14 0.10 0.21 0.00 0.15 0.08 precWQ 0.21
4 chrl4 2632555 0.06 0.08 -0.16 -0.20 0.21 -0.32 0.03 SoilorgC 0.32
4 chrl4 2637001 0.06 -0.02 -0.04 0.06 0.07 -0.04 -0.07 LandUse 0.07
4 chrl4 2833375 -0.07 -0.15 0.13 0.03 -0.07 0.11 0.14 minTemp 0.15
4 chrl4 2836838 -0.08 -0.13 0.02 0.02 0.10 0.10 0.25 LandUse 0.25
4 chrl4 2837904 -0.07 -0.15 0.00 0.11 0.10 0.13 0.20 LandUse 0.20
4 chrl4 2844020 0.06 0.26 -0.01 -0.01 -0.09 -0.06 -0.23 minTemp 0.26
4 chrl4 3191934 0.06 0.03 0.03 0.07 0.01 -0.04 -0.11 LandUse 0.11
4 chrl4 3200622 -0.06 0.08 0.04 -0.11 -0.07 -0.06 0.12 LandUse 0.12
4 chrl5 8550227 -0.06 -0.10 -0.06 0.09 0.10 -0.02 0.06 precDQ 0.10
4 chrl5 8551715 -0.06 -0.04 0.01 -0.05 0.03 0.01 0.18 LandUse 0.18
4 chrl7_6033798 -0.06 0.03 0.00 -0.03 -0.02 0.05 0.14 LandUse 0.14
4 chrl7 7030364 -0.06 -0.06 0.02 -0.15 0.00 0.04 0.24 LandUse 0.24
4 chrl7_7056075 0.06 0.02 -0.10 0.20 0.09 -0.08 -0.31 LandUse 0.31
4 chrl7 7071574 0.06 0.08 -0.03 0.02 0.01 -0.03 -0.18 LandUse 0.18
4 chrl7_7239853 -0.06 -0.06 0.23 -0.01 -0.05 0.05 0.30 LandUse 0.30
4 chrl7_7909817 -0.06 -0.04 0.04 0.12 -0.08 0.22 0.03 SoilorgC 0.22
4 chrl7 7916208 0.06 0.10 0.08 0.05 -0.02 -0.13 -0.13 SoilorgC 0.13
4 chrl7_8062409 -0.06 0.01 0.14 0.02 -0.13 -0.02 0.09 precSeason 0.14
4 chr2_101936788 0.06 0.13 -0.10 -0.14 0.07 -0.17 0.10 SoilorgC 0.17
4 chr2_107677712 0.06 -0.12 0.07 0.16 0.05 0.09 -0.06 precWQ 0.16
4 chr2_117744943 0.06 -0.01 -0.07 0.22 0.09 -0.01 -0.19 precWQ 0.22
4 chr2_117755910 0.06 0.03 -0.03 0.28 -0.01 0.05 -0.25 precWQ 0.28
4 chr2_124534594 -0.06 -0.01 0.11 -0.08 -0.15 0.13 0.14 precDQ 0.15
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4 chr2_138249521 -0.07 -0.03 0.04 -0.14 -0.02 0.04 0.22 LandUse 0.22
4 chr2_138261275 -0.06 -0.03 0.07 -0.14 -0.04 0.03 0.19 LandUse 0.19
4 chr2_138273548 -0.06 -0.06 -0.01 -0.05 0.00 0.04 0.14 LandUse 0.14
4 chr2_138279828 -0.07 0.02 0.02 -0.24 -0.09 0.02 0.20 precWQ 0.24
4 chr2_138285456 -0.08 -0.05 0.06 -0.14 -0.07 0.04 0.20 LandUse 0.20
4 chr2_138289606 -0.06 -0.12 -0.01 -0.04 0.03 0.05 0.14 LandUse 0.14
4 chr2_138289999 -0.08 -0.01 -0.05 -0.21 0.00 0.02 0.21 precWQ 0.21
4 chr2_139065120 -0.06 0.03 0.04 0.01 -0.06 0.03 0.07 LandUse 0.07
4 chr2_141370744 -0.07 -0.19 0.04 0.18 -0.04 0.23 0.02 SoilorgC 0.23
4 chr2_141386781 -0.06 -0.16 0.02 0.10 0.01 0.12 0.12 minTemp 0.16
4 chr2_79010957 0.07 0.23 -0.13 -0.07 0.05 -0.10 -0.16 minTemp 0.23
4 chr2_79024416 0.08 0.20 -0.18 -0.05 0.15 -0.18 -0.16 minTemp 0.20
4 chr2_79029493 0.07 0.14 0.19 0.27 -0.19 0.16 -0.28 LandUse 0.28
4 chr2_82079608 0.06 0.01 -0.10 0.08 0.10 -0.16 -0.18 LandUse 0.18
4 chr2_82421131 0.06 0.04 -0.08 0.09 0.07 -0.18 -0.22 LandUse 0.22
4 chr2_82801925 0.06 0.30 -0.18 -0.11 -0.09 -0.07 -0.19 minTemp 0.30
4 chr2_82806510 0.06 0.29 -0.18 -0.10 -0.09 -0.07 -0.20 minTemp 0.29
4 chr2_ 82818189 0.06 0.30 -0.17 -0.11 -0.10 -0.07 -0.20 minTemp 0.30
4 chr2_82839244 0.06 0.30 -0.19 -0.10 -0.08 -0.06 -0.20 minTemp 0.30
4 chr2_82898529 0.06 0.03 -0.10 0.00 0.02 -0.11 -0.14 LandUse 0.14
4 chr2_82899418 0.06 0.28 -0.16 -0.08 -0.10 -0.04 -0.17 minTemp 0.28
4 chr2_88150231 -0.06 -0.13 -0.02 0.06 0.08 0.05 0.15 LandUse 0.15
4 chr2_99403133 -0.06 -0.08 0.05 -0.12 -0.07 0.08 0.15 LandUse 0.15
4 chr2l 4350665 0.07 -0.01 -0.03 -0.07 0.01 -0.01 -0.08 LandUse 0.08
4 chr2l 6586889 0.06 0.09 -0.06 -0.04 0.12 -0.21 -0.07 SoilorgC 0.21
4 chr2l 6765149 -0.06 -0.05 0.01 0.03 -0.02 0.06 0.08 LandUse 0.08
4 chr2l 6768465 -0.08 -0.13 -0.01 0.12 -0.03 0.13 0.05 SoilorgC 0.13
4 chr27 7122554 -0.06 -0.13 -0.06 -0.01 0.08 -0.06 0.12 minTemp 0.13
4 chr28 829783 0.06 -0.04 -0.07 0.17 0.10 -0.01 -0.14 precWQ 0.17
4 chr3 100431475 0.07 0.16 0.02 -0.05 0.02 -0.15 -0.04 minTemp 0.16
4 chr3_102789546 0.06 0.08 0.03 0.06 0.04 -0.04 -0.09 LandUse 0.09
4 chr3 102800999 0.06 0.08 0.05 0.06 0.03 -0.05 -0.11 LandUse 0.11
4 chr3 103130166 -0.06 -0.04 0.01 -0.08 -0.12 0.05 0.06 precDQ 0.12
4 chr3 103133548 -0.06 -0.04 0.00 -0.07 -0.11 0.05 0.06 precDQ 0.11
4 chr3 16666369 0.07 0.09 0.11 0.03 -0.10 0.01 -0.07 precSeason 0.11
4 chr3_16666427 0.06 0.12 0.21 -0.03 -0.10 -0.09 -0.02 precSeason 0.21
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4 chr3 99996874 0.07 0.16 -0.03 0.02 0.02 -0.10 -0.17 LandUse 0.17
4 chr4_27805454 -0.06 -0.02 -0.09 -0.11 -0.01 0.05 0.13 LandUse 0.13
4 chr4_40940247 0.06 0.06 -0.09 -0.13 0.06 -0.02 -0.03 precWQ 0.13
4 chr4_41000225 -0.06 0.05 -0.04 0.06 -0.01 -0.02 -0.08 LandUse 0.08
4 chr4 41000230 -0.06 0.05 -0.04 0.06 -0.01 -0.02 -0.08 LandUse 0.08
4 chr4 41000236 -0.06 0.05 -0.04 0.06 -0.01 -0.02 -0.08 LandUse 0.08
4 chr4_41000242 -0.06 0.05 -0.04 0.06 -0.01 -0.02 -0.08 LandUse 0.08
4 chr4_41068796 -0.06 0.00 0.02 0.05 -0.05 -0.02 -0.02 precDQ 0.05
4 chr4_82451385 -0.06 -0.08 -0.03 -0.04 0.03 0.03 0.12 LandUse 0.12
4 chr4_83790761 -0.06 -0.07 -0.11 0.16 0.19 -0.03 0.01 precDQ 0.19
4 chr4 88189134 0.06 0.07 -0.13 0.00 0.10 -0.10 -0.16 LandUse 0.16
4 chr4_89868144 -0.07 -0.23 0.11 0.10 -0.01 0.21 0.17 minTemp 0.23
4 chr4_89870632 -0.06 -0.17 0.08 0.08 0.05 0.19 0.19 LandUse 0.19
4 chr5_19472668 -0.06 0.02 0.01 -0.07 -0.08 0.03 -0.01 precDQ 0.08
4 chr5_19496481 0.07 0.01 -0.09 -0.11 0.13 -0.19 -0.01 SoilorgC 0.19
4 chr5_19541510 -0.06 -0.15 0.26 0.15 -0.16 0.23 0.12 precSeason 0.26
4 chr5_19548802 0.06 0.04 -0.03 -0.02 0.03 0.01 -0.03 minTemp 0.04
4 chr5_19550705 0.06 0.08 -0.15 -0.11 0.13 -0.10 0.03 precSeason 0.15
4 chr5_19552051 -0.08 -0.09 0.06 0.12 -0.02 0.09 0.06 precWQ 0.12
4 chr5_19554343 0.06 0.14 -0.31 -0.27 0.13 -0.24 -0.16 precSeason 0.31
4 chr5_19573070 -0.06 -0.11 0.20 0.19 -0.09 0.13 0.10 precSeason 0.20
4 chr5_19601002 -0.07 -0.13 0.06 0.12 0.01 0.10 0.16 LandUse 0.16
4 chr5_30830034 -0.07 -0.11 0.18 0.10 -0.09 0.15 0.11 precSeason 0.18
4 chr5_30830987 0.06 0.01 -0.04 0.15 0.00 0.00 -0.18 LandUse 0.18
4 chr5_30836679 -0.08 -0.25 -0.05 0.02 0.03 0.24 0.19 minTemp 0.25
4 chr5_30853881 -0.06 -0.11 0.07 0.08 -0.02 0.07 0.06 minTemp 0.11
4 chr5_30865734 0.06 0.06 -0.05 -0.02 0.01 -0.06 -0.10 LandUse 0.10
4 chr5_30866179 0.06 0.14 -0.03 -0.13 -0.01 -0.07 -0.02 minTemp 0.14
4 chr5_38318256 -0.06 -0.03 -0.09 -0.04 0.07 -0.04 0.05 precSeason 0.09
4 chr5_38441756 -0.06 0.02 0.03 -0.13 -0.07 -0.07 0.09 precWQ 0.13
4 chr5_48708049 -0.06 0.07 0.00 -0.01 -0.14 0.05 -0.02 precDQ 0.14
4 chr8 3107239 -0.07 -0.14 0.02 0.09 0.00 0.07 0.06 minTemp 0.14
4 chr8 3283167 -0.06 -0.16 0.04 0.18 0.00 0.19 0.05 SailOrgC 0.19
4 chr8_3300364 -0.06 -0.14 0.04 0.14 0.00 0.15 0.06 SailOrgC 0.15
4 chr8 3318996 -0.06 -0.16 0.10 0.19 -0.05 0.19 0.01 precWQ 0.19
4 chr8 3338714 -0.06 -0.18 0.03 0.11 -0.03 0.08 0.01 minTemp 0.18
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4 chr8_6342169 -0.07 -0.01 0.15 -0.05 -0.05 0.11 0.20 LandUse 0.20
4 chr8 6481351 0.06 0.12 0.21 0.09 -0.15 0.03 -0.17 precSeason 0.21
5 chrl_ 1329783 -0.06 0.07 -0.09 -0.03 0.03 -0.04 0.07 precSeason 0.09
5 chrl 1332114 0.06 -0.04 -0.05 0.02 0.08 -0.01 -0.11 LandUse 0.11
5 chrl 133839237 -0.06 0.06 -0.11 0.18 0.03 0.01 -0.08 precWQ 0.18
5 chrl 133845303 0.07 0.09 0.08 -0.05 -0.15 -0.06 -0.20 LandUse 0.20
5 chrl 146781584 -0.06 0.18 0.01 -0.20 0.06 -0.23 0.14 SoilorgC 0.23
5 chrl 177460567 0.06 -0.24 0.10 0.09 0.02 0.08 -0.03 minTemp 0.24
5 chrl_ 485373 -0.06 0.16 0.10 -0.13 -0.07 -0.14 0.09 minTemp 0.16
5 chrl 69960245 0.06 -0.05 -0.07 0.00 -0.03 0.09 -0.12 LandUse 0.12
5 chrl 69999819 -0.08 0.08 -0.05 0.01 0.11 -0.10 0.15 LandUse 0.15
5 chrl 71668364 -0.06 0.22 -0.31 -0.21 0.16 -0.23 0.08 precSeason 0.31
5 chrl0 11737471 -0.06 0.04 -0.05 0.06 0.08 0.00 0.10 LandUse 0.10
5 chrl0 11748993 0.06 -0.01 0.00 0.03 -0.09 0.15 -0.15 LandUse 0.15
5 chrl0_ 11756804 -0.06 0.04 -0.09 0.04 0.11 -0.04 0.09 precDQ 0.11
5 chrlQ 12773142 0.06 -0.11 0.04 0.09 -0.01 0.13 -0.03 SoilorgC 0.13
5 chrl0 13017263 -0.06 0.09 0.00 -0.14 0.02 -0.19 0.15 SoilorgC 0.19
5 chrl0_13032537 -0.06 0.17 -0.01 -0.17 -0.03 -0.10 0.16 minTemp 0.17
5 chrl0_ 13085516 0.08 0.02 -0.09 -0.14 -0.06 0.05 -0.09 precWQ 0.14
5 chrl0_ 13085896 0.07 0.04 -0.14 -0.14 -0.01 0.02 -0.09 precSeason 0.14
5 chrl0_13968283 -0.06 -0.07 -0.05 0.01 0.15 -0.01 0.18 LandUse 0.18
5 chrl0_ 14066105 -0.06 -0.02 0.02 -0.08 -0.02 -0.04 0.16 LandUse 0.16
5 chrl0_14068597 -0.06 -0.11 0.00 0.00 0.05 -0.05 0.12 LandUse 0.12
5 chrl0_14344058 0.06 -0.18 0.17 0.15 -0.10 0.22 -0.05 SoilorgC 0.22
5 chrl0 14347193 -0.07 0.17 -0.25 -0.10 0.23 -0.25 0.05 SoilorgC 0.25
5 chrl0_14577341 -0.06 -0.17 -0.05 0.05 0.09 -0.02 0.16 minTemp 0.17
5 chrl0_4096505 0.07 -0.03 0.10 0.12 -0.18 0.17 -0.24 LandUse 0.24
5 chrl0_8107262 0.06 -0.08 -0.12 0.11 0.13 0.07 -0.12 precDQ 0.13
5 chrl0_ 9073389 0.06 0.06 -0.05 -0.01 -0.01 -0.10 -0.23 LandUse 0.23
5 chrl0 9074234 -0.06 0.13 -0.12 -0.03 0.06 0.02 0.06 minTemp 0.13
5 chrl0_ 9591892 -0.06 -0.01 -0.06 -0.12 0.08 -0.15 0.20 LandUse 0.20
5 chrl0_ 9596232 -0.06 0.14 0.03 -0.15 0.00 -0.12 0.18 LandUse 0.18
5 chrl0_ 9602198 0.06 -0.10 -0.09 0.16 0.00 0.14 -0.23 LandUse 0.23
5 chrl0_ 9610040 0.06 -0.17 -0.14 0.06 0.09 0.06 -0.14 minTemp 0.17
5 chrl0 9929014 -0.08 0.07 -0.19 -0.17 0.16 -0.18 0.18 precSeason 0.19
5 chrl0_ 9989994 0.06 -0.04 0.10 0.20 -0.09 0.13 -0.25 LandUse 0.25
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5 chrll 19801888 -0.06 0.02 0.03 0.06 0.03 -0.06 0.09 LandUse 0.09
5 chrl3_15622363 0.06 0.04 0.19 -0.12 -0.16 -0.07 -0.04 precSeason 0.19
5 chrl4 5309155 0.06 -0.22 0.08 0.08 0.03 0.02 -0.08 minTemp 0.22
5 chrl4_5310564 0.06 -0.10 0.10 -0.05 -0.02 -0.07 -0.07 minTemp 0.10
5 chrl4 5314625 0.06 -0.10 0.09 -0.09 -0.02 -0.12 -0.07 SoilorgC 0.12
5 chrl4 5315870 -0.06 -0.01 -0.03 0.16 0.01 0.15 0.12 precWQ 0.16
5 chrl4 5319263 0.06 -0.19 0.18 0.19 -0.06 0.12 -0.13 precWQ 0.19
5 chrl5 10462608 0.06 -0.08 -0.01 0.23 0.01 0.14 -0.20 precWQ 0.23
5 chrl7_5923013 0.06 0.11 -0.11 -0.22 -0.06 -0.01 -0.09 precWQ 0.22
5 chrl7_7223488 0.07 0.03 0.05 0.12 -0.03 0.14 -0.15 LandUse 0.15
5 chrl7_7230401 0.07 -0.05 0.13 0.18 -0.10 0.19 -0.18 SoilOrgC 0.19
5 chrl7_7260060 -0.06 -0.03 0.08 0.09 0.07 0.07 0.21 LandUse 0.21
5 chrl7_7763240 -0.06 0.11 -0.05 0.02 -0.01 -0.12 0.01 SoilorgC 0.12
5 chrl7_7770840 -0.06 0.12 -0.17 -0.09 0.17 -0.25 0.02 SoilorgC 0.25
5 chrl7_7771595 0.06 -0.12 0.18 -0.06 -0.10 0.06 0.03 precSeason 0.18
5 chr19 1828639 -0.06 -0.04 -0.02 0.06 0.12 0.00 0.14 LandUse 0.14
5 chr2_102036673 -0.06 0.10 -0.01 -0.04 0.00 -0.09 0.08 minTemp 0.10
5 chr2_107670586 0.06 -0.02 -0.03 -0.09 -0.04 0.00 -0.13 LandUse 0.13
5 chr2_140384276 -0.07 -0.08 0.18 0.23 -0.05 0.15 0.14 precWQ 0.23
5 chr2_31675935 -0.06 -0.16 0.15 0.16 0.06 0.03 0.22 LandUse 0.22
5 chr2_31687703 -0.06 -0.16 0.18 0.15 0.04 0.03 0.23 LandUse 0.23
5 chr2_31710186 0.06 0.16 -0.16 -0.14 -0.05 -0.05 -0.26 LandUse 0.26
5 chr2_31711772 0.06 0.13 -0.16 -0.11 -0.04 -0.03 -0.24 LandUse 0.24
5 chr2_31712297 0.07 0.13 -0.15 -0.03 -0.05 0.02 -0.28 LandUse 0.28
5 chr2_31716689 0.06 0.15 -0.11 -0.23 -0.10 -0.07 -0.17 precWQ 0.23
5 chr2_31721970 0.06 0.15 -0.21 -0.16 0.00 -0.05 -0.19 precSeason 0.21
5 chr2_31723496 0.07 0.01 0.05 -0.07 -0.04 0.00 -0.14 LandUse 0.14
5 chr2_31725655 0.06 0.15 0.07 0.03 -0.15 0.03 -0.30 LandUse 0.30
5 chr21_ 3367906 -0.06 0.11 0.08 -0.07 -0.08 -0.18 0.06 SailOrgC 0.18
5 chr21_4166986 0.06 -0.15 0.02 -0.02 0.01 0.00 0.00 minTemp 0.15
5 chr23 5741035 0.06 0.01 0.04 0.02 -0.06 0.11 -0.12 LandUse 0.12
5 chr23_5742024 0.06 0.01 0.04 0.02 -0.06 0.11 -0.12 LandUse 0.12
5 chr23 5854584 0.06 0.01 0.04 0.02 -0.06 0.11 -0.12 LandUse 0.12
5 chr23 5858495 0.06 0.01 0.04 0.02 -0.06 0.11 -0.12 LandUse 0.12
5 chr23_5870583 0.06 0.01 0.04 0.02 -0.06 0.11 -0.12 LandUse 0.12
5 chr23_5875592 0.06 0.01 0.04 0.02 -0.06 0.11 -0.12 LandUse 0.12
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5 chr3_ 106170444 0.06 -0.15 0.04 0.14 0.02 0.11 -0.11 minTemp 0.15
5 chr3_ 106183584 0.06 -0.13 -0.03 0.16 0.08 0.09 -0.11 precWQ 0.16
5 chr3 51626845 0.06 -0.08 0.14 0.09 -0.09 0.06 -0.14 precSeason 0.14
5 chr3_72070901 -0.06 0.02 0.01 0.16 -0.05 0.10 0.06 precWQ 0.16
5 chr3_72074558 -0.06 0.00 0.05 0.21 -0.08 0.18 0.08 precWQ 0.21
5 chr3_72465046 -0.06 0.01 -0.04 -0.04 0.07 -0.06 0.17 LandUse 0.17
5 chr3_ 72534190 0.06 0.01 -0.07 -0.01 -0.03 -0.06 -0.21 LandUse 0.21
5 chr4 20363461 -0.06 -0.02 -0.06 0.04 -0.01 0.08 0.13 LandUse 0.13
5 chr4 20364134 -0.06 0.00 -0.08 0.06 0.05 -0.06 0.05 precSeason 0.08
5 chr4 20401325 -0.06 0.15 -0.17 -0.24 0.00 -0.09 0.20 precWQ 0.24
5 chr4 20405768 -0.06 0.15 -0.17 -0.24 0.00 -0.09 0.20 precWQ 0.24
5 chrd 20414170 -0.06 0.15 -0.17 -0.24 0.00 -0.09 0.20 precWQ 0.24
5 chr4 20426307 -0.06 0.02 -0.04 -0.09 0.04 -0.09 0.18 LandUse 0.18
5 chr4 51833641 -0.06 -0.05 0.05 -0.06 0.08 -0.03 0.22 LandUse 0.22
5 chrd 76289426 -0.07 0.15 0.09 -0.02 0.05 -0.06 0.12 minTemp 0.15
5 chrd 77478540 -0.06 0.13 0.02 -0.01 0.02 -0.02 0.08 minTemp 0.13
5 chr4 82876710 -0.07 0.09 0.15 -0.03 -0.07 -0.04 0.15 LandUse 0.15
5 chr4 83947352 -0.06 0.06 -0.25 -0.13 0.28 -0.17 0.12 precDQ 0.28
5 chr4 84638948 -0.06 -0.09 -0.18 0.08 0.20 -0.12 0.05 precDQ 0.20
5 chr4 84643310 0.06 0.04 0.31 0.00 -0.26 0.08 -0.06 precSeason 0.31
5 chr4 84645518 -0.06 0.04 -0.25 -0.07 0.28 -0.21 0.07 precDQ 0.28
5 chr4 86620030 -0.06 0.08 -0.03 -0.29 -0.04 -0.18 0.21 precWQ 0.29
5 chr4_86636826 0.06 0.04 -0.13 0.08 0.05 0.16 -0.13 SoilorgC 0.16
5 chr4 86637617 0.06 0.16 -0.23 -0.06 0.05 0.06 -0.14 precSeason 0.23
5 chr4 88172497 -0.06 0.21 -0.28 -0.32 0.14 -0.21 0.14 precWQ 0.32
5 chr4 88173584 -0.06 0.13 -0.24 -0.24 0.08 -0.09 0.15 precWQ 0.24
5 chr4 88176070 -0.06 0.25 -0.15 -0.26 0.04 -0.18 0.09 precWQ 0.26
5 chr4_88508395 -0.07 -0.10 -0.03 0.13 0.24 -0.08 0.16 precDQ 0.24
5 chr4 88515508 -0.06 -0.12 -0.03 0.28 0.18 -0.04 0.01 precWQ 0.28
5 chr4 88515727 -0.06 -0.02 -0.12 0.11 0.20 -0.17 0.00 precDQ 0.20
5 chr4 88516552 0.06 0.03 0.06 -0.04 -0.11 0.06 -0.07 precDQ 0.11
5 chr4 88520091 0.06 -0.03 -0.15 -0.04 0.12 0.03 -0.10 precSeason 0.15
5 chr4 88964291 0.06 -0.01 0.02 -0.06 -0.10 0.06 -0.06 precDQ 0.10
5 chr4 88974495 -0.06 0.13 -0.25 -0.20 0.14 -0.17 0.09 precSeason 0.25
5 chr5 11770052 0.06 -0.02 0.14 -0.09 -0.05 -0.02 -0.03 precSeason 0.14
5 chr5_19491957 0.06 -0.10 0.09 0.06 -0.07 0.18 -0.08 SoilorgC 0.18
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5 chr5_27541569 -0.07 -0.04 -0.12 -0.02 0.15 -0.10 0.14 precDQ 0.15
5 chr5_38442644 0.06 0.00 0.13 -0.03 -0.10 0.02 -0.11 precSeason 0.13
5 chr5_599713 -0.06 0.08 -0.15 -0.11 0.17 -0.20 0.06 SailOrgC 0.20
5 chr5_600083 -0.06 0.13 -0.29 -0.23 0.14 -0.18 0.10 precSeason 0.29
5 chr6_19152621 -0.06 0.03 0.03 -0.08 0.06 -0.14 0.13 SailOrgC 0.14
5 chr6_19198674 -0.06 0.03 0.06 -0.07 0.02 -0.07 0.14 LandUse 0.14
5 chr7_32487480 0.06 -0.01 0.07 -0.05 -0.01 0.04 -0.02 precSeason 0.07
5 chr7_32511488 0.06 -0.05 -0.03 -0.10 0.06 -0.08 -0.10 precWQ 0.10
5 chr7_32512010 -0.07 0.08 -0.01 -0.05 -0.02 -0.08 0.11 LandUse 0.11
5 chr7_32566048 -0.06 -0.07 -0.06 0.15 0.03 0.02 0.07 precWQ 0.15
5 chr7_32579990 -0.06 -0.02 0.05 0.22 -0.06 0.15 0.07 precWQ 0.22
5 chr7_34191572 0.06 0.00 0.22 0.00 -0.15 0.10 -0.03 precSeason 0.22
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Table S5.10. Allele frequencies by ecotype for selected outlier SNPs (RDA correlation > 0.3 -0.28) and correlation scores with mean
environmental values. (Mean value: corresponds to the average value of the environmental predictor for each ecotype. r: Pearson correlation value between
outlier SNP and mean value of environmental predictor for each ecotype. Correlation trend: best-adjusted trendline to describe correlation (pol (2nd): quadratic
polynomial function, pol (3rd): cubic polynomial function . RDA cor: RDA correlation between outlier SNP and predictor. *Allele frequencies above 0.7 are
indicated in bold style).

Allele frequencies by ecotype*
El E2 E3 E4 ES E6 E7 ES E9 | El10 | E11 | E12 r CO;:ZLB‘;'O” RDA cor

@ Mean value (bio6) | 55.64 69.80 9853 61.67 87.32 1161 1825 1145 7353 1055 1041 1129
= chrl4 2834643 C.T | 063 070 079 072 074 088 040 081 089 080 065 090 | 0.85 | pol(3rd) 0.36
g€ S chr5_49525047 T.C | 001 000 011 000 016 026 000 003 000 000 000 000 | 039 | pol(3rd) 0.34
% py chrl4 2839546 G A | 032 038 063 025 055 051 018 067 050 040 040 055 | 0.81 | pol(3rd) 0.33
2 g S | chrl 132053669 A G | 033 058 066 0.63 066 067 028 067 071 070 045 055 | 0.75 | pol (3rd) 0.31
3 S chr2_78280162 C.T | 050 063 087 075 066 082 055 083 079 070 095 080 | 076 | pol(3rd) 0.31
g = chr2_78280175. T.C | 050 063 087 075 066 082 055 083 079 070 095 080 | 076 | pol(3rd) 0.31
=} chr4_88536330 G A | 035 040 063 034 029 066 023 033 055 040 030 060 | 096 | pol(3rd) 0.31

> Mean value (biol5) | 8741 105 7142 909 503 82.61 1058 1037 141 1369 8481 1216
E chr20_4183810_G_A | 004 000 011 003 034 012 003 000 003 000 000 000 | 091 | pol(2nd) | 0.39
% = % chrl7 6740515 C. T | 0.03 000 011 009 045 002 000 003 000 005 000 000 | 022 | pol(2nd) | 0.38
532 S chr4_84643310 T.C | 0.06 020 013 031 003 016 020 033 032 050 005 015 | 071 lineal 031
E eg chrl_71668364_C_T | 019 003 005 006 042 038 003 011 011 010 005 020 | 032 | pol(2nd) | 0.1
S chr5_19554343 A T | 032 035 087 031 08 055 055 058 039 040 075 040 | 063 | pol(2nd) | 031
a chrl0 9402417 C T | 056 048 039 053 042 026 045 061 076 075 040 070 | 087 | pol(2nd) | 0.30
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El | E2 | E3 | E4 | E5 | E6 | E7 | E8 | E9 | El0 | E11 | E12 r CO;::L"‘;'O” Rc'arA

Mean value (biol6) | 1050 970 4283 758 505 3622 770.1 1089 4588 480.7 529.3 767.5
chr2 117749087 T .C | 029 020 000 003 008 001 003 019 000 000 000 010 | 065 | pol (2nd) 0.42
= chr2_140301053 C_T | 0.74 095 047 072 039 056 083 094 053 065 085 080 | 060 | pol(2nd) 0.37
5 chr2_140313253 T.C | 0.74 095 047 072 039 056 083 094 053 060 085 080 | 060 | pol(2nd) 0.36
& | chrl0 13599109 C G | 0.60 0.48 008 044 026 017 053 047 042 040 030 050 | 059 | pol (2nd) 0.35
e = chrll 16972959 C G | 0.85 0.90 050 0.63 076 043 053 092 089 085 075 090 | 049 lineal 0.33
533 chr4_3627776_T_C | 003 008 008 003 021 030 010 000 026 020 015 000 | 057 | pol(2nd) 0.33
Eé é chr4_88172497 C._ T | 0.40 020 061 063 061 068 040 033 045 015 075 065 | 057 | pol (2nd) 0.32
3 5 chr2_140379965_ A G | 0.19 005 047 006 042 032 015 011 042 040 015 010 | 056 | pol (2nd) 0.31
g chr21 4353990 C G | 071 078 092 097 097 096 098 094 095 100 100 095 | 056 | pol (2nd) 0.31
8 chr20 4173643 AT | 000 0.00 008 006 021 013 003 000 011 000 000 0.00 | 060 lineal 0.31
& chr4 82439583 T C | 0.36 038 005 0.09 013 007 013 008 008 015 015 020 | 060 lineal 0.31
chr5_7508595 C T | 097 1.00 084 100 079 077 093 097 092 100 095 100 | 055 | pol (2nd) 0.31
chr2_140367628_ A G | 0.99 098 084 100 068 079 088 100 092 100 100 1.00 | 055 | pol (2nd) 0.30

g Mean value (biol7) | 79.97 248 37.89 59.2 116 4278 461 1155 942 196 7272 113
" E chrl_197483358_A_G | 0.17 0.05 000 000 026 002 003 000 003 000 005 005 | 0.61 | pol(2nd) 0.37

o <

ZCc chrl9_1816989_G_A | 015 0.10 0.00 003 039 010 008 000 008 000 005 005 | 059 | pol(2nd) 0.34
E%E% chrl_118390274_ T _C | 046 023 016 013 058 037 018 017 029 010 010 015 | 054 | pol (2nd) 0.30
gvg chr8_24798255_C_T | 029 023 011 022 026 002 005 000 005 005 010 005 | 0.70 lineal 0.30
S chr20_1187011_ A_.C | 011 008 003 013 029 000 005 003 011 020 010 000 | 054 | pol(2nd) 0.29
a chr20_1187011. A C | 047 023 018 0413 058 038 018 017 032 010 015 0.0 | 054 | pol (2nd) 0.29
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El | E2 | E3 | E4 | E5 | E6 | E7 | E8 | E9 | E10 | E11 | E12 r Co;:i'na;'on RDA cor

Mean value (Soil) 1301 139 1091 140 719 1131 1274 1235 1139 111 1246 1057
chr3 16891572 C T 006 010 011 006 058 010 000 008 000 010 000 005 | 0.64 | pol (2nd) 041
chrl 23141490 G A 018 018 037 025 076 032 010 011 024 030 005 020 | 064 | pol(2nd) 0.40
chr8 6198062 A G 096 100 087 100 071 093 098 100 100 090 100 095 | 062 | pol(2nd) 0.38
chr7 30965068 C T 001 008 003 003 037 007 000 006 000 005 000 005 | 0.6 | pol(2nd) 0.38
chr19 1819556 A G 004 005 011 022 050 024 008 006 016 000 005 015 | 0.61 | pol (2nd) 0.37
chr7 34948717 G A 004 015 008 003 053 009 003 006 011 010 000 015 | 061 | pol(2nd) 0.37
chrl4 6201610 C T 076 065 066 072 029 059 08 08L 050 065 075 060 | 060 | pol(2nd) 0.36
chr5 35557653 G A 001 003 003 006 032 007 000 006 003 000 000 005 | 0.60 | pol(2nd) 0.36
chrl 132947694 G A | 006 008 026 022 047 024 020 003 013 025 000 025 | 059 | pol(2nd) 0.35
= chrl9 1830033 T A 010 005 013 009 037 020 008 003 005 000 005 010 | 058 | pol(2nd) 0.34
2 chrl 132951411 G A | 010 008 013 009 045 022 010 003 013 010 000 010 | 058 | pol (2nd) 034
w 3 chrl 23164664 C T 001 005 003 006 032 010 003 000 008 010 000 015 | 058 | pol (2nd) 0.33
s chr5 19564424 C T 001 005 005 000 026 002 000 000 008 015 000 005 | 058 | pol(2nd) 0.33
2R chrl 118539067 A G| 011 000 011 003 037 012 000 000 021 015 000 010 | 058 | pol(2nd) 0.33
28 chrl0 7190022 G A 004 000 003 000 026 007 000 000 011 005 005 005 | 058 | pol(2nd) 0.33
35 chrl 118502383 T C 011 000 011 003 037 012 000 000 021 010 000 010 | 057 | pol(2nd) 0.33
= chrl 132950294 A C | 081 083 053 075 029 054 073 08 071 070 100 075 | 057 | exponential 0.33
= chr5 39594296 T C 001 003 013 009 037 013 013 003 013 035 005 000 | 057 | pol(2nd) 0.33
@ chrl4 2632555 C T 000 000 003 003 024 011 000 003 008 000 000 000 | 057 | pol(2nd) 0.32
chrl4 6200065 A T 006 013 011 013 047 018 013 008 011 015 010 020 | 057 | pol(2nd) 0.32
chrl4 6200159 T C 006 013 011 013 047 013 013 008 011 015 010 020 | 057 | pol(2nd) 0.32
chr7 30967748 A G 000 008 003 000 029 020 005 000 008 005 000 000 | 057 | pol(2nd) 0.32
chrl 23140159 T C 006 003 008 003 029 004 000 000 011 000 000 005 | 055 | pol(2nd) 031
chr6 28550216 G A 004 010 016 013 034 018 003 008 016 000 000 005 | 055 | pol(2nd) 031
chr9 17960492 C T 044 063 068 066 018 051 070 064 042 060 075 055 | 055 | pol(2nd) 031
chr3 38560061 T C 003 005 013 006 032 012 008 003 005 020 000 000 | 055 | pol(2nd) 031
chri4 6200496 G A 006 013 018 016 050 015 015 017 011 020 010 020 | 055 | pol(2nd) 0.30
chrl 23065714 A G 006 003 013 009 034 004 000 006 008 005 005 015 | 055 | pol(2nd) 0.30
chr2 126471892 A G| 0.00 000 003 006 029 007 005 006 005 000 020 010 | 055 | pol(2nd) 0.30

. Mean value (LandUse) | 32.85 11.6 1218 383 25 3224 3752 133 3819 2919 3813 3422
g o chr17 7056075 A C 010 028 005 003 026 007 008 031 003 000 005 000 | 073 lineal 031
= chri7 7239853 G A 051 033 021 044 039 038 038 025 068 065 050 060 | 0.70 lineal 0.30
3 e chr2 31725655 T C 017 043 039 006 016 021 005 039 016 055 005 015 | 054 | pol (2nd) 0.30
ER chr2 31712297 A G 019 045 039 006 024 028 003 031 013 030 005 005 | 053 | pol(2nd) 0.28
chr2 79029493 G T 018 030 008 013 005 016 010 064 011 030 025 025 | 053 | logarithmic | 0.28
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Table 5S.11. Enrichment analysis for genes overlapping selected RDA outliers (RDA correlation > 0.3 -0.28).

Supplementary Tables

Input Background Corrected
#Term ID nunr:ber nur%lber P-Value P-Value Input
Insulin signalling pathway gga04910 2 121 0.007905505 0.044152659 SREBF1|MTOR
Herpes simplex virus 1 infection gga05168 2 150 0.011860285 0.044152659 MAVS|MTOR
Pantothenate and CoA biosynthesis gga00770 1 15 0.017303699 0.04905688 PANK2
Glycosaminoglycan biosynthesis - heparan sulphate / heparin gga00534 1 24 0.02691013 0.058719679 HS6ST2
minTemp Folate biosynthesis gga00790 1 28 0.03115061 0.060754737 SPR
bio6 Autophagy - other 0ga04136 1 28 0.03115061 0.060754737  MTOR
Proteasome gga03050 1 35 0.038528733  0.065809948 PSMD3
Steroid hormone biosynthesis gga00140 1 37 0.040626825 0.066900461 CYP19A1
Cytosolic DNA-sensing pathway gga04623 1 44 0.047935536 0.07405771 MAVS
Metabolic pathways gga01100 4 1290 0.049727782  0.074749014  SPR|PANK2J|AGK|CYP19A1
Wnt signalling pathway 0ga04310 2 141 0.020706731  0.081166572  CTBP1|LRP6
precSeasonality | Pantothenate and CoA biosynthesis gga00770 1 15 0.02452847 0.082076033 PANK2
biol5 One carbon pool by folate gga00670 1 17 0.027553059 0.085611291 MTHFS
Citrate cycle (TCA cycle) gga00020 1 28 0.044025899  0.098909842 DLST
Retinol metabolism gga00830 2 39 0.002601209  0.081382196 LRAT|RDH10
precWQ Adrenergic signalling in cardiomyocytes gga04261 2 128 0.023985025 0.083437269 CACNA2D3|PPP2R5C
biol6 Pantothenate and CoA biosynthesis gga00770 1 15 0.029096651 0.084168328 PANK2
One carbon pool by folate gga00670 1 17 0.03267504 0.084723484 MTHFS
Glycosaminoglycan biosynthesis - heparan sulphate / heparin gga00534 1 24 0.045098193 0.09514264 HS6ST2
Focal adhesion gga04510 3 189 0.003785831 0.05314209 PTEN|VAV2|CRKL
Adipocytokine signalling pathway 0ga04920 2 64 0.005224917 0.05314209 MTOR|RXRA
ErbB signalling pathway gga04012 2 78 0.007587442 0.05314209 MTOR|CRKL
Autophagy - animal gga04140 2 117 0.016197992 0.05314209 PTEN|MTOR
precDQ Insulin signalling pathway gga04910 2 121 0.017239395 0.05314209 MTOR|CRKL
biol7 mTOR signalling pathway gga04150 2 140 0.022560194  0.055918007 PTEN|MTOR
Cellular senescence gga04218 2 143 0.02345512 0.057330648 PTEN|MTOR
Arginine biosynthesis gga00220 1 17 0.029019397  0.061769859  ASS1
Regulation of actin cytoskeleton gga04810 2 190 0.039272502 0.07283138 VAV2|CRKL
Autophagy - other gga04136 1 28 0.046347778 0.077885176 MTOR
Synthesis and degradation of ketone bodies gga00072 1 10 0.019190239 0.097854102 HMGCL
LandUse Steroid biosynthesis gga00100 1 17 0.031214529 0.099734228 CEL
Butanoate metabolism gga00650 1 24 0.043094875 0.11069468 HMGCL
Folate biosynthesis gga00790 1 28 0.049819664 0.113502191 SPR
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Supplementary Figure S2.1. Cross-validation showing K=3 as the best value
explaining ancestry for the 25 Ethiopian chicken population investigated.
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Supplementary Figure S2.2. Distribution of haplotype blocks (LD blocks) based on
the number of SNPs per block in 6 population groups.
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Supplementary Figures

Figure S3.1. Shapiro-Wilk normality test of the agro-ecological studied variables
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Supplementary Figures
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Figure S4.1. Histograms of [XP-EHH| values in windows in different analyses
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Figure S4.2. Histograms of ZFst values in windows in different analyses
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Supplementary Figures

Figure S4.3. Correlation between (ZFst) and (JXP-EHHY|) signature of selection results
across analyzed environmental population groups. A: minTemp, rs = 0.33, P < 2.2e-
16; B: precSeasonality, rs = 0.34, P < 2.2e-16; C: precWQ, rs =0.31, P < 2.2e-16; D:
precDQ, rs = 0.38, P < 2.2e-16; E: SoilOrgC, rs = 0.33, P < 2.2e-16, and F: LandUse,
rs = 0.38, P < 2.2e-16).
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Figure S4.4. Mean percentage relative humidity in different populations in the wettest
and driest quarter.
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Supplementary Figures

Figure S5.1a Histograms of ZHp values in windows in different ecotypes
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Supplementary Figures

Figure S5.1b Histograms of iHS values in windows in different ecotypes
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Supplementary Figures

Figure S5.2 Correlation between Hp and mean unstandardized iHS values by ecotype
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Supplementary Figures

Figure S5.3 Correlation between Z(Hp) and mean standardized iHS values by ecotype

cotrelation ZHp / mean_absIHS_std_ecol correlation ZHp / mean_absIHS_std_eco2 correlation ZHp / mean_absIHS_std_eco3
- . 3
. R--028,p<22e-16 3 R=-018,p<22e-16 . R=-017,p<22-16 .
.. 1)
3 y [
:.:!'."x\—.n oo b B
o o g
£
N2
1
0
50 25 00 25 5 ) 2 2 4
mean_absIHS_std mean_absIHS_std
correlation ZHp / mean_absIHS_std_eco4
R--0.16,0<22¢-16 o ° = o o . .
® .
Y
D
2
o
£
N
1
0
-50 -25 0.0 25 -5.0 25 0.0 25 -2.5 0.0 25
mean_absIHS _std mean_absIHS_std mean_absIHS _std
correlation ZHp / mean_absIHS_std_eco7 correlation ZHp / mean_absIHS_std_ecod correlation ZHp / mean_absIHS_std_eco9
. . .
3 R=-0.19,p<22e-16 o PP R--02,p=<22e-16 . R=-018,p<22e-16 .
O e g e
e
o \
2
a
£
B
1
0 o .
-4 -2 0 2 -4 -2 o 2 -4 -2 o 2 4
mean_absIHS_std mean_absIHS_std mean_absIHS_std
correlation ZHp / mean_absIHS_std_eco10 correlation ZHp / mean_absIHS_std_ecoi1 correlation ZHp / mean_absIHS_std_ecoi12
R=_0.052 pe22e-16 ¢ . 4 R--02 pe22e-16 R=—011,p«2.216 . ‘:.-
.
[
2 3
o o
N N2
1
1
° ’ 43
) 2 3 4 2 2

[ 0.0
mean_absIHS_std mean_absIHS_std mean_absIHS _std



