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RUNNING HEAD: Low homozygosity in Spanish sheep
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Abstract

The population of Spanish sheep has decreased from 24 to 15 million heads in
the last 75 years due to multiple social and economic factors. Such demographic
reduction might have caused an increase in homozygosity and inbreeding, thus limiting
the viability of local breeds with excellent adaptation to harsh ecosystems. The main
goal of our study was to investigate the homozygosity patterns of 11 Spanish ovine
breeds and to elucidate the relationship of these Spanish breeds with reference
populations from Europe, Africa and the Near East. By using Ovine SNP50 BeadChip
data retrieved from previous publications, we have found that the majority of studied
Spanish ovine breeds have a close genetic relatedness with other European populations;
the one exception is the Canaria de Pelo breed that is similar to North African breeds.
Our analysis has also demonstrated that, with few exceptions, the genomes of Spanish
sheep harbor fewer than 50 runs of homozygosity (ROH) with a total length of less than
350 Mb. Moreover, the frequencies of very long ROH (> 30 Mb) are very low, and the
inbreeding Froy coefficients are generally small (Froy < 0.10), ranging from 0.008
(Rasa Aragonesa) to 0.086 (Canaria de Pelo). The low levels of homozygosity observed
in the 11 Spanish sheep under analysis might be due to their extensive management and

the high number of small to medium farms.

Keywords: ROH, homozygosity, sheep, demographic history, inbreeding.
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Introduction

The abundance of single nucleotide polymorphisms (SNPs) throughout the
genome and the availability of high density SNP arrays has enabled estimates of the
impact of evolutionary forces that tend to increase genome-wide homozygosity in
domestic populations (Wang et al., 2014; Peripolli et al., 2017; Ceballos et al., 2018). A
common approach to achieve this goal of estimating evolutionary impact consists of
identifying continuous homozygous segments i.e. runs of homozygosity (ROH) and
estimating their frequencies, genomic coverage and size distribution (Peripolli et al.,
2017; Ceballos et al., 2018). The identification and study of ROH has been used to
make inferences about the population history and demography of sheep breeds (Purfield
et al., 2017; Mastrangelo et al., 2018). Moreover, Purfield et al. (2017) analyzed six
commercial ovine breeds and found that long (>15 Mb) and very long (>20 Mb) ROH
were quite uncommon and that the average proportion of the autosomal genome covered
by ROH (Fron) was generally lower than 10%. Similar patterns were observed in Italian
sheep breeds (Mastrangelo et al. 2018), with Fropy coefficients between 1.6%
(Comisana) and 9.9% (Valle del Belice) and low frequencies of very long ROH (> 25
Mb).

Many local Spanish breeds have suffered strong population reductions due to
competition with more productive breeds and the gradual abandonment of rural
activities. In Spain, 44 autochthonous sheep breeds have been officially recognized, and
34 of them are under special protection because they have a low or moderate population
size (https://www.mapa.gob.es/es/ganaderia/temas/zootecnia/razas-ganaderas/razas/
catalogo/). In a previous study, Manunza et al. (2016) characterized the diversity of

eleven ovine Spanish breeds and detected several putative selective sweeps on ovine
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chromosomes 3, 6 and 13. Here, we aimed to analyze the patterns of homozygosity of
these eleven sheep breeds to make inferences about their demographic history.
Specifically, we were interested in investigating whether breeds under special protection
show increased levels of homozygosity and inbreeding because of their limited
population size. To achieve this goal, we used data previously published by Manunza et
al. (2016) as well as data from the International Sheep Genomics Consortium

(http://www.sheephapmap.org/).

Materials and methods

Animal material and genotyping data

We did not generate novel genotypic data in the current experiment. In contrast,
we used previously published Illumina Ovine SNP50 BeadChip data from 141 sheep
corresponding to the Segurefia (N = 12), Xisqueta (N = 24), Ripollesa (N = 24), Gallega
(N =25), Canaria de Pelo (N =27), and Roja Mallorquina (N = 29) breeds (Manunza et
al., 2016). Genotypic data from 279 sheep belonging to the Ojalada (N =24), Castellana
(N =23), Rasa Aragonesa (N = 22), Churra (N = 120) and Latxa (N =90) breeds
provided by the International Sheep Genomics Consortium
(http://www.sheephapmap.org/) were also included. These 11 Spanish sheep breeds are
used for the production of meat, milk and wool (Supplementary Table 1).

The population structure analysis (principal component analysis and Admixture)
comprised the 11 Spanish breeds mentioned before as well as 28 ovine populations from
the following regions: (1) Europe: Italy (Altamurana, N = 24; Comisana, N = 24),
Switzerland (Swiss White Alpine, N = 24), Greece (Chios, N = 23), Cyprus (Cyprus fat

tail, N = 30), France (Milk Lacaune, N = 103; Meat Lacaune, N = 78, Rambouillet, N =
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102) and Germany (Merino Landschaf, N = 24; East Friesian, N = 48); (2) Africa:
Egypt (Barki, N = 13), a pool of Algerian breeds (Barbarine, N = 5; Berber, N = 6;
D’men, N = 5; Hamra, N = 6; Ouled-Djellal, N = 6, Rembi, N = 6; Sidaoun, N = 6 and
Tazegzawt, N = 6), Kenya (Red Maasai, N = 45) and Ethiopia (Menz, N = 34); (3) Near
East: Iran (Afshari, N = 37; Moghani, N = 34; Nordus, N = 20; Qezel, N = 35) and
Turkey (Karakas, N = 18; Sakiz, N = 22); and (4) Oceania: Australia (Australian
Merino, N= 50). Data from the European, Near Eastern, Australian and African breeds
(with the exception of the Algerian breeds) were available in the web of the
International Sheep Genomics Consortium (http://www.sheephapmap.org), while data
from Algerian sheep (Gaouar et al., 2017), were retrieved from the Dryad repository
(https://datadryad.org/resource/doi: 10.5061 /dryad.hOh8d). All individuals (N = 1,254)

had been genotyped with the Ovine SNP50 BeadChip (Illumina).

Quality control of the genotypic data

The PLINK v. 1.90 software (Chang et al., 2015) was employed to filter SNPs
and individuals. We removed SNPs mapping to sex chromosomes as well as those
displaying minor allele frequencies equal to or lower than 1% and genotype call rates
lower than 95%. We also eliminated markers showing strong departures from the
Hardy-Weinberg equilibrium (P-value < 1.10®) because there is evidence that a
significant fraction of SNPs showing such departures correspond to genotyping errors
attributable to the existence of structural variation ( Chen et al., 2017). Individuals with

more than 10% invalid SNP genotypes were also excluded from further analyses.
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Genetic diversity and population structure analyses

Expected and observed heterozygosities per breed were calculated with PLINK
v. 1.90 (Chang et al., 2015). The Arlequin software v. 3.1 (Excoffier et al., 2007) was
used to estimate pairwise Fsr coefficients between all pairs of breeds. We used PLINK
v. 1.90 to perform a weighted principal component analysis (WPCA) which corrects for
unbalanced population sizes (Burgos-Paz et al., 2014). The correction for sample size
consisted of adding multiple copies of the individuals from each population until their
contribution to the samples was approximately equivalent, and then a standard principal
component analysis was carried out (Burgos-Paz et al. 2014). A clustering analysis with
Admixture v. 1.3.0 (Alexander et al., 2009) was also carried out by considering K-
values from 2 to 37. The most likely K-value was the one with the lowest cross-
validation error (Alexander & Lange, 2011). The SNeP v. 1.1 software (Barbato et al.,
2015) was used to estimate the magnitude of the effective population size (N.) of the
Spanish breeds in the last 225 generations by considering a generational interval of 4
years. The reason for choosing this scale of time is that the concept of breed is relatively
recent i.e. the first recognized ovine breed was Merino (Ciani et al., 2015), which was

developed in the late Middle Ages (11"-14"™ centuries).

Detection of runs of homozygosity

The software PLINK v. 1.90 (Chang et al., 2015) was employed to detect ROH
in eleven Spanish sheep breeds. The scanning window encompassed 50 SNPs, and the
maximum number of heterozygous SNPs per window was set to one. The maximum
number of missing SNPs per window was set to two, and the minimum scanning

window hit rate was set to 5%. The minimum length of ROH was fixed to 1000 Kb to
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minimize the detection of spurious ROH. The minimum number of SNPs that

constituted a ROH (/) was calculated with the method proposed by Lencz et al. (2007):

log, «a

Nsxn;

[ =
log, (1 — het)

where ny is the number of SNPs per individual, n; is the number of individuals, a is the
percentage of false positive ROH (set to 0.05) and het is the mean SNP heterozygosity
across all SNPs. The density of SNPs was set to one SNP for each 100 Kb, and a
maximum distance of 250 Kb was allowed between two consecutive SNPs. We
considered four ROH categories that were defined according to ROH length: 1-5 Mb, 5-
15 Mb, 15-30 Mb and >30 Mb. For each category, the mean sum of ROH per breed was
calculated by adding all ROH detected in a given individual. These individual totals
were averaged within breeds. Following McQuillan et al. (2008), the inbreeding
coefficient based on ROH (Fron) was estimated as the total length of ROH (Lrogn)
divided by the length of the genome covered by SNPs (L,y):

z LROH

Lauto

Frou=

Summary statistics for the total ROH found in Spanish sheep breeds were
estimated, and Pearson correlations between current population size and average ROH

length or mean number of ROH per breed were computed with R (R Core Team, 2018).

Identification of ROH hotspots
Regions of the genome most commonly associated with ROH (ROH hotspots)
were identified by counting the occurrences of each SNP within a given ROH, and the

identification of ROH hotspots was performed across breeds. Regions containing the
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top 1% of SNPs most commonly associated with ROH were classified as ROH hotspots
(Purfield et al., 2017; Mastrangelo et al., 2018). The BioMart tool from the Ensembl
database (Kinsella et al., 2011) was used to identify genes mapping to ROH hotspots
based on the annotations of the ovine Oar_v3.1 reference genome (Archibald et al.,
2010). Functional annotation of the genes was performed with the DAVID
bioinformatics resources 6.8 database (Huang et al. 2009a’b) and the UniProt database
(Chen et al., 2017). An enrichment score of 1.3 was set as the threshold for establishing

cluster significance (Huang et al., 2007).

Results

Population structure and effective population size

After filtering the data, 41,491 SNPs and 1,204 sheep were selected to perform
the population structure analyses. The expected (H.) and observed (H,) heterozygosities
reached similar values in all breeds (Supplementary Table 2). The H, values ranged
from 0.31 (Sakiz) to 0.38 (Rasa Aragonesa), whereas H, oscillated between 0.30 (East
Friesian) and 0.39 (Rasa Aragonesa). The broad majority of Fsr values were low (Fst =
0.00-0.05) or moderate (Fst = 0.05-0.15) indicating the absence of a strong population
structure (Figure 1A, Supplementary Table 2). This observation was also valid for the
comparison between Spanish and North African breeds, which showed a moderate
genetic differentiation (the average Fst between Spanish and North African breeds was
0.047). Two of the breeds showing the highest levels of genetic differentiation were
East Friesian and Canaria de Pelo, with averaged Fsr values of 0.156 and 0.107 (when

compared to other breeds), respectively.
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The population structure of the eleven Spanish ovine breeds analyzed in the
current work was previously reported by Manunza et al. (2016). We repeated this
analysis in our study by adding data from sheep from North Africa (Egypt and Algeria),
Europe (Italy, Switzerland, France, Germany, Greece and Cyprus), the Near East (Iran
and Turkey) and Oceania (Australia). The wPCAs shown in Figure 2 (all populations)
and Supplementary Figure 1 (only European populations) indicated that breeds
generally clustered according to their geographic origin. Indeed, the majority of Spanish
breeds grouped with the European breeds. Of note, Roja Mallorquina and Canaria de
Pelo sheep were separated from the main European cluster (Figure 2), and the distance
between Canaria de Pelo and North African breeds was smaller than that between
Canaria de Pelo and the main European cluster. We also observed that the Latxa breed
showed a closer affinity to Lacaune and Merino Landschaf breeds than to other Spanish
ovine populations. Two Greek breeds, Chios and Cyprus fat tail, showed a high
similarity to Near Eastern breeds, a result that could be attributed to the short
geographic distance between Turkey and the islands of Chios and Cyprus.

The ancestry of each animal was analyzed by using Admixture. The K-value
with the lowest cross-validation error corresponded to K = 33 (Supplementary Figure
2), showing that the most likely number of ancestral populations agrees well with the
true number of populations (N = 33). This analysis indicated that the genetic
background of the eleven Spanish breeds is remarkably complex and that the two
insular breeds (Roja Mallorquina and Canaria de Pelo) show a marked genetic
distinctiveness when compared to their Spanish peninsular counterparts (Figure 1B,
Supplementary Figures 3 and 4). In all Spanish ovine breeds, the effective population
size (N.) decreased over time (Figure 3). The largest historical N, corresponded to the

Churra, one of the studied Spanish sheep breeds with the largest current population size.
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The contemporary N, (13 generations ago) oscillated between 59 in Segurefia and 194

in Churra (Figure 3).

Abundance and length of runs of homozygosity.

In total, 5,540 ROH of varying lengths were detected in the 11 Spanish sheep
breeds. The average number of ROH per individual was 16.05, and the average number
of ROH per breed ranged from 2.45 in Rasa Aragonesa to 32.66 in Canaria de Pelo
(Table 1). The longest ROH measured 55.89 Mb, the shortest one 1.98 Mb, and the
average ROH length was 6.104 Mb. The majority of sheep had less than 50 ROH, and
the total ROH length was below 350 Mb, showing low levels of homozygosity. Only a
few individuals from the Gallega, Churra and Canaria de Pelo breeds showed higher
numbers of ROH as well as longer fractions of their genomes covered by ROH (Figure
4, Supplementary Figure 5).

The length of ROH analysis showed that the majority (4,569 ROH) were shorter
than 10 Mb, while only 971 were longer than 10 Mb. A total of 2,809 ROH were shorter
than 5 Mb, 2,335 had a length between 5 and 15 Mb, 368 measured between 15-30 Mb
and only 28 were longer than 30 Mb (Figure 5). When we calculated the correlations
between the current population size of the 11 Spanish sheep breeds and the average
length of ROH and the mean number of ROH per individual, we obtained values of
-0.557 (P-value = 0.07) and -0.475 (P-value = 0.13), respectively. The inbreeding Fron
coefficients, which indicate the proportion of the autosomal genome covered by ROH,
were generally low to moderate (Frop < 0.10) and displayed some level of variation
across breeds (Table 1 and Figure 6) i.e. from 0.008 (Rasa Aragonesa) to 0.086

(Canaria de Pelo).
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Detection of ROH hotspots

By counting the incidence of SNPs in ROH, several genomic regions were
identified as potential ROH hotspots. The maximum frequency of SNPs in ROH was
11.65%. Twenty one regions on chromosomes 3, 6, 8, 10, 16, 19 and 25 were detected
as containing putative ROH hotspots (Supplementary Tables 3 and 4, Figure 7), and
they harbored 120 genes (Supplementary Table 4). Classification of genes located
within ROH hotspots with DAVID analysis revealed seven significant clusters related to
cell growth, immune response, cell junction and gamete and sexual cell growth and
differentiation (Supplementary Table 5). As shown in Supplementary Table 6, we
also compared the locations of the ROH hotspots found in our study with those
identified by other authors. Such comparative analysis revealed that the positional

concordance of ROH hotspots across different studies is considerably low.

Discussion

In a previous study, Manunza et al. (2016) reported the population structure of
eleven Spanish ovine breeds and performed a genome scan that demonstrated the
existence of several selective sweeps. The current work is based on the same data set,
but here we characterized the amount and patterns of homozygosity of these eleven
breeds. Moreover, we investigated the relationships between these Spanish ovine breeds
and other sheep populations from Europe, Asia and Africa. The sample size of the
majority of the Spanish ovine breeds analyzed in the current work was in the range of
20-30 individuals. However, limited sample size was compensated for by the analysis of
many markers (Willing et al., 2012; Nazareno et al., 2017). As a whole, we observed

that the population structure of the 11 Spanish sheep breeds is not strong and ancestries
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are complex (Figures 1A, 1B and 2, Supplementary Figures 3 and 4). These results
agree well with data reported by others (Kijas et al., 2012) showing high levels of
admixture in a worldwide sample of sheep breeds. The wPCAs shown in Figure 2 and
Supplementary Figure 1 also demonstrate that the majority of Spanish breeds cluster
with the European breeds. One of the exceptions to this general trend was Canaria de
Pelo, which showed a closer relation to African breeds (Figure 2). This result might
indicate that Canaria de Pelo has an African ancestry, as most hair sheep do (Muigai &
Hanotte, 2013). Indeed, there is broad archaeological and linguistic evidence that the
first settlers of the Canary Islands had an African origin (Maca-Meyer et al., 2004).
Moreover, a worldwide analysis of the genetic diversity of goat populations showed that
Canarian goat breeds have an African origin (Colli et al., 2018). We also observed a
certain degree of separation between Roja Mallorquina and Comisana sheep, two insular
breeds from Mallorca and Sicily, respectively, and the main European cluster (Figure
2). This suggests a process of genetic differentiation that could be the consequence of
founder effects combined with geographic isolation.

We also detected a decline in the effective sizes of all Spanish populations under
study (Figure 3), a feature that could have adverse effects on their production
performance (Ragab et al., 2015). Such trend has also been evidenced in six commercial
ovine breeds (Belclare, Beltex, Charollais, Suffolk, Texel and Vendeen) by Purfield et
al. (2017), who showed a decrease in N, followed by a period of stabilization in the last
50 generations. Chitneedi et al. (2017) also observed a reduction in the N, of the Churra
breed, but they warned that the accuracy of such estimates depends on the density of the
chip. In Spain, historical accounts indicate that there were approximately 17.6 million
sheep in 1799, and this number increased to 22.5 million in 1865 and almost to 24

million in 1940 (Estévez, 1990). However, in the last seven decades, the population of
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Spanish sheep decreased to 15 million heads (https://www.oviespana.com/informacion-
de-ovino/estadisticas-de-ovino/censo-de-ovino-en-espana-2015) due to the progressive
abandonment of rural activities and increases in the price of feeding and diesel oil that
negatively impacts the profitability of sheep farms.

We wanted to determine whether this decline of effective size involved an
increase in inbreeding and homozygosity levels. Our results indicate that, with few
exceptions, the number (< 50) and the total length of ROH (< 350 Mb) are remarkably
low in Spanish sheep (Figure 4 and Supplementary Figure 5). Only a few Gallega,
Canaria de Pelo and Churra sheep showed a relatively moderate to high ROH genomic
coverage, but the significance of such finding is quite circumstantial. Similar results
were obtained by Purfield et al. (2017) and Mastrangelo et al. (2018). We have also
observed that very long ROH (> 30 Mb) are quite rare in Spanish ovine breeds (Figure
5), highlighting the absence of recent inbreeding. The same pattern was observed by Al-
Mamun et al. (2015) and Mastrangelo et al. (2018) in Australian and Italian sheep,
respectively. The correlation coefficients between current population size and the
average length (r = -0.557, P-value = 0.07) and mean number of identified ROH (r =
-0.475, P-value = 0.13) were moderate and negative, but they did not reach statistical
significance. However, this inverse relationship between population size and
homozygosity is consistent with previous studies indicating that demography has a
prominent role in shaping homozygosity patterns (Bosse et al., 2012).

In the eleven Spanish breeds, Froy values were below 0.10, confirming the
existence of low levels of inbreeding (Table 1 and Figure 6). Similar Froy values were
found in 21 Italian sheep breeds by Mastrangelo et al. (2018) as well as in the Churra
breed by Chitneedi et al. (2017). In general, the population sizes of the Spanish ovine

breeds (MAPA, https://www.mapa.gob.es/es/ganaderia/temas/zootecnia/razas-
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ganaderas/razas/ catalogo/) analyzed by us are in the range of a few thousands (Canaria
de Pelo, Gallega and Roja Mallorquina), tens of thousands (Castellana, Latxa, Ojalada,
Ripollesa and Xisqueta) and hundreds of thousands (Churra, Rasa Aragonesa and
Segurena). According to the Spanish Ministry of Agriculture, Fisheries and Food
(MAPA, https://www.mapa.gob.es/es/ganaderia/temas/ zootecnia /razas-
ganaderas/razas/), the number of farms raising these ovine breeds ranges from 15
(Ojalada) to 476 (Rasa Aragonesa), with an average of 132 farms per breed
(Supplementary Table 1). This broad distribution of sheep in multiple farms combined
with an extensive management and limited use of artificial insemination in the last
decades has probably contributed to minimizing inbreeding.

The maximum frequency of SNPs in ROH was approximately 8-11%
(Supplementary Table 3 and 4, Figure 7). Similarly, in the study of Mastrangelo et al.
(2018), the incidence of SNPs in ROH also fluctuated around 10%, with the notable
exception of a region on Oar6 which reached 15%. In contrast, Purfield et al. (2017)
detected SNPs with incidences of 20% and, only in one case (Oar2, 7.04 Mb) it was
near 40%. In humans (Pemberton et al., 2012) and cattle (Purfield et al., 2012), ROH
hotspots with frequencies above 40% are more frequent than in sheep. Thus, the limited
homozygosity of sheep makes it difficult to identify regions of the genome containing
ROH at moderate to high frequencies. Moreover, the positional concordance of the
putative ROH hotspots reported by us and those detected by other authors is very low
(Supplementary Table 6), meaning that the evolutionary conservation of ovine ROH
hotspots is quite limited. This lack of positional coincidence challenges the very same
classification of these genomic regions as bona fide ROH hotspots, and it may have
technical (e.g., searching parameters to detect ROH) and biological causes. One of the

main forces driving the generation of ROH hotspots is a low recombination rate (Bosse
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et al., 2012). However, recombination rates are variable across individuals, populations
and species (Smukowski & Noor, 2011), and the causative factors of such variability are
largely unknown. Moreover, a recent study demonstrated that a significant proportion of
ROH islands or hotspots detected in the bovine genome are artifacts due to gaps in SNP
coverage as well as to structural variations such as deletions (Nandolo et al., 2018).
When we classified the functions of genes mapping to putative ROH hotspots
(Supplementary Table 4), we obtained seven significant clusters with loci involved in
immune response, behavior, cell proliferation and growth, and sexual cell growth and
differentiation (Supplementary Table 5). Interestingly, we detected a ROH hotspot
(Oar6, 38.61 — 38.63 Mb) located very close to the position of the NCAPG-LCORL
genes (Oar6 37.27 - 37.45 Mb). This region was also reported by Manunza et al. (2016)
as being under selection in Spanish sheep. Moreover, selective sweeps in the NCAPG-
LCORL region have been reported in pigs and dogs, and this region is also associated
with height in humans and horses (reviewed by Takasuga 2015). The ligand dependent
nuclear receptor corepressor like (LCORL) gene encodes a transcription factor that
activates the transcription of spermatocyte-specific genes during the meiotic stage
(Kunieda et al., 2002). The non-SMC condensin I complex, subunit G (NCAPG) gene
encodes a subunit of the condensin complex which is responsible for the condensation
and stabilization of chromosomes during mitosis and meiosis (Kimura et al., 2001). The
polymorphism of the NCAPG gene is associated with fetal and carcass growth in cattle
(Lindholm-Perry et al., 2013), and both NCAPG and LCORL genotypes were found to
be associated with body weight in Merino sheep (Al-Mamun et al., 2015) and with
stature in cattle (Bouwman et al., 2018). Additionally, multiple QTLs for carcass,
weaning and birth weight, feed intake and average daily gain have been reported to

colocalize with the NCAPG/LCORL region in cattle. Taken together, these results
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indicate that the ROH hotspot found on Oar 6 (38.61-38.63 Mb) in Spanish sheep might
have been caused by artificial selection for body size acting on the NCAPG/LCORL
genes.

The main conclusion that can be derived from our work is that autochthonous
Spanish sheep breeds display low levels of homozygosity. Moreover, the low incidence
of very long ROH also indicates the absence of recent inbreeding. These results are
encouraging from a conservation genetics perspective, because there is evidence that
ROH tend to be enriched in deleterious mutations both in humans (Szpiech et al., 2013)
and cattle (Zhang et al., 2015). We also conclude that ROH hotspots in sheep are scarce
and show a low positional concordance among studies, implying that they have likely
been produced by evolutionary factors acting on a local scale as well as by the specific

searching parameters employed in each study.
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570  Table 1. Descriptive statistics of ROH and inbreeding coefficients based on ROH
571  (Fron) identified in 11 Spanish sheep breeds’.

572
FID ALRon NTron MNron Fron
Canaria 6.426 £ 4.659 882 32.667 0.086 = 0.052
Castellana 6.994 +4.584 170 7.391 0.023 £0.017
Churra 6.645 £4.963 2201 18.342 0.050 £0.041
Gallega 9.076 £ 6.776 421 16.84 0.075 £0.103
Latxa 5.941 £4.715 648 16.2 0.039 £0.031
Ojalada 7.491 £4.769 171 7.125 0.025 £0.021
Rasa 5.305 £2.607 54 2.455 0.044 £ 0.032
Aragonesa
Ripollesa 7.360 = 5.790 283 12.304 0.008 £0.012
Roja 5.970 £3.995 520 17.931 0.037 £0.033
Mallorquina

Segureiia 6.982 +6.282 71 5.917 0.017 £0.026
Xisqueta 7.323 £6.162 119 4.958 0.022 =£0.029

573

574 1ALROH, average length (in Mb) of ROH per individual and breed; NTrop, average
575  number of ROH found per breed; MNrop, mean number of ROH per individual and
576  breed; Fron, inbreeding coefficient based on ROH.
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Legends to Figures

Figure 1. Population structure of 11 Spanish sheep breeds and reference populations
from other countries of Europe (Italy, Switzerland, Greece, Cyprus, France and
Germany), North Africa (Algeria and Egypt), Central Africa (Ethiopia and Kenya) and
Near East (Iran and Turkey), A. Heatmap depicting the Fst coefficients amongst pairs of
ovine breeds. B. Ancestry contributions for each one of the breeds under analysis at

K=33.

Figure 2. Weighted principal component analysis of 11 Spanish sheep breeds and
reference populations from other countries of Europe (Italy, Switzerland, Greece,
Cyprus, France and Germany), North Africa (Algeria and Egypt), Central Africa

(Ethiopia and Kenya) and Near East (Iran and Turkey).

Figure 3. Prediction of the evolution, during the last 225 generations, of the effective

population size (N.) of 11 Spanish sheep breeds.

Figure 4. Number and total length of ROH found in sheep from 11 Spanish breeds.
The number of ROH found per individual genome (y-axis) is plotted against ROH total

size (x-axis).

Figure 5. Frequencies of ROH classified according to their size in 11 Spanish sheep

breeds.
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Figure 6. Boxplot depicting the magnitude and variation of inbreeding coefficients

based on ROH coverage (Fron) and corresponding to 11 Spanish sheep breeds.

Figure 7. Identification of ROH hotspots in 11 Spanish sheep breeds. In the y-axis, we
plot the frequency at which a given SNP can be found within a ROH, while in the x-axis
we show the positional coordinates of the sheep genome distributed into 26 autosomal

chromosomes.
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Supplementary Table 1. Breeding purpose of 11 Spanish sheep breeds.

Breed Breeding Census Number of
purpose farms
Canaria de Pelo Meat 3,051 26
Castellana Meat/Milk 54,006 79
Churra Milk 147,435 124
Gallega Meat 4,847 102
Latxa Milk/Wool 86,431 213
Ojalada Meat 11,325 15
Rasa Meat 374,197 454
Aragonesa
Ripollesa Meat/Wool 36,467 48
Roja Meat/Milk 3,912 55
Mallorquina
Segurefia Meat 124,106 226
Xisqueta Meat/Wool 61,277 84




Supplementary Table 2. Expected and observed heterozygosities, and pairwise F

1 values amongst 32 populations from Africa, Europe, Middle-East and Oceania.

Ho* [He* | 1 | 2 | 38 | 4 | 5 [ 6 | 7 | 8 ] 9 | 10 [ 11 | 12 | 13 [ 14 | 15 [ 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 [32
1. Menz 0.37 | 0.37 0
2. Red Maasai | 0.33 | 0.32 | 0.06 | 0

3. Algerian | 0.35 | 0.37 | 0.06 | 0.07 | 0

4 Barki ] 035 0.35] 007 | 0.08| 0.02] 0

5. Afshari | 0.36 | 0.35 | 0.1 | 0.1 | 0.05 ] 0.05] 0

6. Karakas | 0.36 | 0.34 | 0.1 | 0.1L | 0.05 | 0.06 | 0.06 | 0

7.Moghani | 0.37 | 0.36 | 0.08 | 0.09 | 0.04 | 0.03 | 0.04 | 0.04 | 0

8.Norduz | 0.36 | 0.33 | 0.11 | 0.12 | 0.07 | 0.07 | 0.07 | 0.06 | 0.05 | 0

9.Qezel | 0.37 | 0.36 | 0.07 | 0.08 | 0.03 | 0.03 | 0.03 | 0.03 | 0.01 | 0.05| 0

10.Sakiz | 0.34 | 031 ] 0.16 | 017 | 0.1 | 011|012 ] 013|011 014 ] 0L ] 0O

L. 036 | 0.37 | 0.12 | 0.12 | 0.04 | 0.06 | 0.08 | 0.08 | 0.06 | 0.1 | 0.06 | 012 0

Altamurana

12. Chios | 0.33 | 0.33 | 0.14 | 0.15 | 0.08 | 0.09 | 0.11 | 0.11 | 0.09 | 0.12 | 0.08 | 0.11 | 0.1 | 0

13. Comisana | 0.38 | 0.36 | 0.1 | 0.11 | 0.04 | 0.05 | 0.08 | 0.08 | 0.06 | 0.09 | 0.05 | 0.12 | 0.04 | 0.1 | ©
14'Cy1‘_’;‘:s':at' 033031 |014]015|009| 01 |0.11|011]009|013]|008]016|012]013]|012] 0

15. East

Eiesian 03 |031| 02|02 |014|016]|017|018]015]|0.19|015]021014|019]015|021| 0

16. Meat

037037 | 011|011 | 0.04 | 0.06 | 0.08 | 0.08 | 0.06 | 0.09 | 0.06 | 0.11 | 0.05 | 0.1 | 0.05 | 012|013 | 0
Lacaune
17. Merino
037036 | 012|013 006|007| 01 | 0.1 |008]0.11|007]|014]006]|012]|006|014]|015]|006]| 0

Landschaf

ti'czfj'r']'; 037037 011|011 005 | 006|009 | 009|007 01 |[006]012]|005]| 01 |005]|012]|014]002]|006]| 0

9. 035|036 [ 012|012 | 006|008 01 | 0.1 | 008|011 008]|013]006]|012]007|013]015|006]|006]|007| 0

Rambouillet

20. White

Alpine 036035 | 015|015 008 | 01 |012|012] 01 |0.13| 0.1 | 016008014009 016|017 008|009]|008|007]| 0
21'nglz”ade 034033 | 013|013 007 |009]|012|012] 01 |0.13|009]|016| 0.1 |014] 01 016|019 009|011] 01 [011]013] 0
22. Castellana | 0.38 | 0.37 | 0.L | 0.1 | 0.0 | 0.05 | 0.08 | 0.08 | 0.06 | 0.09 | 0.05 | 0.12 | 0.04 | 0.1 | 0.04 | 0.12 | 0.14 | 0.04 | 0.05 | 0.04 | 0.06 | 0.08 | 0.09 | 0

23.Churra | 0.36 | 0.37 | 0.11 | 0.1 | 0.05 | 0.06 | 0.09 | 0.09 | 0.07 | 0.1 | 0.07 | 0.12 | 0.05 | 0.1 | 0.05 | 0.12 | 0.14 | 0.05 | 0.07 | 0.06 | 0.07 | 0.09 | 0.L | 0.04| 0

24, Gallega | 0.36 | 0.37 | 0.11 | 0.11 | 0.04 | 0.06 | 0.09 | 0.09 | 0.07 | 0.1 | 0.06 | 0.12 | 0.05 | 0.1 | 0.05 | 0.12 | 0.14 | 0.04 | 0.06 | 0.05 | 0.06 | 0.08 | 0.09 | 0.04 | 0.05 | 0

25. Latxa | 0.36 | 0.36 | 0.11 | 0.11 | 0.04 | 0.06 | 0.08 | 0.09 | 0.07 | 0.1 | 0.06 | 0.12 | 0.04 | 0.1 | 0.05 | 0.12 | 0.14 | 0.04 | 0.06 | 0.04 | 0.06 | 0.08 | 0.09 | 0.04 | 0.05 | 0.04 | 0

26. Ojalada | 0.38 | 0.37 | 0.L | 0.1 | 0.03 | 0.05 | 0.07 | 0.08 | 0.06 | 0.09 | 0.05 | 0.11 | 0.04 | 0.09 | 0.04 | 0.1 | 0.13 | 0.04 | 0.05 | 0.04 | 0.05 | 0.07 | 0.09 | 0.03 | 0.04 | 0.04 | 0.03 | 0

;;;?Z‘a 039038009 | 01 [002]0.04]007|007|005|008|004|011]003]009]|003]|011|013]003]|004]0.03]0.04]006]008]|002|003]003]003]|002| 0

28. Ripollesa | 0.37 | 0.37 | 0.L | 0.1 | 0.03 | 0.05 | 0.07 | 0.08 | 0.06 | 0.09 | 0.05 | 0.11 | 0.04 | 0.09 | 0.04 | 0.12 | 0.14 | 0.03 | 0.05 | 0.04 | 0.05 | 0.07 | 0.09 | 0.03 | 0.04 | 0.04 | 0.03 | 0.03 | 0.02| 0
Miﬁ'o?:d?na 037036 | 011|011 | 0.04 | 0.06 | 0.08 | 0.09 | 0.07 | 0.1 | 0.06|0.13 | 0.06 | 0.11 | 0.06 | 0.13 | 0.16 | 0.06 | 0.07 | 0.06 | 0.07 | 0.1 | 0.1 | 0.05| 0.06 | 0.06 | 0.06 | 0.05 | 0.04 | 0.05 | 0
30. Segurena | 0.38 | 0.37 | 0.L | 0.1 | 0.03 | 0.04 | 0.07 | 0.07 | 0.05 | 0.09 | 0.05 | 0.11 | 0.04 | 0.09 | 0.04 | 0.11 | 0.14 | 0.03 | 0.05 | 0.04 | 0.05 | 0.07 | 0.08 | 0.02 | 0.04 | 0.03 | 0.03 | 0.02 | 0.01 | 0.02 | 0.05 | 0
3L Xisqueta | 0.38 | 0.38 | 0.09 | 0.1 | 0.03 | 0.04 | 0.07 | 0.07 | 0.05 | 0.08 | 0.05 | 0.11 | 0.03 | 0.09 | 0.03 | 0.11 | 0.13 | 0.03 | 0.04 | 0.03 | 0.05 | 0.06 | 0.08 | 0.02 | 0.03 | 0.03 | 0.03 | 0.02 | 0.01 | 0.02 | 0.04 | 0.0L | 0
82. Australian | 7 | 37| 0.11 | 0.11 | 0.04 | 0.06 | 0.08 | 0.08 | 0.06 | 0.09 | 0.06 | 0.12 | 0.05 | 0.1 | 0.05 | 0.12 | 0.14 | 0.04 | 0.05 | 0.05 | 0.05 | 0.07 | 0.09 | 0.04 | 0.05 | 0.04 | 0.04 | 0.04 | 0.03 | 0.04 | 0.06 | 0.03 | 0.03 | 0

Merino

* Ho, observed heterozygosity; He, expected heterozygosity




Supplementary Table 3. Most common runs of homozygosity identified in 11 Spanish
sheep breeds.

Chr* SNP1 (start) SNP2 (end) Start (Bp) | End (Bp) lglfusr?\lbssr

OAR3_160600508.1 | OAR3_169354544.1 | 150,506,932 | 158,263,553 142

3 s08865.1 OAR3 217545698.1 (201,717,119 | 202,149,552 11

OAR6_43010674.1 | OAR6_43034224.1 | 38,617,412 | 38,639,963 2

OARG6_84052409.1 | OAR6_84589373.1 | 76,989,215 | 77,528,115 11

6 | OARG6_96699287.1 | OAR6_97721391.1 | 88,255,946 | 89,185,503 14
$11939.1 $45994.1 90,785,820 | 91,061,654
OARG6_104107846.1 | OAR6_104107846.1| 94,852,406 | 94,852,407
OAR8 14229216.1 | OAR8_14543945.1 | 12,681,411 | 13,002,444
OAR8 28114086.1 | OAR8 28114086.1 | 25,666,841 | 25,666,842

8 s07003.1 OARS8 31142913.1 | 26,691,996 | 28,730,392 39

OAR24 29566263.1 s09657.1 29,403,655 | 30,514,747 24

OAR8 37778597.1 | OAR8 38921990.1 | 35,134,129 | 36,257,232 25
OAR10 29511510.1 | OAR10 29546872.1| 29,476,678 | 29,512,572
10 $16941.1 OAR10 _33338187.1| 32,968,431 | 33,053,891

OAR10 36302356.1 | OAR10 40708619.1| 35,566,480 | 39,902,409 69

OAR16 16552788.1 | OAR16 16984728.1| 14,952,012 | 15,362,234 7

16 s71017.1 OAR16 18729547.1| 16,723,643 | 17,049,485 10

OAR16 19016913.1 $65924.1 17,329,824 | 17,453,973 5

OAR19 19633578.1| OAR19 19633578.1| 18,722,815 | 18,722,816 1

19 OAR19 22440999.1 s08521.1 21,356,863 | 21,542,256 4

25 $30024.1 OAR25 8346669.1 | 7,356,301 | 8,519,942 2

*Chr, Chromosome; bp, SNP positions referred to Oar_v3.1 assembly, expressed in
base pair.




Supplementary Table 4. Genes mapping into ROH hotspots in 11 Spanish sheep breeds.

Gene name | Chromosome | Gene start (bp) | Gene end (bp) | Strand
ADGRL3 6 77,252,525 77,566,951 1
AK9 8 27,663,314 27,788,700 1
AREG 6 89,053,717 89,061,196 1
ARID4B 25 7,969,996 8,106,640 -1
ARMC2 8 28,288,684 28,408,704 -1
ASCC3 8 36,191,607 36,513,139 1
ATP12A 10 36,838,524 36,858,872 -1
AVPR1A 3 156,234,256 156,237,118 1
B3GALNT2 25 8,223,729 8,275,564 -1
BEND3 8 30,037,460 30,053,860 1
C12orf56 3 155,260,542 155,344,741 1
C12orf66 3 155,380,300 155,402,206 1
Cé6orf203 8 30,067,739 30,073,911 -1
CAND1 3 152,359,061 152,396,257 -1
CCDC158 6 90,874,665 90,952,433 -1
CD164 8 27,876,120 27,887,557 1
CDC40 8 27,087,524 27,132,267 -1
CDK19 8 26,592,432 26,760,228 1
CDKN1B 3 201,984,035 201,990,468 -1
CENPJ 10 36,669,829 36,713,175 1
CEP57L1 8 28,085,246 28,163,551 -1
CPM 3 150,801,360 150,873,795 1
CREBL2 3 202,059,701 202,061,497 -1
CRYBG1 8 30,465,808 30,521,543 -1
CRYL1 10 36,124,260 36,182,572 1
CXCL1 6 88,610,487 88,611,559 1
CXCL6 6 88,555,264 88,556,088 1
CXCLS8 6 88,474,889 88,477,180 1
DDO 8 26,897,439 26,914,465 1
DDX47 3 201,898,376 201,912,018 -1
DIMT1 16 17,029,485 17,042,082 1
DYRK?2 3 152,015,144 152,016,742 -1
EEF1IAKMT1 10 36,005,923 36,011,902 1
EPGN 6 88,912,478 88,918,744 1
EREG 6 88,988,358 88,994,874 1
FAM19A2 3 157,614,169 157,749,302 1
FGF9 10 35,583,842 35,609,414 -1
FIG4 8 27,485,308 27,662,709 -1
FOXO3 8 28,595,346 28,713,940 -1
GJA3 10 36,304,573 36,305,769 1




GJB2 10 36,271,774 36,272,454 1
GJB6 10 36,253,000 36,253,785 1
GNG4 25 8,344,572 8,377,151 -1
GNS 3 154,929,508 154,975,699 1
GPR19 3 202,042,167 202,043,414 1
GPRC5A 3 201,836,871 201,842,949 -1
GPRC5D 3 201,807,778 201,813,703 1
GRIK2 8 34,947,839 35,493,542 -1
GRIP1 3 153,189,105 153,355,268 1
GRM7 19 18,544,027 19,149,524 -1
HEBP1 3 201,751,176 201,787,081 1
HELB 3 153,363,283 153,399,293 -1
IFNG 3 151,527,165 151,535,188 1
IFT88 10 36,045,326 36,103,818 -1
IL22 3 151,427,327 151,432,602 1
IL26 3 151,453,165 151,470,372 1
IPO11 16 16,829,254 16,993,920 -1
IRAK3 3 153,443,766 153,486,434 -1
ITPR1 19 21,424,244 21,769,620 -1
KIF2A 16 17,042,584 17,109,138 -1
LATS2 10 35,862,425 35,885,746 1
LEMD3 3 154,424,914 154,498,447 -1
LLPH 3 153,544,736 153,548,299 1
LYST 25 8,426,668 8,562,462 -1
MDM1 3 151,358,151 151,390,211 1
METTL24 8 26,996,941 27,076,802 1
MICAL1 8 27,816,425 27,825,784 1
MICUZ2 10 35,689,056 35,718,821 1
MIRLETY/I 3 156,850,160 156,850,267 -1
MON2 3 156,866,668 156,976,887 -1
MPHOSPHS8 10 36,540,304 36,586,948 -1
MRPLS57 10 35,786,131 35,786,478 -1
MSRB3 3 154,219,234 154,397,986 -1
MTHFD2L 6 88,783,856 88,905,590 1
NUP107 3 150,809,405 151,035,873 -1
PARP4 10 36,588,963 36,660,928 -1
PDSS2 8 29,708,586 29,955,211 1
PPBP 6 88,576,093 88,576,890 1
PPIL6 8 27,828,274 27,867,331 1
PPM1H 3 156,511,682 156,807,677 1
PSPC1 10 36,464,910 36,513,716 1
RAP1B 3 151,070,755 151,077,096 -1
RASSF3 3 154,993,195 155,069,159 -1




RASSF6 6 88,284,202 88,337,481 -1
RF00001 3 153,593,732 153,593,849 -1
RF00003 3 153,252,419 153,252,583 1
RF00007 8 28,234,265 28,234,370 -1
RF00026 10 36,645,893 36,646,001 -1
RF00100 6 88,357,887 88,358,219 1
RF00397 25 7,937,897 7,938,031 -1
RF00405 3 150,633,576 150,633,685 1
RF00420 10 36,596,458 36,596,563 1
RF00428 3 151,000,897 151,001,028 -1
RGS7BP 16 14,852,860 14,957,323 -1
RNF17 10 36,713,315 36,828,899 -1
RNF180 16 15,082,900 15,388,087 -1
RTN4IP1 8 30,416,461 30,467,534 1
RXFP2 10 29,454,677 29,502,617 -1
RXYLT1 3 155,803,012 155,829,952 -1
SAP18 10 35,806,669 35,811,076 -1
SCML4 8 29,351,937 29,455,891 1
SESN1 8 28,163,840 28,274,720 1
SKA3 10 35,786,789 35,798,732 1
SLC22A16 8 26,856,958 26,890,048 1
SLC35E3 3 150,961,729 150,976,981 -1
SMPD2 8 27,826,059 27,828,595 -1
SOBP 8 29,529,698 29,677,712 -1
SRGAP1 3 155,478,249 155,772,717 -1
TBC1D30 3 154,824,770 154,914,055 -1
TBK1 3 155,157,065 155,199,629 -1
TOMMZ20 25 7,925,956 7,932,498 -1
USP15 3 157,020,163 157,148,008 -1
WASF1 8 27,180,834 27,200,014 1
WIF1 3 154,565,931 154,650,524 1
XPO4 10 35,915,236 35,985,140 1
XPOT 3 155,202,187 155,357,768 -1
ZBTB24 8 27,795,216 27,803,455 1
ZDHHC20 10 35,736,928 35,783,467 1
ZMYM2 10 36,322,774 36,386,924 -1
ZMYM5 10 36,423,167 36,450,667 1




Supplementary Table 5. Results of the functional classification with DAVID of genes mapping to putative ROH hotspots in 11 Spanish sheep breeds, using homo Sapiens as

background.
Annotation Cluster 1 Enrichment Score*: 2.1685207324620484
List Fold
[0) -
Category Term Count| % |P-value Genes Total | Enrichment FDR
SP_PIR_KEYWORDS growth factor 6 0.632( 0.001 CXCL1, PPEP, EFF;ES FGF9, EPGN, 99 8.90 0.69
GOTERM_MF_FAT G0:0008083~growth factor activity 6 0.632( 0.002 CXCL1, PPEP, EFF;ES FGF9, EPGN, 74 6.54 2.68
SP_PIR_KEYWORDS mitogen 3 0.316| 0.017 PPBP, EREG, FGF9 99 14.95 19.00
GOTERM_BP_FAT G0:0051781~positive regulation of cell division 3 [0.316] 0.023 PPBP, EREG, FGF9 82 12.69 30.73
GOTERM_BP_FAT G0:0051302~regulation of cell division 3 0.316| 0.032 PPBP, EREG, FGF9 82 10.53 40.67
Annotation Cluster 2 Enrichment Score*: 1.7418751941412498
List Fold
[0) -
Category Term Count| % |P-value Genes Total | Enrichment FDR
. CXCL1, PPBP, IFNG, IL26, CXCLS,
SP_PIR_KEYWORDS cytokine 7 0.737| 0.000 AREG, IL22 99 751 0.41
CXCL1, PPBP, GRIK2, LYST, GRM7,
GOTERM_BP_FAT GO0:0007610~behavior 11 |1.158| 0.000 IFNG, AVPR1A, SOBP, CXCL6, FIG4, 82 3.87 0.75
DDO
GOTERM_MF_FAT G0:0005125~cytokine activity 7 0.737| 0.001 CXCLL, PPE;PFQEIZNEZIZLZG’ CXCLS, 74 6.30 1.01
INTERPRO IPR001089:Small chemokine, C-X-C 3 0.316| 0.002 CXCL1, PPBP, CXCL6 89 43.20 2.59
INTERPRO IPR002473:Small chemokine, C-X-C/Interleukin 8 3 0.316| 0.002 CXCL1, PPBP, CXCL6 89 40.11 3.00
INTERPRO IPR018048:Small chemokine, C-X-C, conserved site 3 0.316| 0.004 CXCL1, PPBP, CXCL6 89 33.03 441
KEGG_PATHWAY hsa04062:Chemokine signaling pathway 6 0.632| 0.006 CXCL1, PPBP, Réf\llci CXCL6, FOXO03, 33 4.94 5.55
GOTERM_BP_FAT G0:0007626~locomotory behavior 7 0.737| 0.006 CXCLL, PPBP, LYST, IFNG, SOBP, 82 4.21 9.11
CXCL®6, FIG4
) CXCL1, PPBP, GRIK2, TBK1, LYST,
GOTERM_BP_FAT G0:0006952~defense response 10 |[1.053| 0.011 GRM?7, IFNG, CXCL6, PARP4, IL22 82 2.68 16.25
GOTERM_BP_FAT G0:0042330~taxis 5 0.526| 0.016 CXCL1, PPBP, LYST, IFNG, CXCL6 82 5.16 22.08
GOTERM BP_FAT G0:0006935~chemotaxis 5 0.526| 0.016 CXCL1, PPBP, LYST, IFNG, CXCL6 82 5.16 22.08
INTERPRO IPR001811:Small chemokine, interleukin-8-like 3 0.316| 0.020 CXCL1, PPBP, CXCL6 89 13.70 22.32
SMART SM00199:SCY 3 0.316| 0.020 CXCL1, PPBP, CXCL6 50 13.29 18.47
KEGG_PATHWAY hsa04060:Cytokine-cytokine receptor interaction 6 0.632| 0.022 |[CXCL1, PPBP, IFNG, IL26, CXCLS6, IL22 33 3.53 20.22
INTERPRO IPR012351:Four-helical cytokine, core 3 [0.316] 0.025 IFNG, IL26, IL22 89 12.21 26.97
GOTERM_MF FAT G0:0008009~chemokine activity 3 0.316| 0.028 CXCL1, PPBP, CXCL6 74 11.44 30.33




GOTERM_BP_FAT G0:0009615~response to virus 4 0.421| 0.028 IRAK3, TBK1, LYST, IFNG 82 6.05 36.02
] CXCL1, PPBP, EREG, FGF9, IFNG,
GOTERM_CC_FAT GO:0005615~extracellular space 9 0.947| 0.031 IL26, CXCL6, AREG, 1L22 70 2.40 32.02
GOTERM_MF FAT G0:0042379~chemokine receptor binding 3 [0.316] 0.031 CXCL1, PPBP, CXCL6 74 10.74 33.43
GOTERM_BP_FAT G0:0009617~response to bacterium 4 0.421| 0.109 IRAK3, PPBP, LYST, IFNG 82 3.42 84.21
] . CXCL1, PPBP, EREG, FGF9, IFNG,
GOTERM_CC_FAT GO0:0044421~extracellular region part 9 0.947| 0.144 IL26, CXCL6, AREG, 1L22 70 1.71 85.59
GOTERM_BP_FAT G0:0042742~defense response to bacterium 3 [0.316] 0.145 PPBP, LYST, IFNG 82 4.42 91.77
) . CXCL1, PPBP, TBK1, LYST, IFNG,
GOTERM_BP_FAT GO0:0006955~immune response 7 0.737| 0.232 CXCL6, CD164 82 1.67 98.51
KEGG_PATHWAY hsa04630:Jak-STAT signaling pathway 3 0.316| 0.255 IFNG, 1L26, 1L22 33 2.98 94.65
GOTERM_BP_FAT G0:0006954~inflammatory response 4 10.421| 0.308 CXCL1, CXCL6, PARP4, IL22 82 2.03 99.72
GOTERM_BP_FAT G0:0009611~response to wounding 5 0.526| 0.392 CXCL1, EREG, CXCL6, PARP4, IL22 82 1.56 99.96
Annotation Cluster 3 Enrichment Score*: 1.488797519723787
List Fold
0, -
Category Term Count| % |P-value Genes Total | Enrichment FDR
PIR_SUPERFAMILY PIRSF002292:gap junction protein 3 [0.316| 0.002 GJB6, GJA3, GJB2 41 41.63 2.00
INTERPRO IPR019570:Gap junction protein, cysteine-rich domain 3 0.316| 0.005 GJB6, GJA3, GJB2 89 28.08 6.05
INTERPRO IPR0O00500:Connexins 3 0.316| 0.005 GJB6, GJA3, GJB2 89 28.08 6.05
INTERPRO IPR017991:Connexin region 3 0.316| 0.005 GJB6, GJA3, GJB2 89 26.74 6.64
INTERPRO IPR017990:Connexin, conserved site 3 0.316| 0.005 GJB6, GJA3, GJB2 89 26.74 6.64
INTERPRO IPR013092:Connexin, N-terminal 3 0.316| 0.005 GJB6, GJA3, GJB2 89 26.74 6.64
SMART SMO00037:CNX 3 0.316| 0.006 GJB6, GJA3, GJB2 50 25.94 5.41
GOTERM CC FAT G0:0005922~connexon complex 3 0.316| 0.006 GJB6, GJA3, GJB2 70 24.90 7.42
SP_PIR_KEYWORDS gap junction 3 0.316| 0.007 GJB6, GJA3, GJB2 99 23.32 8.51
GOTERM _CC FAT G0:0005921~gap junction 3 0.316| 0.011 GJB6, GJA3, GJB2 70 18.89 12.41
SP_PIR_KEYWORDS cell junction 5 0.526| 0.147 GRIP1, GRIK2, GJB6, GJA3, GJB2 99 2.43 85.99
GOTERM _CC FAT G0:0005911~cell-cell junction 3 0.316| 0.274 GJB6, GJA3, GJB2 70 2.88 98.12
GOTERM_CC_FAT G0:0030054~cell junction 5 0.526| 0.306 GRIP1, GRIK2, GJB6, GJA3, GJB2 70 1.76 98.93
GOTERM_BP_FAT GO0:0007600~sensory perception 6 0.632| 0.538 CDKNIB, GRM?(’;JSSZBP’ GJB, GIA3, 82 1.22 100.00
GOTERM_BP_FAT G0:0050890~cognition 6 0.632| 0.642 CDKNIB, GRM?(’;JSSZBP’ GJB, GIA3, 82 1.09 100.00
. . LYST, RXFP2, GJB6, FIG4, CENPJ,
SP_PIR_KEYWORDS disease mutation 8 0.842( 0.711 PDSS2, GJA3, GJB2 99 0.98 100.00
GOTERM_BP_FAT GO0:0050877~neurological system process 7 0.737| 0.743 CDKN1B, GRIK2, GRM7, SOBP, GJB, 82 0.95 100.00

GJA3, GJB2




Annotation Cluster 4

Enrichment Score*: 1.4222170665945673

List

Fold

0] -
Category Term Count| % |P-value Genes Total | Enrichment FDR
SP_PIR_KEYWORDS growth factor 6 |0.632| 0.001 CXCLL, PPBP, EFFQQE((SB FGFS, EPGN, 99 8.90 0.69
GOTERM_MF_FAT G0:0008083~growth factor activity 6 |0.632| 0.002 CXCLL PPBP’EEES’ FGF9, EPGN, 74 6.54 2.68
UP_SEQ FEATURE domain:EGF-like 3 0.316| 0.058 EREG, EPGN, AREG 99 7.62 55.98
INTERPRO IPRO00742:EGF-like, type 3 4 0.421| 0.083 EREG, EPGN, WIF1, AREG 89 3.86 66.70
INTERPRO IPR006210:EGF-like 4 0.421| 0.090 EREG, EPGN, WIF1, AREG 89 3.72 69.79
SMART SMO00181:EGF 4 0.421| 0.094 EREG, EPGN, WIF1, AREG 50 3.61 62.27
SP_PIR_KEYWORDS egf-like domain 4 0.421| 0.113 EREG, EPGN, WIF1, AREG 99 3.38 77.39
INTERPRO IPR006209:EGF 3 0.316| 0.145 EREG, WIF1, AREG 89 4.42 86.18
INTERPRO IPR013032:EGF-like region, conserved site 4 10.421] 0.202 EREG, EPGN, WIF1, AREG 89 2.56 94.21

Annotation Cluster 5 Enrichment Score*: 1.3751598254347912
List Fold

[0) -

Category Term Count| % |P-value Genes Total | Enrichment FDR
GOTERM _BP_FAT G0:0001556~00cyte maturation 3 ]0.316| 0.003 EREG, RXFP2, FOXO3 82 38.07 4.14
GOTERM_BP_FAT G0:0048599~00cyte development 3 0.316| 0.007 EREG, RXFP2, FOX03 82 23.57 10.47
GOTERM_BP_FAT GO:0045137~d§;]’:'rgstr::‘;2:£ primary sexual 5 |0.526| 0.007 | EREG, FGF9, RXFP2, FOX03,GJB2 | 82 6.50 10.70
GOTERM_BP_FAT G0:0009994~o00cyte differentiation 3 0.316| 0.008 EREG, RXFP2, FOXO03 82 22.50 11.42
GOTERM_BP_FAT G0:0007548~sex differentiation 5 0.526( 0.013 EREG, FGF9, RXFP2, FOX0O3, GJB2 82 5.46 18.56
GOTERM_BP_FAT G0:0003006~reproductive developmental process 6 ]0.632( 0.020 RNFL7, EREG, Fg:;z RXFP2, FOX03, 82 3.78 28.03
GOTERM_BP _FAT G0:0048477~00genesis 3 0.316| 0.022 EREG, RXFP2, FOXO03 82 13.02 29.50
GOTERM_BP_FAT G0:0007281~germ cell development 4 0.421| 0.023 RNF17, EREG, RXFP2, FOXO3 82 6.53 30.63
GOTERM BP_FAT G0:0008406~gonad development 4 10.421| 0.030 EREG, FGF9, RXFP2, FOXO3 82 5.89 38.07
GOTERM_BP_FAT G0:0048608~reproductive structure development 4 0.421| 0.040 EREG, FGF9, RXFP2, FOXO3 82 5.24 47.72
GOTERM_BP FAT G0:0007292~female gamete generation 3 0.316| 0.058 EREG, RXFP2, FOXO03 82 7.61 61.34
GOTERM_Bp_FAT | C©:0046546~development of primary male sexual 3 |0.316| 0.058 FGF9, RXFP2, GJB2 82 7.61 61.34

- characteristics
GOTERM_BP_FAT G0:0046661~male sex differentiation 3 0.316| 0.071 FGF9, RXFP2, GJB2 82 6.78 69.06
G0:0048609~reproductive process in a multicellular SLC22A16, RNF17, EREG, RXFP2,
GOTERM_BP_FAT organism 7 0.737| 0.071 AVPRIA FOXO3, DDO 82 2.37 69.38
. . . . SLC22A16, RNF17, EREG, RXFP2,
GOTERM_BP_FAT G0:0032504~multicellular organism reproduction 7 10.737| 0.071 AVPRIA FOXO3. DDO 82 2.37 69.38
GOTERM_BP_FAT G0:0048610~reproductive cellular process 4 10.421] 0.073 RNF17, EREG, RXFP2, FOXO3 82 4.07 70.28




GOTERM_BP_FAT G0:0048469~cell maturation 3 ]0.316| 0.074 EREG, RXFP2, FOXO3 82 6.60 70.82
GOTERM_BP_FAT G0:0021700~developmental maturation 3 [0.316] 0.123 EREG, RXFP2, FOX0O3 82 4.90 87.60
SP_PIR_KEYWORDS differentiation 5 ]0.526| 0.208 |SLC22A16, RNF17, EREG, FGF9, KIF2A | 99 2.11 94.42
GOTERM_BP_FAT G0:0007276~gamete generation 5 0.526( 0.212 SLC22A16, RNF17, EREG, RXFP2, 82 2.09 97.75
GOTERM_BP_FAT G0:0019953~sexual reproduction 5 ]0.526| 0.294 SLC22A16, RNF17, EREG, RXFP2, 82 1.80 99.61
SP_PIR_KEYWORDS developmental protein 6 |0.632| 0.365 SLC22A16, RNFl}ZI’FE;EG‘ FGF9, WIFL, 99 1.50 99.64
Annotation Cluster 6 Enrichment Score*: 1.3483401161401698
List Fold
0] -
Category Term Count| % |P-value Genes Total | Enrichment FDR
) . . . . CXCL1, CDKNL1B, EREG, IFNG, RXFP2,
GOTERM_BP_FAT | G0:0008285~negative regulation of cell proliferation 8 [0.842| 0.006 GJB6, CD164, SESN1 82 3.66 8.90
) CDKNI1B, EREG, IFNG, SKA3, CENPJ,
GOTERM_BP_FAT G0:0022402~cell cycle process 7 10.737| 0.122 SESNL, LATS? 82 2.04 87.54
GOTERM_BP_FAT G0:0007050~cell cycle arrest 3 [0.316| 0.127 CDKNI1B, IFNG, SESN1 82 4.81 88.47
Annotation Cluster 7 Enrichment Score*: 1.1288558188530375
List Fold
[0) -
Category Term Count| % |P-value Genes Total | Enrichment FDR
. CXCL1, PPBP, IFNG, IL26, CXCLS,
SP_PIR_KEYWORDS cytokine 7 10.737( 0.000 AREG, 1L22 99 7.51 0.41
SP_PIR_KEYWORDS growth factor 6 |[0.632| 0.001 CXCL1, PPBP, Eggg FGFS, EPGN, 99 8.90 0.69
GOTERM_MF_FAT G0:0005125~cytokine activity 7 10.737| 0.001 CXCLL, PPE;PFQEIZNE'ZIZLZG’ CXCLS, 74 6.30 1.01
GOTERM_MF_FAT G0:0008083~growth factor activity 6 |0.632| 0.002 CXCLL PPBP, Eggg FGF9, EPGN, 74 6.54 2.68
i CXCL1, PPBP, GRIK2, TBK1, LYST,
GOTERM_BP_FAT G0:0006952~defense response 10 |1.053| 0.011 GRM?7. IFNG, CXCL6. PARP4, IL22 82 2.68 16.25
KEGG PATHWAY hsa04060:Cytokine-cytokine receptor interaction 6 ]0.632| 0.022 [CXCL1, PPBP, IFNG, IL26, CXCL6, IL22 | 33 3.53 20.22
) CXCL1, PPBP, EREG, FGF9, IFNG,
GOTERM_CC_FAT GO0:0005615~extracellular space 9 10.947| 0.031 IL26, CXCLG, AREG, IL22 70 2.40 32.02
CXCL1, GPRC5D, GPR19, RGS7BP,
GOTERM_BP_FAT GO:0007166~cell surface receptor linked signal 18 |1895] 0.046 FGF9, GRIK2, RXFP2, CXCL6, GPRC5A, 82 1.60 53.03

transduction

PPBP, EREG, GRM7, IFNG, AVPR1A,
WIF1, AREG, GNG4, IFT88




G0:0007186~G-protein coupled receptor protein

CXCL1, GPRC5D, RGS7BP, PPBP,

GOTERM_BP_FAT signaling pathway 12 [1.263| 0.071 GPR19, GRM7, RXFP2, AVPR1A, 82 1.76 68.95
CXCL6, AREG, GNG4, GPRC5A
. CXCL1, PPBP, EREG, FGF9, IFNG,
GOTERM_CC_FAT GO0:0044421~extracellular region part 9 0.947( 0.144 IL26, CXCL6, AREG, 1L22 70 1.71 85.59
GPRC5D, GPR19, GRM7, RXFP2,
SP_PIR_KEYWORDS transducer 7 0.737| 0.287 AVPRIA, GNG4, GPRC5A 99 1.56 98.48
GOTERM_BP_FAT G0:0006954~inflammatory response 4 10.421| 0.308 CXCL1, CXCL6, PARP4, IL22 82 2.03 99.72
CXCL1, PPBP, EREG, FGF9, EPGN,
SP_PIR_KEYWORDS Secreted 11 |1.158| 0.358 IFNG, IL26, WIFL, CXCL6, CD164, IL22 99 1.27 99.59
GOTERM_BP_FAT G0:0009611~response to wounding 5 0.526| 0.392 CXCL1, EREG, CXCL6, PARP4, IL22 82 1.56 99.96
CXCL1, PPBP, EREG, FGF9, EPGN,
GOTERM_CC_FAT GO0:0005576~extracellular region 12 |1.263| 0.531 IFNG, IL26, WIF1, CXCL6, AREG, 70 1.09 99.99
CD164, 1L22
CXCL1, CPM, GRIK2, I1L26, FAM19A2,
SP_PIR_KEYWORDS signal 16 |[1.684| 0.704 CXCL6, CD164, IL22, GNS, EREG, 99 0.96 100.00
PPBP, EPGN, GRM7, IFNG, WIF1,
CXCL1, CPM, GRIK2, I1L26, FAM19A2,
UP_SEQ_FEATURE signal peptide 16 |[1.684( 0.713 CXCL6, CD164, IL22, GNS, EREG, 99 0.95 100.00
PPBP, EPGN, GRM7, IFNG, WIF1,
SLC22A16, CPM, GPR19, GRIK2, FGF9,
L . RXFP2, CD164, IL22, GPRC5A, ITPR1,
UP_SEQ_FEATURE glycosylation site:N-linked (GIcNAc...) 19 |2.000| 0.816 GNS, EREG, EPGN. GRM?7, B3GALNT2, 99 0.89 100.00
IFNG, AVPR1A, WIF1, AREG
SLC22A16, CPM, GPR19, GRIK2, FGF9,
. RXFP2, CD164, IL22, GPRC5A, ITPR1,
SP_PIR_KEYWORDS glycoprotein 19 (2.000| 0.864 GNS, EREG, EPGN, GRM7, B3GALNT2, 99 0.85 100.00
IFNG, AVPR1A, WIF1, AREG
CXCL1, CPM, PPBP, GPR19, EREG,
UP_SEQ_FEATURE disulfide bond 12 |1.263| 0.873 | EPGN, RXFP2, AVPR1A, WIF1, CXCLS, 99 0.82 100.00
AREG, IL22
CXCL1, CPM, PPBP, GPR19, EREG,
SP_PIR_KEYWORDS disulfide bond 12 |1.263| 0.897 | EPGN, RXFP2, AVPR1A, WIF1, CXCLS, 99 0.80 100.00
AREG, IL22
Annotation Cluster 8 Enrichment Score*: 1.126616383466167
List Fold
Category Term Count| % [P-value Genes Total | Enrichment FDR




CXCL1, PPBP, EREG, FGF9, EPGN,

SP_PIR_KEYWORDS growth factor 6 |0.632| 0.001 AREG 99 8.90 0.69
GOTERM_MF_FAT G0:0008083~growth factor activity 6 |0.632| 0.002 CXCLL, PPBP’EEES’ FGF9, EPGN, 74 6.54 2.68
GOTERM_BP_FAT | GO:0050678~regulation of epithelial cell proliferation 4 10.421| 0.009 CDKN1B, EREG, FGF9, EPGN 82 9.29 13.19

CXCL1, CDKNI1B, EREG, FGF9, EPGN,
GOTERM_BP_FAT G0:0042127~regulation of cell proliferation 11 |1.158| 0.019 | IFNG, RXFP2, AVPR1A, GJB6, CD164, 82 2.31 26.03
SESN1
GOTERM_BP_FAT G0:0010647~positive regulation of cell 6 |0.632| 0.047 EREG, GRIK2, FGF9, TBK1, EPGN, 82 3.01 53.84
GOTERM_Bp_FAT | CG0:0051240~positive regulation of multicellular 5 [0526| 0059 | EREG, GRIK2, FGF9, IFNG, AVPRIA | 82 3.38 61.86
-~ organismal process
GOTERM_BP_FAT G0:0010627~regulation of protein kinase cascade 5 [0.526| 0.062 GRIK2, FGF9, TBK1, IFNG, 1L22 82 3.31 64.12
GOTERM_BP_FAT |G0:0009967~positive regulation of signal transduction| 5 0.526( 0.101 EREG, FGF9, TBK1, EPGN, IFNG 82 2.80 81.60
GOTERM_BP_FAT | GO:0008284~positive regulation of cell proliferation 6 |0.632| 0.102 CDKNIB, EREiVEglFi EPGN, IFNG, 82 2.39 82.13
GOTERM_BP_FAT G0:0001525~angiogenesis 3 0.316| 0.222 EREG, FGF9, EPGN 82 3.34 98.19
GOTERM _BP_FAT G0:0010740~positive regulation of protein kinase 3 ]0.316| 0.264 FGF9, TBK1, IFNG 82 2.96 99.25
GOTERM_BP_FAT |G0:0044093~positive regulation of molecular function 6 0.632| 0.274 IRAKS, EREG’AE/PP(;TAIFNG’ RXFP2, 82 1.69 99.39
GOTERM_BP_FAT G0:0048514~blood vessel morphogenesis 3 [0.316] 0.361 EREG, FGF9, EPGN 82 2.35 99.92
GOTERM BP_FAT | G0:0043085~positive regulation of catalytic activity 5 ]10.526| 0.379 | EREG, EPGN, IFNG, RXFP2, AVPR1A 82 1.59 99.95
GOTERM_BP_FAT G0:0001568~hlood vessel development 3 [0.316| 0.433 EREG, FGF9, EPGN 82 2.02 99.99
GOTERM _BP_FAT G0:0001944~vasculature development 3 ]0.316| 0.445 EREG, FGF9, EPGN 82 1.97 99.99
GOTERM_BP_FAT G0:0008283~cell proliferation 4 10.421| 0.487 CXCL1, EREG, RAP1B, AREG 82 1.51 100.00
Annotation Cluster 9 Enrichment Score*: 1.0949122123422799
List Fold
[0) -

Category Term Count| % |P-value Genes Total | Enrichment FDR
GOTERM BP_FAT G0:0007605~sensory perception of sound 5 10.526| 0.003 CDKN1B, GRM7, SOBP, GJB6, GJB2 82 8.50 4.24
GOTERM_BP_FAT G0:0050954~sensory perception of mechanical 5 0.526| 0.003 CDKN1B, GRM7, SOBP, GJB6, GJB2 82 8.01 5.24
GOTERM BP_FAT G0:0048839~inner ear development 4 10.421| 0.012 CDKN1B, FGF9, SOBP, GJB6 82 8.35 17.26
GOTERM_BP_FAT G0:0043583~ear development 4 10.421| 0.019 CDKN1B, FGF9, SOBP, GJB6 82 6.95 26.73
GOTERM_BP FAT G0:0042471~ear morphogenesis 3 0.316| 0.059 FGF9, SOBP, GJB6 82 7.50 62.37
GOTERM_BP_FAT G0:0007423~sensory organ development 4 10.421| 0.158 CDKN1B, FGF9, SOBP, GJB6 82 2.88 93.56
GOTERM_BP FAT G0:0048562~embryonic organ morphogenesis 3 0.316| 0.189 FGF9, SOBP, GJB6 82 3.72 96.49
GOTERM_BP_FAT G0:0048568~embryonic organ development 3 [0.316| 0.275 FGF9, SOBP, GJB6 82 2.88 99.41
GOTERM_BP_FAT G0:0048598~embryonic morphogenesis 4 10.421] 0.279 FGF9, SOBP, GJB6, IFT88 82 2.15 99.46
GOTERM_BP_FAT GO0:0007600~sensory perception 6 |0.632| 0.538 CDKNIB, GRM?, SOBP, GJBE, GJA3, 82 1.22 100.00

GJB2




CDKN1B, GRM7, SOBP, GJB6, GJAS,

GOTERM_BP_FAT G0:0050890~cognition 6 0.632| 0.642 GIB? 82 1.09 100.00
GOTERM_BP_FAT G0:0050877~neurological system process 7 10.737| 0.743 CDKNIB, GRé;iSGgZA;Z’ SOBP, GJBS, 82 0.95 100.00
Annotation Cluster 10 Enrichment Score*: 1.0591133954091583
List Fold
[0) -

Category Term Count| % |P-value Genes Total | Enrichment FDR
GOTERM_BP_FAT G0:0006913~nucleocytoplasmic transport 5 0.526| 0.014 XPOT, FGF9, IPO11, IFNG, NUP107 82 5.29 20.48
GOTERM_BP_FAT G0:0051169~nuclear transport 5 0.526( 0.015 XPOT, FGF9, IPO11, IFNG, NUP107 82 5.22 21.27
GOTERM_CC_FAT G0:0005635~nuclear envelope 5 0.526| 0.025 | XPOT, IPO11, LEMD3, NUP107, ITPR1 70 4.45 26.72

. . XPOT, GRIK2, FGF9, LYST, IPO11,
GOTERM_BP_FAT GO0:0046907~intracellular transport 9 [0.947| 0.043 IFNG, TOMM20, NUP107, MON2 82 2.26 50.02
GOTERM_BP_FAT G0:0017038~protein import 4 0.421| 0.044 FGF9, IPO11, IFNG, TOMM?20 82 5.04 51.13
GOTERM_BP_FAT G0:0010647~positive regulation of cell 6 0.632| 0.047 EREG, GRIK2, FGF9, TBK1, EPGN, 82 3.01 53.84
) XPOT, WASF1, IPO11, TOMM20,
GOTERM_CC_FAT G0:0031967~organelle envelope 8 [0.842| 0.049 LEMD3, NUP107, MON2, ITPR1 70 2.36 46.51
) XPOT, WASF1, IPO11, TOMM20,
GOTERM_CC_FAT G0:0031975~envelope 8 [0.842| 0.050 LEMD3, NUP107, MON2, ITPR1 70 2.35 47.01
GOTERM_BP_FAT G0:0033365~protein localization in organelle 4 10.421| 0.057 FGF9, IPO11, IFNG, TOMM?20 82 4.52 60.92
GOTERM Bp_FAT | CG0-0051240~positive regulation of multicellular 5 |0.526| 0.059 | EREG, GRIK2, FGF9, IFNG, AVPRIA | 82 3.38 61.86
- - organismal process
GOTERM_BP FAT G0:0010627~regulation of protein kinase cascade 5 0.526 | 0.062 GRIK2, FGF9, TBK1, IFNG, 1L22 82 3.31 64.12
GOTERM_CC_FAT G0:0005643~nuclear pore 3 [0.316| 0.068 XPOT, IPO11, NUP107 70 6.93 58.21
. . o GRIP1, GRIK2, FGF9, LYST, XPO4,
GOTERM_BP_FAT G0:0008104~protein localization 10 |[1.053| 0.080 IPOL1, IFNG, TOMM20, NUP107, MON2 82 1.87 73.75
. . GRIK2, FGF9, LYST, XPO4, IPO11,
GOTERM_BP_FAT G0:0015031~protein transport 9 0.947( 0.085 IFNG, TOMM20, NUP107, MON2 82 1.95 75.85
. . . o GRIK2, FGF9, LYST, XPO4, IPO11,
GOTERM_BP_FAT G0:0045184~establishment of protein localization 9 0.947( 0.089 IFNG, TOMM20, NUP107, MON2 82 1.93 77.29
GOTERM _CC FAT G0:0046930~pore complex 3 ]0.316| 0.093 XPOT, IPO11, NUP107 70 5.77 70.30
GOTERM_BP_FAT G0:0006606~protein import into nucleus 3 0.316| 0.094 FGF9, IPO11, IFNG 82 5.75 79.26
GOTERM_BP FAT G0:0051170~nuclear import 3 0.316| 0.098 FGF9, IPO11, IFNG 82 5.62 80.57
SP_PIR_KEYWORDS protein transport 6 0.632| 0.102 LYST, XPO4, IPO&ELSMMZO’ NUP107, 99 2.40 73.64
GOTERM_BP_FAT G0:0034504~protein localization in nucleus 3 0.316| 0.109 FGF9, IPO11, IFNG 82 5.27 84.13
GOTERM_BP _FAT GO:0006605~protein targeting 4 0.421| 0.138 FGF9, IPO11, IFNG, TOMM20 82 3.07 90.69
GOTERM_BP_FAT G0:0006886~intracellular protein transport 5 0.526| 0.186 | GRIK2, FGF9, IPO11, IFNG, TOMM?20 82 2.21 96.24
GOTERM_BP_FAT G0:0034613~cellular protein localization 5 [0.526| 0.232 | GRIK2, FGF9, IPO11, IFNG, TOMM?20 82 2.01 98.52




GOTERM_BP_FAT G0:0070727~cellular macromolecule localization 5 0.526| 0.236 | GRIK2, FGF9, IPO11, IFNG, TOMM20 82 1.99 98.63
) XPOT, RNF180, IPO11, LEMD3,
GOTERM_CC_FAT G0:0012505~endomembrane system 7 10.737| 0.246 NUP107, ITPRL, GJB2 70 1.63 96.99
XPOT, SLC22A16, GRIK2, LYST, XPO4,
SP_PIR_KEYWORDS transport 11 |1.158| 0.345 IPO11, TOMM20, NUP107, ATP12A, 99 1.28 99.47
MON?2, ITPR1
. RNF180, WASF1, TOMMZ20, LEMD3,

GOTERM_CC_FAT G0:0031090~organelle membrane 8 0.842| 0.379 FIG4, MON2, ITPRL, GJB2 70 1.33 99.73

GOTERM_CC_FAT G0:0019866~organelle inner membrane 3 0.316| 0.534 LEMD3, MON2, ITPR1 70 1.67 99.99
Annotation Cluster 11 Enrichment Score*: 0.9910640532547695

List Fold
0] -
Category Term Count| % |P-value Genes Total | Enrichment FDR
GOTERM_Bp_FAT | ©G0:0031645-negative regulation of neurological 3 |0.316] 0.012 GRIK2, IFNG, AVPRIA 82 17.68 17.66
-~ system process
G0:0010648~negative regulation of cell IRAK3, RGS7BP, GRIK2, FGF9,
GOTERM_BP_FAT communication 6 |0.632| 0.016 AVPRIA LEMD3 82 3.99 23.31
GOTERM_Bp_FAT | CG0:0051240~positive regulation of multicellular 5 [0526| 0059 | EREG, GRIK2, FGF9, IFNG, AVPRIA | 82 3.38 61.86
-~ organismal process
GOTERM_Bp_FAT | ©0:0051241-negative regulation of multicellular |, 14 451 | 75 IRAK3, GRIK2, IENG, AVPRIA 82 4.02 71.36
organismal process
GOTERM_BP_FAT G0:0051969~regulation of transmission of nerve 3 [0.316] 0.220 GRIK2, IFNG, AVPR1A 82 3.37 98.10
GOTERM _BP_FAT G0:0031644~regulation of neurological system 3 ]0.316| 0.233 GRIK2, IFNG, AVPR1A 82 3.23 98.56
) . GRIK2, IFNG, AVPR1A, FOX03,
GOTERM_BP_FAT G0:0042592~homeostatic process 6 0.632| 0.470 ATP12A, ITPR1 82 1.32 100.00
GOTERM_BP_FAT G0:0044057~regulation of system process 3 [0.316| 0.556 GRIK2, IFNG, AVPR1A 82 1.60 100.00
Annotation Cluster 12 Enrichment Score*: 0.9287717630770937
List Fold
[0) -

Category Term Count| % |P-value Genes Total | Enrichment FDR
GOTERM_BP FAT | GO:0050678~regulation of epithelial cell proliferation 4 10.421| 0.009 CDKN1B, EREG, FGF9, EPGN 82 9.29 13.19
GOTERM_BP_FAT G0:0032675~regulation of interleukin-6 production 3 0.316| 0.020 IRAK3, EREG, IFNG 82 13.75 27.04

) . . . L IRAK3, CDKN1B, GRM7, RXFP2,
GOTERM_BP_FAT | GO:0043086~negative regulation of catalytic activity 6 0.632( 0.025 CANDL, LATS2 82 3.57 33.47
GO0:0044092~negative regulation of molecular IRAK3, CDKN1B, GRM7, RXFP2,
GOTERM_BP_FAT function 6 ]0.632( 0.050 CANDL, LATS? 82 2.96 55.79
GOTERM_BP_FAT GO0:0042325~regulation of phosphorylation 7 10.737| 0.060 IRAKS, CDKN1B, EREG, EPGN, IFNG, 82 2.48 62.97

1L22, LATS2




G0:0019220~regulation of phosphate metabolic

IRAK3, CDKN1B, EREG, EPGN, IFNG,

FOXO03, SMPD2

GOTERM_BP_FAT pracess 7 10.737( 0.070 IL22, LATS2 82 2.38 68.79
GOTERM BP FAT GO0:0051174~regulation of phosphorus metabolic 7 lo737| 0.070 IRAK3, CDKNL1B, EREG, EPGN, IFNG, 82 238 68.79
- process IL22, LATS2
GOTERM_BP_FAT G0:0010638~positive regulation of organelle 3 ]0.316| 0.088 CDKN1B, EREG, EPGN 82 5.96 77.16
GOTERM_BP_FAT GO:0051130~p°s't"’eo:gg:]’i'j;'t?gn(’f cellular component| ;=\ 151 0095 |  CDKN1B, EREG, EPGN, CAND1 82 3.65 79.52
GOTERM_BP_FAT G0:0006469~negative regulation of protein kinase 3 [0.316| 0.096 IRAK3, CDKN1B, LATS2 82 5.69 79.92
GOTERM_BP_FAT G0:0033673~negative regulation of kinase activity 3 0.316( 0.101 IRAK3, CDKN1B, LATS2 82 5.50 81.82
GOTERM_BP_FAT | GO:0008284~positive regulation of cell proliferation 6 |0.632| 0.102 CDKNIB, EREiVEglFi EPGN, IFNG, 82 2.39 82.13
GOTERM_BP_FAT G0:0051348~negative regulation of transferase 3 [0.316] 0.113 IRAK3, CDKN1B, LATS2 82 5.16 85.19
i CDKN1B, EREG, IFNG, SKA3, CENPJ,
GOTERM_BP_FAT G0:0022402~cell cycle process 7 10.737| 0.122 SESNL, LATS2 82 2.04 87.54
GOTERM_BP_FAT G0:0033043~regulation of organelle organization 4 10.421| 0.141 CDKN1B, EREG, EPGN, SKA3 82 3.04 91.15
GOTERM_BP_FAT G0:0045859~regulation of protein kinase activity 5 [0.526| 0.152 | IRAK3, CDKN1B, EREG, EPGN, LATS2 82 2.39 92.82
GOTERM _BP_FAT G0:0043549~regulation of kinase activity 5 ]0.526| 0.166 | IRAK3, CDKN1B, EREG, EPGN, LATS?2 82 2.31 94.46
GOTERM_BP_FAT G0:0051338~regulation of transferase activity 5 [0.526| 0.183 | IRAK3, CDKN1B, EREG, EPGN, LATS2 82 2.22 96.06
. CDK19, IRAK3, CDKN1B, TBK1,

SP_PIR_KEYWORDS kinase 6 ]0.632( 0.274 DYRK2, LATS? 99 1.69 98.10
GOTERM_BP_FAT |GO0:0044093~positive regulation of molecular function| 6 |0.632| 0.274 IRAKS, EREG, A%/PP%T'AIFNG' RXFP2, 82 1.69 99.39
GOTERM_BP_FAT G0:0001817~regulation of cytokine production 3 10.316] 0.295 IRAKS, EREG, IFNG 82 2.73 99.63
GOTERM_BP_FAT G0:0051726~regulation of cell cycle 4 10.421| 0.318 CDKN1B, EREG, EPGN, LATS2 82 1.99 99.78
GOTERM_BP FAT G0:0002684~positive regulation of immune system 3 0.316( 0.418 IRAK3, EREG, IFNG 82 2.08 99.98
GOTERM_BP_FAT G0:0022403~cell cycle phase 4 10.421| 0.453 CDKN1B, EREG, SKA3, LATS?2 82 1.59 99.99
GOTERM_BP_FAT | CGO:0010605~negative regulation of macromolecule | 5 14 5141 (939 IRAK3, CDKN1B, EREG 82 0.67 100.00

- metabolic process
Annotation Cluster 13 Enrichment Score*: 0.8999994266355725
List Fold
[0) -
Category Term Count| % |P-value Genes Total | Enrichment FDR
i . . CDKN1B, GRIK2, LYST, DYRK2,
GOTERM_BP_FAT G0:0012502~induction of programmed cell death 6 |0.632| 0.043 FOXO3, SMPD2 82 3.08 50.68
G0:0043068~positive regulation of programmed cell CDKN1B, GRIK2, LYST, IFNG, DYRK2,
GOTERM_BP_FAT death 7 10.737| 0.045 FOXO3, SMPD2 82 2.67 52.16
GOTERM_BP_FAT G0:0010942~positive regulation of cell death 7 10.737| 0.046 CDKN1B, GRIK2, LYST, IFNG, DYRK?, 82 2.65 52.83




CDKN1B, GRIK2, IFNG, DYRK2,

GOTERM_BP_FAT G0:0008219~cell death 9 [0.947| 0.065 FOXO3, GJB6, PARP4, FIG4, ITPR1 82 2.07 66.05
. CDKN1B, GRIK2, IFNG, DYRK2,
GOTERM_BP_FAT G0:0016265~death 9 (0.947| 0.068 FOXO3, GJB6, PARP4, FIG4, ITPR1 82 2.05 67.26
GOTERM_BP_FAT G0:0043065~positive regulation of apoptosis 6 |0.632| 0.115 CDKNIB, LYST’SI:\:A'\FI)%’ZDYRKZ’ FOX03, 82 2.30 85.82
GOTERM_BP_FAT G0:0006917~induction of apoptosis 5 0.526| 0.125 CDKNI1B, LYST, DYRK2, FOXO3, 82 2.58 88.18
. . . CDKN1B, GRIK2, LYST, IFNG, RXFP2,
GOTERM_BP_FAT G0:0042981~regulation of apoptosis 8 [0.842| 0.205 DYRK2, FOXO3. SMPD2 82 1.64 97.45
. . CDKN1B, GRIK2, LYST, IFNG, RXFP2,
GOTERM_BP_FAT GO0:0043067~regulation of programmed cell death 8 [0.842| 0.212 DYRK2, FOXO3. SMPD2 82 1.63 97.78
. . CDKN1B, GRIK2, LYST, IFNG, RXFP2,
GOTERM_BP_FAT GO0:0010941~regulation of cell death 8 [0.842| 0.215 DYRK2, FOXO3. SMPD2 82 1.62 97.90
GOTERM_BP_FAT GO0:0033554~cellular response to stress 6 |0.632| 0.251 IFNG, AVPRIA, DS\I(EF;Ei FOXQ3, PARP4, 82 1.75 99.01
. CDKN1B, GRIK2, IFNG, DYRK2,
GOTERM_BP_FAT GO0:0012501~programmed cell death 6 |0.632| 0.303 FOXO3, GJB6 82 1.62 99.69
GOTERM_BP_FAT G0:0006915~apoptosis 5 [0526| 0.489 | GRIK2, IFNG, DYRK2, FOXO3, GJB6 82 1.37 100.00
Annotation Cluster 14 Enrichment Score*: 0.8862431920157612
List Fold
[0) -

Category Term Count| % |P-value Genes Total | Enrichment FDR
GOTERM_BP FAT G0:0045862~positive regulation of proteolysis 3 0.316| 0.010 RNF180, IFNG, IFT88 82 19.80 14.43
GOTERM_BP_FAT G0:0030162~regulation of proteolysis 3 [0.316] 0.040 RNF180, IFNG, IFT88 82 9.34 47.95
GOTERM_Bp_FAT | CGO:0032270~positive requlation of cellular protein | 5| 516|408 RNF180, IFNG, IFT88 82 212 99.98

- - metabolic process

GOTERM_Bp_FAT | ©0:0051247~positive r:fouc':;'son of protein metabolic | 51 5151 429 RNF180, IFNG, IFT88 82 2.04 99.99
GOTERM_BP_FAT 60:0032268~regu'a“ogrgigg'“'ar protein metabolic |, 1 451 | 0544 RNF180, IFNG, IL22, IFT88 82 1.39 100.00

Annotation Cluster 15 Enrichment Score*: 0.821676537587384

List Fold
[0) -
Category Term Count| % |P-value Genes Total | Enrichment FDR
. . RASSF3, LYST, SKA3, PARP4, CENPJ,
GOTERM_CC_FAT G0:0015630~microtubule cytoskeleton 8 0.842| 0.028 IFT88. LATS2, KIF2A 70 2.66 29.85
WASF1, SKA3, MICAL1, PARP4, CENPJ,

SP_PIR_KEYWORDS cytoskeleton 7 0.737| 0.106 LATS2, KIF2A 99 2.14 75.12
SP_PIR_KEYWORDS microtubule 4 0.421| 0.114 RASSF3, SKA3, CENPJ, KIF2A 99 3.36 77.73




RASSF3, SKA3, MICALL, PARP4,

GOTERM_CC_FAT G0:0044430~cytoskeletal part 9 0.947| 0.140 CENPJ, IFT88, ITPRL, LATS2, KIF2A 70 1.73 84.55
GOTERM_CC_FAT G0:0005815~microtubule organizing center 4 0.421| 0.156 CENPJ, IFT88, LATS2, KIF2A 70 2.89 87.89
GOTERM_CC _FAT G0:0005874~microtubule 4 0.421| 0.184 RASSF3, SKA3, CENPJ, KIF2A 70 2.67 92.01
GOTERM_CC_FAT G0:0005819~spindle 3 0.316| 0.188 SKAS3, PARP4, LATS2 70 3.73 92.50
RASSF3, LYST, WASF1, SKA3, MICAL1,
GOTERM_CC_FAT G0:0005856~cytoskeleton 11 |1.158| 0.208 | PARP4, CENPJ, IFT88, ITPR1, LATS2, 70 1.45 94.44
KIF2A
GPR19, WASF1, ARID4B, CENPJ, ITPR1,
) LATS2, RASSF3, DDX47, HELB, LYST,
GOTERM_CC_FAT G0:0043228~non-membrane-bounded organelle 18 |[1.895| 0.224 PSPCL, SKA3, MICALL, NUP107, 70 1.27 95.70
PARP4, IFT88, MPHOSPHS, KIF2A
GPR19, WASF1, ARID4B, CENPJ, ITPR1,
GO0:0043232~intracellular non-membrane-bounded LATS2, RASSF3, DDX47, HELB, LYST,
GOTERM_CC_FAT organelle 18 |1.895| 0.224 PSPCL, SKA3. MICALL NUPL07, 70 1.27 95.70
PARP4, IFT88, MPHOSPHS, KIF2A
GOTERM_CC_FAT G0:0005813~centrosome 3 0.316| 0.342 CENPJ, LATS2, KIF2A 70 2.45 99.44
Annotation Cluster 16 Enrichment Score*: 0.7613977358948828
List Fold
0, -

Category Term Count| % |P-value Genes Total | Enrichment FDR
GOTERM_MF_FAT G0:0008026~ATP-dependent helicase activity 3 0.316| 0.105 DDX47, HELB, ASCC3 74 5.37 76.26
GOTERM_MF _FAT | GO:0070035~purine NTP-dependent helicase activity 3 0.316| 0.105 DDX47, HELB, ASCC3 74 5.37 76.26

SP_PIR_KEYWORDS helicase 3 0.316| 0.149 DDX47, HELB, ASCC3 99 4.35 86.52
GOTERM_MF_FAT G0:0004386~helicase activity 3 0.316| 0.186 DDX47, HELB, ASCC3 74 3.76 93.04
GOTERM_MF_FAT G0:0042623~ATPase activity, coupled 4 0.421| 0.197 DDX47, HELB, ASCC3, ATP12A 74 2.58 94.16

GNS, CPM, DDX47, MTHFD2L, HELB,
SP_PIR_KEYWORDS hydrolase 11 |1.158| 0.268 |[ASCC3, PPM1H, FIG4, ATP12A, USP15, 99 1.37 97.90
SMPD2
GOTERM_MF FAT G0:0016887~ATPase activity 4 0.421| 0.290 DDX47, HELB, ASCC3, ATP12A 74 2.10 98.81
Annotation Cluster 17 Enrichment Score*: 0.667349552508645
List Fold
[0) -
Category Term Count| % |P-value Genes Total | Enrichment FDR
G0:0031328~positive regulation of cellular EREG, GRIP1, IFNG, RXFP2, AVPR1A,
GOTERM_BP_FAT biosynthetic process 10 |1.053 0.021 CAND1, DYRK2, FOX03, AREG, IL22 82 241 28.68
GOTERM_BP_FAT G0:0009891~positive regulation of biosynthetic 10 |10s3| 0.023 EREG, GRIP1, IFNG, RXFP2, AVPRI1A, 82 537 30.77

process

CAND1, DYRK2, FOXO3, AREG, 1L22




GO0:0051054~positive regulation of DNA metabolic

GOTERM_BP_FAT process 3 0.316| 0.044 EREG, IFNG, AREG 82 8.84 51.47
G0:0010604~positive regulation of macromolecule RNF180, EREG, GRIP1, IFNG, CAND1,
GOTERM_BP_FAT metabolic process 10 11,0531 0.070 DYRK?2, FOXO03, AREG, IL22, IFT88 82 193 68.50
G0:0045935~positive regulation of nucleobase, EREG, GRIP1, IFNG, RXFP2, CAND1,
GOTERM_BP_FAT nucleoside, nucleotide and nucleic acid metabolic 8 |0842] 0080 FOXO03, AREG, IL22 82 212 73.40
GO0:0051173~positive regulation of nitrogen EREG, GRIP1, IFNG, RXFP2, CAND1,
GOTERM_BP_FAT compound metabolic process 8 |0842] 0091 FOXO03, AREG, IL22 82 205 78.01
G0:0010557~positive regulation of macromolecule EREG, GRIP1, IFNG, CAND1, DYRK2,
GOTERM_BP_FAT biosynthetic process 8 0.842| 0.096 FOXO3, AREG, IL22 82 2.02 80.13
GOTERM_BP_FAT G0:0051052~regulation of DNA metabolic process 3 0.316( 0.149 EREG, IFNG, AREG 82 4.34 92.39
GOTERM_Bp_FAT |C0:0045893~positive ;‘;g‘;'na;'e?]? of transcription, DNAY o 15 5561 0320 | GRIPL, IFNG, CAND1, FOXO03, IL22 | 82 173 99.79
GOTERM_BP_FAT GO:0051254~p°s't"’egf3:£;'°” of RNAmetabolic | o 14 556| 0325 | GRIPL IFNG, CANDL, FOXO3, IL22 | 82 171 99.81
GOTERM_BP_FAT G0:0045941~positive regulation of transcription 5 [0.526| 0.439 GRIP1, IFNG, CAND1, FOXO03, IL22 82 1.46 99.99
GOTERM_BP FAT G0:0010628~positive regulation of gene expression 5 0.526| 0.461 GRIP1, IFNG, CAND1, FOXO3, IL22 82 1.42 99.99
GOTERM_Bp_FAT | CO:0045944-positive regulation of transcription from | 5 14 5141 656 CAND1, FOXO3, 1L22 82 1.33 100.00
-~ RNA polymerase Il promoter
GOTERM_MF_FAT G0:0016563~transcription activator activity 3 [0.316]| 0.676 GRIP1, CAND1, FOX03 74 1.28 100.00
GOTERM_Bp_FAT | ©0:0006357-regulation of transcription from RNA |, 1 11 | §g1g SAP18, CAND1, FOXO03, IL22 82 0.91 100.00
- - polymerase Il promoter
GO0:0006355~regulation of transcription, DNA- CDKN1B, GRIP1, IFNG, SAP18, CAND1,
GOTERM_BP_FAT dependent 8 0.842| 0.920 FOXO3, IL22, CREBL2 82 0.74 100.00
. . . CDKN1B, GRIP1, IFNG, SAP18, CAND1,
GOTERM_BP_FAT G0:0051252~regulation of RNA metabolic process 8 10.842| 0.930 FOXO3, IL22, CREBL2 82 0.73 100.00
GOTERM_MF_FAT G0:0030528~transcription regulator activity 5 0.526 | 0.977 GRIP1, SAP18, CAND1, FOXO3, 74 0.58 100.00
Annotation Cluster 18 Enrichment Score*: 0.648823616670225
List Fold
[0) -

Category Term Count| % [P-value Genes Total | Enrichment FDR
INTERPRO IPR017979:GPCR, family 3, conserved site 3 0.316| 0.006 GPRC5D, GRM7, GPRC5A 89 25.52 7.26
INTERPRO IPR017978:GPCR, family 3, C-terminal 3 0.316( 0.007 GPRC5D, GRM7, GPRC5A 89 23.40 8.56

KEGG_PATHWAY hsa04080:Neuroactive ligand-receptor interaction 4 10.421| 0.216 GRIK2, GRM7, RXFP2, AVPR1A 33 241 91.16
GPRC5D, GPR19, GRM7, RXFP2,

SP_PIR_KEYWORDS transducer 7 0.737| 0.287 AVPRIA, GNG4, GPRC5A 99 1.56 98.48

SP_PIR_KEYWORDS g-protein coupled receptor 6 |0.632| 0.403 GPRCSD, GPR19, GRM7, RXFP2, 99 1.43 99.83

AVPR1A, GPRC5A




IRAK3, GPRC5D, GPR19, GRIK2, GRM7,

SP_PIR_KEYWORDS receptor 9 10.947| 0.563 RXFP2, AVPR1A, GPRC5A. [TPRL 99 1.10 100.00
GPRCS5D, GPR19, EREG, GRIK2, EPGN,
UP_SEQ_FEATURE topological domain:Extracellular 13 |1.368| 0.755 | GRM7, RXFP2, AVPR1A, GJB6, CD164, 99 0.92 100.00
GPRC5A, GJA3, GJB2

PIR_SUPERFAMILY PIRSF800006:rhodopsin-like G protein-coupled 3 [0.316| 0.897 GPR19, RXFP2, AVPR1A 41 0.79 100.00
INTERPRO IPR017452:GPCR, rhodopsin-like superfamily 3 ]0.316| 0.901 GPR19, RXFP2, AVPR1A 89 0.77 100.00
INTERPRO IPR000276:7TM GPCR, rhodopsin-like 3 ]0.316| 0.902 GPR19, RXFP2, AVPR1A 89 0.77 100.00

Annotation Cluster 19 Enrichment Score*: 0.5501672055565894
List Fold
[0) -
Category Term Count| % |P-value Genes Total | Enrichment FDR
. IRAK3, MTHFD2L, DYRK2, ATP12A,
SP_PIR_KEYWORDS magnesium 6 |0.632| 0.075 LATS2, SMPD2 99 2.64 62.21
) L - IRAK3, MTHFD2L, DYRK2, ATP12A,

GOTERM_MF_FAT G0:0000287~magnesium ion binding 6 ]0.632( 0.110 LATS2, SMPD2 74 2.33 77.98
INTERPRO IPR0O08271:Serine/threonine protein kinase, active site 5 ]0.526| 0.118 | CDK19, IRAK3, TBK1, DYRK2, LATS2 89 2.64 79.43
INTERPRO IPR017442:Serine/threonine protein kKinase-related 5 [0.526]| 0.122 | CDK19, IRAK3, TBK1, DYRK2, LATS2 89 2.61 80.70

] Lo . CDK19, IRAK3, TBK1, EPGN, WIF1,
GOTERM_MF_FAT GO:0004672~protein kinase activity 7 10.737| 0.125 DYRK2, LATS? 74 2.03 82.24
SP_PIR_KEYWORDS serine/threonine-protein kinase 5 ]0.526| 0.130 | CDK19, IRAK3, TBK1, DYRK2, LATS2 99 2.55 82.25
GOTERM_BP_FAT G0:0007243~protein kinase cascade 5 [0.526| 0.181 TBK1, EPGN, IFNG, LATS2, SMPD2 82 2.23 95.87
GOTERM_MF FAT G0:0042623~ATPase activity, coupled 4 10.421] 0.197 DDX47, HELB, ASCC3, ATP12A 74 2.58 94.16
) . CDK19, IRAK3, TBK1, EPGN, IFNG,
GOTERM_BP_FAT G0:0016310~phosphorylation 8 0.842| 0.202 DYRK2, MON2, LATS2 82 1.65 97.27
GOTERM_BP_FAT G0:0006468~protein amino acid phosphorylation 7 0.737| 0.209 CDK19, IRAK3, TBKL, EPGN, IFNG, 82 1.73 97.65
DYRK2, LATS2
INTERPRO IPR017441:Protein kinase, ATP binding site 5 ]0.526| 0.220 | CDK19, IRAK3, TBK1, DYRK2, LATS2 89 2.06 95.66
UP SEQ FEATURE domain:Protein kinase 5 ]0.526| 0.220 | CDK19, IRAK3, TBK1, DYRK2, LATS2 99 2.06 96.71
GOTERM_MF_FAT | GO:0004674~protein serine/threonine Kinase activity 5 0.526| 0.223 | CDK19, IRAK3, TBK1, DYRK2, LATS2 74 2.04 96.16
. - . CDK19, IRAK3, DDX47, ASCC3, TBK1,
UP_SEQ_FEATURE nucleotide phosphate-binding region:ATP 8 0.842( 0.224 DYRK2, LATS2, KIF2A 99 1.61 96.89
- CDK19, IRAK3, DDX47, HELB, ASCC3,
SP_PIR_KEYWORDS atp-binding 10 |1.053| 0.234 TBKL, DYRK2, ATP12A, LATS2, KIF2A 99 1.47 96.31
INTERPRO IPR0O00719:Protein kinase, core 5 ]0.526| 0.244 | CDK19, IRAK3, TBK1, DYRK2, LATS2 89 1.97 97.07
. CDK19, IRAK3, CDKN1B, TBK1,
SP_PIR_KEYWORDS kinase 6 ]0.632( 0.274 DYRK2, LATS? 99 1.69 98.10
GOTERM_MF_FAT G0:0016887~ATPase activity 4 10.421] 0.290 DDX47, HELB, ASCC3, ATP12A 74 2.10 98.81
UP_SEQ FEATURE binding site:ATP 5 ]0.526| 0.303 | CDK19, IRAK3, TBK1, DYRK2, LATS2 99 1.78 99.29




CDK19, IRAK3, DDX47, HELB, ASCC3,

SP_PIR_KEYWORDS nucleotide-binding 11 |1.158( 0.356 | TBK1, RAP1B, DYRK2, ATP12A, LATS2, 99 1.27 99.57
KIF2A
] . CDK19, IRAK3, TBK1, EPGN, IFNG,
GOTERM_BP_FAT G0:0006793~phosphorus metabolic process 8 [0.842]| 0.364 DYRK2, MON2, LATS2 82 1.36 99.93
) . CDK19, IRAK3, TBK1, EPGN, IFNG,
GOTERM_BP_FAT G0:0006796~phosphate metabolic process 8 0.842| 0.364 DYRK2, MON2, LATS2 82 1.36 99.93
INTERPRO IPR002290:Serine/threonine protein kinase 3 [0.316] 0.398 CDK19, DYRK2, LATS2 89 2.17 99.84
SMART SMO00220:S_TKc 3 0.316| 0.410 CDK19, DYRK2, LATS2 50 2.10 99.45
CDK19, IRAK3, TBK1, B3GALNT2,
SP_PIR_KEYWORDS transferase 9 0.947| 0417 DYRK2, PARP4, ZDHHC20, PDSS2, 99 1.25 99.88
UP_SEQ FEATURE active site:Proton acceptor 5 0.526| 0.438 | CDK19, TBK1, DYRK2, LATS2, SMPD2 99 1.47 99.96
) - CDK19, IRAK3, DDX47, HELB, ASCC3,
GOTERM_MF_FAT G0:0005524~ATP binding 10 |1.053| 0.452 TBKL, DYRK2, ATP12A, LATS2, KIF2A 74 1.19 99.96
) . . - CDK19, IRAK3, DDX47, HELB, ASCC3,
GOTERM_MF_FAT G0:0032559~adenyl ribonucleotide binding 10 |[1.053| 0.469 TBKL1, DYRK2, ATP12A, LATS2, KIF2A 74 1.17 99.97
CDK19, TBK1, LEMD3, ATP12A, LATS2,
GOTERM_MF_FAT G0:0000166~nucleotide binding 14 |1.474| 0502 | IRAK3, CRYL1, DDX47, ASCC3, HELB, 74 1.09 99.99
PSPC1, RAP1B, DYRK2, KIF2A
) . - CDK19, IRAK3, DDX47, HELB, ASCC3,
GOTERM_MF_FAT GO0:0030554~adenyl nucleotide binding 10 |1.053| 0.535 TBKL, DYRK2, ATP12A, LATS2, KIF2A 74 1.11 99.99
) . . - CDK19, IRAK3, DDX47, HELB, ASCC3,
GOTERM_MF_FAT G0:0001883~purine nucleoside binding 10 |1.053| 0.554 TBKL, DYRK2, ATP12A, LATS2, KIF2A 74 1.10 100.00
) . - CDK19, IRAK3, DDX47, HELB, ASCC3,
GOTERM_MF_FAT G0:0001882~nucleoside binding 10 |1.053| 0.562 TBKL, DYRK2, ATP12A, LATS2, KIF2A 74 1.09 100.00
CDK19, IRAK3, DDX47, HELB, ASCC3,
GOTERM_MF_FAT G0:0032555~purine ribonucleotide binding 11 |1.158| 0.595 | TBK1, RAP1B, DYRK2, ATP12A, LATS2, 74 1.05 100.00
KIF2A
CDK19, IRAK3, DDX47, HELB, ASCC3,
GOTERM_MF_FAT G0:0032553~ribonucleotide binding 11 |[1.158( 0.595 | TBK1, RAP1B, DYRK2, ATP12A, LATS2, 74 1.05 100.00
KIF2A
CDK19, IRAK3, DDX47, HELB, ASCC3,
GOTERM_MF_FAT G0:0017076~purine nucleotide binding 11 |[1.158( 0.652 | TBK1, RAP1B, DYRK2, ATP12A, LATS2, 74 1.01 100.00
KIF2A
Annotation Cluster 20 Enrichment Score*: 0.5245166212806537
List Fold
[0) -
Category Term Count| % |P-value Genes Total | Enrichment FDR




IRAK3, CRYL1, RNF17, GRIK2, PDSS2,

GOTERM_MF_FAT G0:0046983~protein dimerization activity 6 |0.632| 0.189 CREBL? 74 1.94 93.34
GOTERM_MF_FAT G0:0042803~protein homodimerization activity 4 10.421| 0.290 IRAK3, CRYL1, RNF17, GRIK2 74 2.10 98.81
GOTERM_MF_FAT G0:0042802~identical protein binding 5 0.526| 0.488 IRAK3, CRYL1, RNF17, GRIK2, GJA3 74 1.37 99.98
Annotation Cluster 21 Enrichment Score*: 0.5224967758348501
List Fold
[0) -

Category Term Count| % |P-value Genes Total | Enrichment FDR
GOTERM_BP_FAT G0:0040008~regulation of growth 5 ]0.526| 0.148 | CDKN1B, FGF9, IFNG, AVPR1A, GNG4 82 2.42 92.20
GOTERM_BP_FAT G0:0001558~regulation of cell growth 3 [0.316] 0.324 CDKNI1B, AVPR1A, GNG4 82 2.55 99.81
GOTERM_BP_FAT G0:0008361~regulation of cell size 3 ]0.316| 0.350 CDKNI1B, AVPR1A, GNG4 82 2.40 99.90
GOTERM_BP_FAT G0:0032535~regulation of cellular component size 3 [0.316] 0.485 CDKNI1B, AVPR1A, GNG4 82 1.83 100.00

Annotation Cluster 22 Enrichment Score*: 0.5224068415021378
List Fold
[0) -

Category Term Count| % |P-value Genes Total | Enrichment FDR
GOTERM_CC_FAT G0:0044456~synapse part 4 10.421| 0.147 GRIP1, GRIK2, GRM7, ITPR1 70 2.97 86.19
GOTERM_CC_FAT G0:0045211~postsynaptic membrane 3 0.316| 0.165 GRIP1, GRIK2, GRM7 70 4.06 89.36
GOTERM_MF FAT G0:0015267~channel activity 5 ]0.526| 0.201 GRIK2, GRM7, ITPR1, GJA3, GJB2 74 2.13 94.56
GOTERM_MF_FAT G0:0022803~passive transmembrane transporter 5 0.526| 0.202 GRIK2, GRM7, ITPR1, GJA3, GJB2 74 2.12 94.66
GOTERM_CC_FAT G0:0045202~synapse 4 10.421| 0.300 GRIP1, GRIK2, GRM7, ITPR1 70 2.06 98.81
GOTERM_MF_FAT G0:0022836~gated channel activity 3 [0.316| 0.523 GRIK2, GRM7, ITPR1 74 1.70 99.99
GOTERM_MF FAT G0:0005216~ion channel activity 3 ]0.316| 0.643 GRIK2, GRM7, ITPR1 74 1.36 100.00
GOTERM_MF_FAT G0:0022838~substrate specific channel activity 3 [0.316] 0.660 GRIK2, GRM7, ITPR1 74 1.32 100.00

Annotation Cluster 23 Enrichment Score*: 0.5190338548468313
List Fold
[0) -
Category Term Count| % |P-value Genes Total | Enrichment FDR
) XPOT, WASF1, IPO11, TOMM20,
GOTERM_CC_FAT G0:0031967~organelle envelope 8 10.842| 0.049 LEMD3. NUP107, MON2, ITPR1 70 2.36 46.51
) XPOT, WASF1, IPO11, TOMM20,
GOTERM_CC_FAT G0:0031975~envelope 8 10.842| 0.050 LEMD3. NUP107, MON2, ITPR1 70 2.35 47.01
) RNF180, WASF1, TOMMZ20, LEMD3,
GOTERM_CC_FAT G0:0031090~organelle membrane 8 10.842| 0.379 FIG4, MON2, ITPRL, GJB2 70 1.33 99.73
GOTERM _CC FAT G0:0031966~mitochondrial membrane 3 ]0.316| 0.632 WASF1, TOMM20, MON2 70 1.39 100.00
GOTERM_CC_FAT G0:0005740~mitochondrial envelope 3 ]0.316| 0.666 WASF1, TOMM20, MON2 70 1.31 100.00
) . . WASF1, HEBP1, TOMM20, RTN4IP1,
GOTERM_CC_FAT G0:0005739~mitochondrion 6 |0.632| 0.709 MON2, MSRB3 70 1.01 100.00
GOTERM_CC_FAT G0:0044429~mitochondrial part 3 ]0.316| 0.838 WASF1, TOMM20, MON2 70 0.92 100.00




Annotation Cluster 24

Enrichment Score*: 0.5139189604884302

List Fold
[0) -
Category Term Count| % |P-value Genes Total | Enrichment FDR
. CDKN1B, EREG, IFNG, SKA3, CENPJ,
GOTERM_BP_FAT G0:0007049~cell cycle 9 (0.947| 0.092 SESNL, MPHOSPHS, LATS2, CREBL2 82 1.91 78.68
. CDKN1B, EREG, IFNG, SKA3, CENPJ,
GOTERM_BP_FAT G0:0022402~cell cycle process 7 0.737| 0.122 SESNL, LATS2 82 2.04 87.54
SP_PIR_KEYWORDS cell cycle 4 0.421| 0.418 CDKN1B, SKA3, LATS2, CREBL?2 99 1.69 99.88
GOTERM_BP_FAT G0:0022403~cell cycle phase 4 0.421| 0.453 CDKN1B, EREG, SKA3, LATS2 82 1.59 99.99
GOTERM_BP_FAT G0:0000279~M phase 3 [0.316] 0.590 EREG, SKA3, LATS2 82 1.50 100.00
GOTERM_BP_FAT G0:0000278~mitotic cell cycle 3 [0.316| 0.654 CDKN1B, SKA3, LATS?2 82 1.34 100.00
Annotation Cluster 25 Enrichment Score*: 0.49278078561395233
List Fold
[0) -

Category Term Count| % |P-value Genes Total | Enrichment FDR
GOTERM_BP_FAT G0:0043623~cellular protein complex assembly 4 0.421| 0.073 GRIK2, WASF1, IPO11, CENPJ 82 4.07 70.28
GOTERM_BP_FAT G0:0034622~cellular macromolecular complex 4 10.421| 0.297 GRIK2, WASF1, IPO11, CENPJ 82 2.08 99.64
GOTERM_BP_FAT G0:0070271~protein complex biogenesis 5 0.526| 0.358 | GRIK2, WASF1, IPO11, CENPJ, PDSS2 82 1.63 99.92
GOTERM_BP_FAT G0:0006461~protein complex assembly 5 [0.526| 0.358 | GRIK2, WASF1, IPO11, CENPJ, PDSS2 82 1.63 99.92
GOTERM_BP_FAT G0:0034621~cellular macromolecular complex 4 |0421| 0361 GRIK2, WASF1, IPO11, CENPJ 82 1.85 99.92

subunit organization
GOTERM_BP_FAT G0:0065003~macromolecular complex assembly 5 [0.526| 0.568 | GRIK2, WASF1, IPO11, CENPJ, PDSS2 82 1.24 100.00
GOTERM_BP_FAT 6010043933~ma‘;rg:;’i';:t?(';r complex subunit 5 |0526| 0.621 | GRIK2, WASFL, IPO11, CENPJ, PDSS2 | 82 1.16 100.00
Annotation Cluster 26 Enrichment Score*: 0.4833250623420468
List Fold
[0) -
Category Term Count| % [P-value Genes Total | Enrichment FDR
GOTERM_BP_FAT G0:0006164~purine nucleotide biosynthetic process 3 0.316| 0.222 MTHFD2L, ATP12A, MON2 82 3.34 98.19
GOTERM_BP_FAT G0:0009165~nucleotide biosynthetic process 3 [0.316] 0.306 MTHFD2L, ATP12A, MON2 82 2.66 99.71
GOTERM_BP_FAT G0:0006163~purine nucleotide metabolic process 3 0.316| 0.306 MTHFD2L, ATP12A, MON2 82 2.66 99.71
GOTERM_BP_FaT | ©0:0034654-nucleobase, nucleoside, nucleotideand | = 5| 3151 ( 35 MTHFD2L, ATP12A, MON2 82 2.56 99.80
- nucleic acid biosynthetic process

GOTERM_BP_FaT | G0:0034404-nucleobase, nucleoside and nucleotide | 5| 5151 ( 35 MTHFD2L, ATP12A, MON2 82 2.56 99.80
- - biosynthetic process

GOTERM_BP FAT | GO0:0044271~nitrogen compound biosynthetic process 3 0.316| 0.583 MTHFED2L, ATP12A, MON2 82 1.52 100.00

Annotation Cluster 27

Enrichment Score*: 0.4272423121442745




List Fold
[0) -
Category Term Count| % |P-value Genes Total | Enrichment FDR
GOTERM_MF_FAT (60:0022890~inorganic cation transmembrane 4 |0421| 0053 | SLC22A16, ATP12A, MON2, ITPRL 74 4.65 50.72
- - transporter activity
SP_PIR_KEYWORDS ion transport 5 0.526| 0.340 SLC22A16, GRIK2, ATP12A, MONZ2, 99 1.68 99.42
XPOT, SLC22A16, GRIK2, LYST, XPO4,
SP_PIR_KEYWORDS transport 11 |1.158| 0.345 IPO11, TOMM20, NUP107, ATP12A, 99 1.28 99.47
MON2, ITPR1
GOTERM_BP_FAT G0:0006812~cation transport 5 0.526| 0.424 SLC22A16, CD‘ﬁT_éi’lATPIZA’ MON2, 82 1.49 99.98
GOTERM_BP_FAT G0:0006811~ion transport 6 ]0.632( 0.490 SLC22A16, CDKN1B, GRIK2, ATP12A, 82 1.29 100.00
MON?2, ITPR1
GOTERM_BP_FAT G0:0015672~monovalent inorganic cation transport 3 0.316| 0.571 CDKN1B, ATP12A, MON2 82 1.56 100.00
GOTERM_BP_FAT G0:0055085~transmembrane transport 4 10.421| 0.668 SLC22A16, NUP107, MON2, ITPR1 82 1.16 100.00
GOTERM_BP_FAT G0:0030001~metal ion transport 3 0.316| 0.772 CDKNI1B, ATP12A, ITPR1 82 1.06 100.00
Annotation Cluster 28 Enrichment Score*: 0.4070438317198611
List Fold
0] -

Category Term Count| % |P-value Genes Total | Enrichment FDR
GOTERM_BP_FAT G0:0055065~metal ion homeostasis 4 0.421| 0.125 GRIK2, AVPR1A, ATP12A, ITPR1 82 3.22 88.07
GOTERM_BP_FAT G0:0055080~cation homeostasis 4 0.421| 0.245 GRIK2, AVPR1A, ATP12A, ITPR1 82 2.31 98.87
GOTERM_BP_FAT G0:0006874~cellular calcium ion homeostasis 3 [0.316] 0.300 GRIK2, AVPR1A, ITPR1 82 2.70 99.66
GOTERM_BP_FAT G0:0055074~calcium ion homeostasis 3 0.316| 0.311 GRIK2, AVPRI1A, ITPR1 82 2.63 99.74
GOTERM_BP_FAT G0:0006875~cellular metal ion homeostasis 3 [0.316| 0.328 GRIK2, AVPR1A, ITPR1 82 2.53 99.83

SP_PIR_KEYWORDS ion transport 5 0.526| 0.340 SLC22A16, GRIK2, ATP12A, MONZ2, 99 1.68 99.42
GOTERM_BP_FAT G0:0048878~chemical homeostasis 5 [0.526| 0.368 GRIK2, AVPR1A, FOXO3, ATP12A, 82 1.61 99.93
GOTERM_BP_FAT 60:0030005"‘39"”'?};?Y'I;;Srt';‘s’:em Inorganic cation 1 5 19316 0.395 GRIK2, AVPRIA, ITPR1 82 218 99.97
GOTERM_BP _FAT G0:0055066~di-, tri-valent inorganic cation 3 0.316| 0.421 GRIK2, AVPRI1A, ITPR1 82 2.07 99.98
GOTERM_BP_FAT G0:0050801~ion homeostasis 4 0.421| 0.445 GRIK2, AVPR1A, ATP12A, ITPR1 82 161 99.99
GOTERM_BP_FAT G0:0030003~cellular cation homeostasis 3 [0.316]| 0.451 GRIK2, AVPR1A, ITPR1 82 1.95 99.99

. . GRIK2, IFNG, AVPR1A, FOXO3,
GOTERM_BP_FAT G0:0042592~homeostatic process 6 0.632| 0.470 ATP12A, ITPRL 82 1.32 100.00
. . SLC22A16, CDKN1B, GRIK2, ATP12A,
GOTERM_BP_FAT GO0:0006811~ion transport 6 0.632| 0.490 MON2, ITPR1 82 1.29 100.00
GOTERM_BP_FAT G0:0006873~cellular ion homeostasis 3 0.316| 0.660 GRIK2, AVPRI1A, ITPR1 82 1.32 100.00
GOTERM_BP _FAT G0:0055082~cellular chemical homeostasis 3 0.316| 0.669 GRIK2, AVPRI1A, ITPR1 82 1.30 100.00
GOTERM_BP_FAT G0:0019725~cellular homeostasis 3 0.316| 0.774 GRIK2, AVPR1A, ITPR1 82 1.06 100.00




Annotation Cluster 29

Enrichment Score*: 0.38445124362570404

Category

Term

Count

%

P -value

Genes

List
Total

Fold
Enrichment

FDR

SP_PIR_KEYWORDS

cell membrane

18

1.895

0.051

SLC22A16, CPM, GPRC5D, GPR19,
RGS7BP, GRIP1, GRIK2, RXFP2, GJB6,
CD164, GPRC5A, GJA3, GJB2, EREG,
GRM7, AVPR1A, RAP1B, GNG4

99

1.59

47.75

GOTERM_CC_FAT

G0:0005887~integral to plasma membrane

10

1.053

0.188

GPR19, EREG, GRIK2, EPGN, GRM?7,
AVPRI1A, CD164, ATP12A, GPRC5A,
SMPD2

70

1.54

92.51

GOTERM_CC_FAT

G0:0031226~intrinsic to plasma membrane

10

1.053

0.206

GPR19, EREG, GRIK2, EPGN, GRM7,
AVPR1A, CD164, ATP12A, GPRC5A,
SMPD2

70

1.50

94.30

GOTERM_CC_FAT

G0:0044459~plasma membrane part

15

1.579

0.295

GPR19, GRIP1, GRIK2, GJB6, CD164,
ATP12A, GPRC5A, GJA3, GJB2, EREG,
EPGN, GRM7, AVPR1A, GNG4, SMPD2

70

1.24

98.70

GOTERM_CC_FAT

G0:0005886~plasma membrane

21

2211

0.586

SLC22A16, CPM, GPRC5D, GPR19,
RGS7BP, GRIP1, GRIK2, RXFP2, GJBS6,
ATP12A, CD164, GPRC5A, GJA3, GJB2,
EREG, EPGN, GRM7, AVPR1A, RAP1B,

GNG4, SMPD2

70

1.02

100.00

GOTERM_CC_FAT

G0:0031224~intrinsic to membrane

30

3.158

0.604

SLC22A16, GPRC5D, CPM, RGS7BP,
GRIK2, LEMD3, ATP12A, GPRC5A,
GJA3, B3GALNT2, ZDHHC20, XPOT,
GPR19, IPO11, RXFP2, GJB6, CD164,
ITPR1, MON2, GJB2, RNF180, EREG,
SLC35E3, EPGN, GRM7, TOMM20,
AVPRI1A, NUP107, AREG, SMPD2

70

1.00

100.00

SP_PIR_KEYWORDS

transmembrane

25

2.632

0.659

SLC22A16, GPRC5D, GRIK2, LEMD3,
ATP12A, GPRC5A, GJA3, B3GALNT2,
ZDHHC?20, GPR19, RXFP2, GJB6,
CD164, ITPR1, MON2, GJB2, RNF180,
EREG, SLC35E3, EPGN, GRM7,
TOMM20, AVPR1A, AREG, SMPD2

99

0.98

100.00

UP_SEQ FEATURE

topological domain:Cytoplasmic

17

1.789

0.676

GPRC5D, GPR19, GRIK2, RXFP2, GJB6,
CD164, ATP12A, GPRC5A, ITPR1, GJAS,
GJB2, EREG, EPGN, GRM7, B3GALNTZ,

TOMM20, AVPR1A

99

0.97

100.00




SLC22A16, GPRC5D, CPM, RGS7BP,
GRIK2, GRIP1, LEMD3, ATP12A,
GPRC5A, GJA3, B3GALNT2, ZDHHC20,

SP_PIR_KEYWORDS membrane 31 |[3.263| 0.693 GNG4, GPR19, RXFP2, GJB6, FIG4, 99 0.96 100.00
CD164, ITPR1, MON2, GJB2, RNF180,
EREG, SLC35E3, EPGN, GRM7,
TOMM20, AVPR1A, RAP1B, AREG,
SLC22A16, GPRC5D, GRIK2, LEMD3,
ATP12A, GPRC5A, GJA3, B3GALNT2,
ZDHHC20, XPOT, GPR19, IPO11,
GOTERM_CC_FAT G0:0016021~integral to membrane 28 |2.947| 0.694 RXFP2, GJB6, CD164, ITPR1, MON2, 70 0.97 100.00
GJB2, RNF180, EREG, SLC35E3, EPGN,
GRM7, TOMM20, AVPR1A, NUP107,
AREG, SMPD2
SLC22A16, GPRC5D, GPR19, GRIK2,
RXFP2, LEMDS3, GJB6, ATP12A, CD164,
. GPRC5A, ITPR1, GJA3, GJB2, RNF180,
UP_SEQ_FEATURE transmembrane region 24 2526 0.729 EREG, EPGN, SLC35E3, GRM7, 99 0.94 100.00
B3GALNT2, AVPR1A, TOMM20, AREG,
ZDHHC20, SMPD2
GPRC5D, GPR19, EREG, GRIK2, EPGN,
UP_SEQ_FEATURE topological domain:Extracellular 13 |1.368| 0.755 | GRM7, RXFP2, AVPR1A, GJB6, CD164, 99 0.92 100.00
GPRC5A, GJA3, GJB2
Annotation Cluster 30 Enrichment Score*: 0.25989130151612383
List Fold
Category Term Count| % [P-value Genes Total | Enrichment FDR
GOTERM BP_FAT G0:0006928~cell motion 4 10.421| 0.545 SLC22A16, LYST, WASF1, IFNG 82 1.39 100.00
GOTERM_BP_FAT GO0:0051674~localization of cell 3 0.316| 0.552 SLC22A16, LYST, IFNG 82 1.61 100.00
GOTERM BP_FAT G0:0048870~cell motility 3 0.316| 0.552 SLC22A16, LYST, IFNG 82 1.61 100.00
Annotation Cluster 31 Enrichment Score*: 0.2555111568636755
List Fold
Category Term Count| 9% |P-value Genes Total | Enrichment FDR
GOTERM_BP_FAT G0:0048878~chemical homeostasis 5 0.526| 0.368 GRIK2, AVPR1A, FOX03, ATP12A, 82 1.61 99.93
. GRIK2, IFNG, AVPR1A, FOXO3,
GOTERM_BP_FAT G0:0042592~homeostatic process 6 0.632| 0.470 ATP12A, ITPRL 82 1.32 100.00
GOTERM_CC _FAT G0:0005624~membrane fraction 5 0.526| 0.643 |GRIK2, LEMD3, FOXO3, ITPR1, SMPD2 70 1.13 100.00
GOTERM_CC _FAT G0:0005626~insoluble fraction 5 0.526| 0.672 |GRIK2, LEMD3, FOXO3, ITPR1, SMPD2 70 1.09 100.00




GRIK2, IL26, LEMD3, FOXO3, ITPR1,

GOTERM_CC_FAT G0:0000267~cell fraction 6 0.632| 0.706 SMPD2 70 1.01 100.00
Annotation Cluster 32 Enrichment Score*: 0.17973247318705154
List Fold
[0) _

Category Term Count| % |P-value Genes Total | Enrichment FDR
GOTERM_BP_FAT G0:0010033~response to organic substance 5 0.526| 0.633 IRAK3, IFNG, AVPR1A, GNG4, LATS2 82 1.14 100.00
GOTERM_BP_FAT G0:0009725~response to hormone stimulus 3 [0.316] 0.650 AVPR1A, GNG4, LATS2 82 1.35 100.00
GOTERM_BP_FAT G0:0009719~response to endogenous stimulus 3 [0.316]| 0.703 AVPR1A, GNG4, LATS?2 82 1.22 100.00

Annotation Cluster 33 Enrichment Score*: 0.12233613185272882
List Fold
[0) -

Category Term Count| % |P-value Genes Total | Enrichment FDR
GOTERM_CC_FAT G0:0031410~cytoplasmic vesicle 4 0.421| 0.681 PPBP, GRIP1, GPRC5A, ITPR1 70 1.14 100.00
GOTERM_CC _FAT GO0:0031982~vesicle 4 0.421| 0.709 PPBP, GRIP1, GPRC5A, ITPR1 70 1.09 100.00
GOTERM_CC_FAT G0:0005783~endoplasmic reticulum 5 [0.526]| 0.771 RNF180, GRIP1, GPRC5A, ITPR1, 70 0.95 100.00
GOTERM_CC _FAT | GO:0016023~cytoplasmic membrane-bounded vesicle 3 [0.316]| 0.804 PPBP, GRIP1, ITPR1 70 1.00 100.00
GOTERM_CC_FAT G0:0031988~membrane-bounded vesicle 3 [0.316| 0.818 PPBP, GRIP1, ITPR1 70 0.96 100.00

Annotation Cluster 34 Enrichment Score*: 0.09664426030652046
List Fold
[0) -
Category Term Count| % |P-value Genes Total | Enrichment FDR
SCML4, ZMYM2, GRIP1, ARID4B,
] . . SAP18, FOX03, IL22, ZBTB24, IRAKS,
GOTERM_BP_FAT G0:0045449~regulation of transcription 16 (1.684| 0.609 CDKN1B, EREG, ASCC3, IFNG, PSPCL, 82 1.01 100.00
CAND1, CREBL2
. . SCML4, ZMYM2, ASCC3, ARID4B,
SP_PIR_KEYWORDS transcription regulation 10 |1.053( 0.717 PSPCL, SAP18, CANDL, FOXO3, 99 0.96 100.00
. SCML4, ZMYM2, ASCC3, ARID4B,
SP_PIR_KEYWORDS Transcription 10 |1.053| 0.741 PSPCL, SAP18, CANDL, FOXO3, 99 0.94 100.00
SCML4, ZMYM2, EREG, ASCC3,
GOTERM_BP_FAT G0:0006350~transcription 11 |[1.158| 0.828 ARIDA4B, PSPC1, SAP18, CAND1, 82 0.86 100.00
FOX03, ZBTB24, CREBL2
SP_PIR_KEYWORDS dna-binding 5 0.526| 0.989 ARIDAS, LEM(E)RSI’EE(L);OS’ ZBTB24, 99 0.52 100.00
GOTERM_MF_FAT G0:0003677~DNA binding 7 0.737| 0.994 SCML4, ARID48, LEMDS, FOXO03, 74 0.53 100.00

PARP4, ZBTB24, CREBL?2

Annotation Cluster 35

Enrichment Score*: 0.0760891030134105




List Fold
Category Term Count| % |P-value Genes Total | Enrichment FDR
GOTERM_Bp_FAT | C0:0045934-negative regulation of nucleobase, 3 |0316| 0817 CDKN1B, EREG, GRM7 82 0.97 100.00
- - nucleoside, nucleotide and nucleic acid metabolic
GOTERM_BP_FAT (0:0051172~negative regulation of nitrogen 3 |0.316| 0.823 CDKN1B, EREG, GRM7 82 0.95 100.00
- - compound metabolic process
GOTERM_BP_FAT (0:0031327~negative regulation of cellular 3 |0.316| 0.855 CDKNL1B, EREG, GRM7 82 0.88 100.00
- - biosynthetic process
GOTERM_BP_FAT G0:0009890~negative regulation of biosynthetic 3 0.316| 0.863 CDKN1B, EREG, GRM7 82 0.86 100.00
Annotation Cluster 36 Enrichment Score*: 0.07593946676781624
List Fold
Category Term Count| % |P-value Genes Total | Enrichment FDR
CPM, RNF17, ZMYM2, ZMYMS5, SOBP,
- ATP12A, LATS2, ZBTB24, MSRB3,
SP_PIR_KEYWORDS metal-binding 14 |1.474| 0.766 RNF180, GNS, MICALL, ZDHHC20. 99 0.92 100.00
SMPD2
RNF180, CPM, ZMYM2, RNF17, ZMYM5,
SP_PIR_KEYWORDS zinc 10 |[1.053| 0.798 SOBP, MICAL1, ZDHHC20, ZBTB24, 99 0.89 100.00
MSRB3
CPM, RNF17, MTHFD2L, ZMYM2,
ZMYMS5, SOBP, ATP12A, ITPR1, LATS2,
GOTERM_MF_FAT G0:0046872~metal ion binding 21 (2.211] 0.829 | ZBTB24, MSRB3, GNS, RNF180, IRAK3, 74 0.89 100.00
GRM7, HEBP1, MICAL1, DYRK2,
ZDHHC?20, RTN4IP1, SMPD2
CPM, RNF17, MTHFD2L, ZMYM2,
ZMYM5, SOBP, ATP12A, ITPR1, LATS2,
GOTERM_MF_FAT G0:0043169~cation binding 21 |2.211| 0.842 | ZBTB24, MSRB3, GNS, RNF180, IRAKS, 74 0.88 100.00
GRM7, HEBP1, MICAL1, DYRK2,
ZDHHC?20, RTN4IP1, SMPD2
RNF180, CPM, ZMYM2, RNF17, ZMYM5,
GOTERM_MF_FAT G0:0008270~zinc ion binding 11 |1.158| 0.860 SOBP, MICAL1, ZDHHC20, RTN4IP1, 74 0.84 100.00
ZBTB24, MSRB3
CPM, RNF17, MTHFD2L, ZMYM2,
ZMYM5, SOBP, ATP12A, ITPR1, LATS2,
GOTERM_MF_FAT G0:0043167~ion binding 21 |2.211| 0.862 | ZBTB24, MSRB3, GNS, RNF180, IRAKS3, 74 0.87 100.00

GRM7, HEBP1, MICAL1, DYRK2,
ZDHHC20, RTN4IP1, SMPD2




RNF180, ZMYM2, RNF17, ZMYMS5,

SP_PIR_KEYWORDS zinc-finger 7 10.737| 0.881 SOBP, ZDHHC20, ZBTB24 99 0.79 100.00
RNF17, ZMYM2, CPM, ZMYM5, SOBP,
GOTERM_MF_FAT GO0:0046914~transition metal ion binding 13 |1.368| 0.886 ZBTB24, MSRB3, RNF180, HEBP1, 74 0.82 100.00
MICAL1, DYRK2, ZDHHC20, RTN4IP1
Annotation Cluster 37 Enrichment Score*: 0.07471262524024755
List Fold
0] -
Category Term Count| % |P-value Genes Total | Enrichment FDR
GOTERM_CC_FAT G0:0005730~nucleolus 4 10.421] 0.735 DDX47, GPR19, PSPC1, ITPR1 70 1.05 100.00
SP_PIR_KEYWORDS rna-binding 3 ]0.316| 0.766 XPOT, DDX47, PSPC1 99 1.08 100.00
GOTERM_CC_FAT G0:0044451~nucleoplasm part 3 0.316| 0.808 ZMYM2, PSPC1, SAP18 70 0.99 100.00
GOTERM_CC_FAT G0:0031981~nuclear lumen 7 10.737( 0.810 XPOT, DDX47, ZMYM2, GPR19, PSPCL, 70 0.88 100.00
SAP18, ITPR1
GOTERM_CC_FAT G0:0005654~nucleoplasm 4 10.421| 0.864 XPOT, ZMYM2, PSPC1, SAP18 70 0.83 100.00
) XPOT, DDX47, ZMYM2, PPBP, GPR19,
GOTERM_CC_FAT G0:0043233~organelle lumen 8 0.842| 0.878 PSPCL, SAP18, ITPRL 70 0.80 100.00
) XPOT, DDX47, ZMYM2, PPBP, GPR19,
GOTERM_CC_FAT G0:0031974~membrane-enclosed lumen 0.842| 0.891 PSPCL, SAP18, ITPRL 70 0.79 100.00
GOTERM_MF_FAT G0:0003723~RNA binding 3 ]0.316| 0.918 XPOT, DDX47, PSPC1 74 0.73 100.00
GOTERM_CC_FAT G0:0070013~intracellular organelle lumen 7 10.737| 0.932 XPOT, DDX47, ZMYM2, GPR19, PSPCL, 70 0.72 100.00

SAP18, ITPR1

*Enrichment Score, -10x the geometric mean of the collective p-values, score >1.3 is equivalent to 0.05 in -log scale.




Supplementary Table 6. Comparison of ROH hotspots found in sheep populations in different studies

based on the ovine genome assembly 3.1 (positions are indicated in Mb).

Mastrangelo | Mastrangelo | Mastrangelo | Mastrangelo Purfield
Chr* Current |etal. (2018) | etal.(2018) | etal. (2018) et al. (2018) et al. (2017)
Research | Meat breeds | Milk breeds | Wool breeds Milk-Meat Meat breeds
breeds
- 131.62- - - -
131.99
- - - - 178.04-188.4 -
! - 195.23- - - - -
207.26
- - - - 214.73-228.13 -
- - - - - 35.78-35.93
- - - - - 36.08-39.59
- - 76.24-90.43 - - -
- - 101.07-103.4 - - -
- - - - - 107.77-
2 111.34
- - - - - 115.48-
122.52
- - - - - 123.36-
126.34
- 130.02- - - -
132.36
- 15.82-16.42 15-16.4 - - -
- 27.34-29.33 - - - -
- - 30.29-32.73 - - -
3 - - - - - 44.48-47.29
- - 110.78- - - -
112.42
150.5-158.26 - - - - -
201.71- - - - - -
202.14
4 - 53.4-55.2 - - - -
- - - 38.74-44.27 -
- - - - - 47.02-48.82
- - - - - 49.38-49.9
> - - - - - 59.73-60
- - - 73.71-75.9 - -
- - - 79.65-89.49 - -
- - 99.76-100.41 - - -
38.61-38.63 - - - 37.08-39.16 -
- - - - 41.38-43.29 -
76.98-77.52 - - - - -
6 88.25-89.18 - - - - -
90.78-91.06 - - - - -




94.85

7 - = 47.76-49.6 - - -
12.6-13.00 - - - - -
25.66 - - - - -

8 [726.69-28.73 - - - - -
29.40-30.51 - - - - -
35.13-36.25 - - - - -

9 - 49.15-49.28 - - - -

- - - 18.63-23.13 18.63-25.62 -
29.47-29.51 - - - - -

100 [732.96-33.05 - - - - -
35.56-39.90 - - - - -

- - - 48.1-48.28 - -

12 - 32.02-32.17 - - - -

- - - 19.84-23.88 - -

15 - 31.53-33.69 - - - -
14.95-15.36 - - - - -

16 | 16.72-17.04 - - - - -
17.32-17.45 - - - - -
18.72 - - - - -

19 | 21.35-21.54 - - - - -

- - - - - 19.39-19.5

22 - - - 21.45-30.81 - -

- - - 32.95-35.08 - -

23 - - 36.63-39.06 - - -

25 7.35-8.51 - - - - -

26 - - - 42.57-43.33 - -

*Chr, Chromosome.




Supplementary Figure 1. Weighted principal component analysis of 11 Spanish sheep breeds and
reference populations from Europe.
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Supplementary Figure 2. Plot of ADMIXTURE cross-validation error from K = 2 through K = 37. It can
be seen that at K=33 the cross-validation error is minimized.
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Supplementary Figure 3. Admixture analysis (K= 33) of 11 Spanish sheep breeds and reference
populations from Europe, North Africa, Central Africa and Near East.
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Supplementary Figure 4. Admixture analysis (K= 2-37) of 11 Spanish sheep breeds and reference
populations from Europe, North Africa, Central Africa and Near East.
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Supplementary Figure 5. A reduced view of Figure 2 focused on sheep with less than 50 ROH and
less than 300 Mb of total ROH coverage. This analysis includes 11 Spanish sheep breeds.
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