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Goats (Capra hircus) are one of the oldest species of do-
mesticated animals. Native Korean goats are a particularly 
interesting group, as they are indigenous to the area and 
were raised in the Korean peninsula almost 2,000 years 
ago. Although they have a small body size and produce 
low volumes of milk and meat, they are quite resistant to 
lumbar paralysis. Our study aimed to reveal the distinct 
genetic features and patterns of selection in native Korean 
goats by comparing the genomes of native Korean goat 
and crossbred goat populations. We sequenced the whole 
genome of 15 native Korean goats and 11 crossbred goats 
using next-generation sequencing (Illumina platform) to 
compare the genomes of the two populations. We found 
decreased nucleotide diversity in the native Korean goats 
compared to the crossbred goats. Genetic structural anal-
ysis demonstrated that the native Korean goat and cross-
bred goat populations shared a common ancestry, but 
were clearly distinct. Finally, to reveal the native Korean 
goat’s selective sweep region, selective sweep signals 
were identified in the native Korean goat genome using 
cross-population extended haplotype homozygosity (XP-
EHH) and a cross-population composite likelihood ratio 
test (XP-CLR). As a result, we were able to identify candi-
date genes for recent selection, such as the CCR3 gene, 
which is related to lumbar paralysis resistance. Combined 
with future studies and recent goat genome information, 
this study will contribute to a thorough understanding of 
the native Korean goat genome. 
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INTRODUCTION 
 
Goats (Capra hircus) are one of the oldest species of domesti-
cated animals and their domestication started in western Iran 
about 10,000 years ago. With 599 breeds (Kim et al., 2014) 
arising in different environmental conditions and selected via 
both natural selection and artificial selection, goats have devel-
oped different traits and are used for their meat, milk, wool, and 
skin. 

Native Korean goats have been raised in the peninsula over 
the last 2,000 years (Kim et al., 2014). Because native Korean 
goats produce low volumes of milk and meat, researchers opt-
ed to cross them with Saanen goats that are believed to pro-
duce greater volumes of both milk and meat. As Saanens are 
the largest goat breed among the dairy types and are also con-
sistently good milk producers, they have been used most often 
to form the crossbred goat group. In addition, the Boer goat, 
which is developed for meat production, has also been used for 
crossbreeding. These crossbred black goats in Korea not only 
have a higher milk yield but also a higher growth rate than the 
native goats. In addition, when fully grown, the crossbred goats 
are bigger than the native Korean goats (Son, 1999). 

Detecting genetic variants related to phenotypic traits is an 
important issue in livestock genomic research. Due to their 
large differences in body size, weight, muscle mass, milk pro-
duction, and coat color (http://cemendocino.ucanr.edu/files/ 
131469.pdf, accessed on September 2016), goats are good 
model animals for genetic studies. However, only a few studies 
have analyzed the genetic resources of goats. Moreover, stud-
ies of native Korean goat populations using whole-genome 
sequencing have not yet been reported and there have been 
no studies focusing on selective sweep signatures. Using next-
generation sequencing (NGS), it is possible to examine known 
and unknown single nucleotide polymorphisms (SNPs) in the 
genome. Selective sweep signatures that have contributed to 
the domestication process should also be identified. Therefore, 
our study aimed to reveal the different genetic features of native 
Korean goats and elucidate the selective sweep signatures that 
have contributed to phenotypic appearances using whole-
genome NGS data at the population level. 
 
MATERIALS AND METHODS 
 
Sample preparation and whole-genome sequencing 
Whole-blood samples were collected from 11 crossbred goats 
and 15 native Korean goats in Korea. Blood samples from the 
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native Korean goats were collected from the Animal Genetic 
Resources Station, National Institute of Animal Science, Rural 
Development Administration in Korea. For the crossbred goats, 
we obtained the samples from a Korean small black goat farm. 
Blood (10 ml) was drawn from the carotid artery and treated 
with heparin to prevent clotting. DNA was isolated from the 
whole blood solution using a G-DEXTMIIb Genome DNA Ex-
traction Kit (iNtRoN Biotechnology, Korea) according to the 
manufacturer’s protocol. We randomly sheared 3 μg of ge-
nomic DNA using the Covaris System to generate inserts of 
about 300 bp. The fragments of sheared DNA were end-
repaired, A-tailed, adaptor-ligated, and amplified using a 
TruSeq DNA Sample Prep Kit (Illumina, USA). Paired-end se-
quencing of the goat genomes to about ten-fold coverage was 
conducted at NICEM (National Instrumentation Center for Envi-
ronment Management, Seoul, Korea) using the Illumina HiS-
eq2000 platform with the TruSeq SBS Kit vs-HS (Illumina). All 
of the short-read data have been deposited at the Short Read 
Archive (SRA) under accession lot SRA160379. 
 
Sequencing alignment and variant calling 
Approximately 220,000,000-230,000,000 paired-end reads 
were mapped to the reference goat genome (Dong et al., 2013) 
from the Goat Genome Database Web site (http://goat.kiz. 
ac.cn/) using Bowtie 2-2.1.0 and default settings (Langmead 
and Salzberg, 2012). Open-source packages were used for 
downstream processing and variant calling for SNPs and IN-
DELs, including Picard tools 1.94 (http://picard.sourceforge.net), 
SAMtools 0.1.19 (Li et al., 2009), VCFtools 4.0 (Danecek et al., 
2011), and the Genome Analysis Toolkit (GATK) 2.6.4 (McKenna 
et al., 2010). A Read Group was added and duplicate reads 
were removed. All of the mate-pair information between each 
read was confirmed using the module MarkDuplicates, and 
FixMateInformation of Picard tools. SAMtools was used to in-
dex the resulting bam format files and calculate the mapped 
read length with the flagstat option (Li et al., 2009). The mod-
ules RealignerTargetCreator, IndelRealigner, UnifiedGenotyper, 
SelectVariants, and VariantFiltration in GATK were used for 
realignment and variant calling. VCFtools was used for han-
dling the VCF format files (Danecek et al., 2011). Substitution 
calls were made using the GATK UnifiedGenotyper module 
(McKenna et al., 2010). SNPs and INDELs called with a 
PhRed-scaled quality score of < 30 were filtered out. Variants 
were removed based on MQ0 (mapping quality score 0) > 3, 
(MQ0/read depth) > 0.1 (10%), quality depth < 5, and FS 
(PhRed-scaled P-value using Fisher’s exact test to detect 
strand bias) > 200. After filtering, the SNPs were filtered out 
again by removing those within 10 bp of INDELs. For the last 
SNP filtering step, only biallele-type SNPs were considered to 
be real SNPs. For the haplotype information on each chromo-
some, we used BEAGLE (Browning and Browning, 2007) to 
infer the haplotype phase and impute missing alleles simulta-
neously for the entire set in the goat population. 
 
Statistical analysis 
To identify and compare highly variable regions, the distribution 
of variants and nucleotide diversity information was obtained based 
on the goat reference genome (Dong et al., 2013) from the Goat 
Genome Database website (http://goat.kiz.ac.cn/). VCFtools 
was used to count the number of variants and the nucleotide 
diversity in each 1-Mb bin region (Danecek et al., 2011). 
 
Variant annotation 
To identify SNPs that contribute to differences in phenotypes 

between native Korean goats and crossbred goats, VCF format 
files of candidate SNPs were separately concatenated using 
VCFtools (Danecek et al., 2011). Variant regions were then 
annotated using SNPEff (Cingolani et al., 2012) with a GFF 
format file (Dong et al., 2013) from the Goat Genome Database 
website (http://goat.kiz.ac.cn/). We filtered out variants that 
were not population-specific, and we searched for breed-
specific non-synonymous genes. To identify genes that have 
distinct allele types (between Korean native goats and cross-
bred goats), we used the protein IDs of the Ensembl Genome 
Browser [http://www.ensembl.org; (Hubbard et al., 2002)] in an 
annotated file. 
 
Principal component analysis 
We performed principal component analysis (PCA) (Jackson, 
2005) to examine population differentiation between native 
Korean goats and crossbred goats using genotype data from 
15 native Korean goats and 11 crossbred goats. We used 
GCTAtool (Browning and Browning, 2007), which implements 
PCA in EIGENSTRAT (Price et al., 2006), to estimate eigen-
vectors. VCFtools (Danecek et al., 2011) and PLINK (Purcell et 
al., 2007) were used to prepare input data sets for GCTAtool 
(Yang et al., 2011). 
 
Population structure analysis 
We used STRUCTURE software (Evanno et al., 2005) to iden-
tify the genetic proportions of each goat individual from ances-
tral populations. STRUCTURE software uses Bayesian algo-
rithms to detect the true number of clusters, also referred to as 
K (the number of ancestral populations). BEAGLE was used to 
generate input files for running STRUCTURE using single nu-
cleotide variants (SNVs) in every 50 SNVs located in only inter-
genic regions to avoid bias from evolutionary gene acceleration. 
We used 100,000 iterations with 2,000 burn-in iterations for 
each analysis from K = 2-4. 
 
Deciphering candidate genes under positive selection 
We used the cross-population extended haplotype homozy-
gosity (XP-EHH) method (Sabeti et al., 2007) to test for signa-
tures of selective sweeps, which calculates haplotype decay 
separately for each group using the EHH (Sabeti et al., 2002). 
The test integrates these values with respect to genetic dis-
tance and calculates a log ratio iHH for the native Korean goats 
and the crossbred goats. The calculation for XP-EHH was per-
formed using the software xpehh [(Sabeti et al., 2007); http:// 
hgdp.uchicago.edu/Software/]. We assumed that genetic dis-
tance was equal to physical distance. These log ratios (un-
standardized XP-EHH) were standardized to have a mean of 
zero and a variance of one, and these XP-EHH scores or z-
scores were assigned P-values assuming a normal distribution, 
with the exception of tails that diverged from the null expecta-
tion. The top 100 loci based on P-value (Benjamini and Hochberg, 
1995) were considered strong signals. Since XP-EHH is not 
sensitive to allele frequencies, there was no need to stratify 
data into frequency bins before determining significance. Next, 
we performed the cross-population composite likelihood ratio 
test (XP-CLR) using XP-CLR software with non-overlapping 
windows of 50 kb (Chen et al., 2010). The XP-CLR used two 
models: the Brownian motion model was used to model genetic 
drift under neutrality and a deterministic model was used to 
approximate the effect of a selective sweep on SNPs in the 
vicinity (Chen et al., 2010). The XP-CLR uses allele frequency 
differentiation between populations. Compared to the allele 
frequency spectrum-based methods, the XP-CLR is much 
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Table 1. Major candidate genes obtained from XP-CLR and XP-EHH analysis 

Candidate 
genes 

Chromosome Start End Max XP-
CLR 

XP-
CLR 

P-value

Max XP-
EHH 

XP-EHH 
P-value 

Description 

CCR3 22 52849231 52882844 23.73496 0.005 - - Receptor for a C-C type chemokine 
HM13 13 59025564 59064557 21.42064 0.01 - - Minor histocompatibility antigen H13 
IGSF10 1 114342294 114369614 18.15857 0.01 - - Immunoglobulin superfamily member 10
ROBO1 1 24953553 26069449 24.10493 0.01 - - Roundabout homolog 1 
ROBO 2 1 22148573 22808722 19.23946 0.05 - - Roundabout homolog 2 
CLNK 6 102650000 102700000 - - 3.61921 0.0074 Cytokine-dependent hematopoietic cell 

linker 
NTM 29 33380373 34343966 28.250062 0.01 3.68597 0.0061 Neurotrimin 
MYO5A 4 54037221 54172686 15.234912 - - - Myosin, Heavy Polypeptide Kinase 
 
 
 
Table 2. CCR3 region sequence information of the 11 loci  

CHR1 BP2 Alt3 Native4 Cross5 Ref6 CHISQ7 P8 OR9 

22 52854331 T 2 21 G 31.92 1.61E-08 0.01667 
22 52859337 G 2 21 C 31.92 1.61E-08 0.01667 
22 52860819 A 2 21 T 31.92 1.61E-08 0.01667 
22 52850476 G 23 5 A 28.72 8.37E-08 38.33 
22 52870519 G 21 5 A 23.01 1.61E-06 21 
22 52872604 T 21 5 A 23.01 1.61E-06 21 
22 52873011 A 21 5 G 23.01 1.61E-06 21 
22 52880722 C 21 5 T 23.01 1.61E-06 21 
22 52854052 G 20 5 C 20.46 6.08E-06 16.67 
22 52851203 C 19 5 T 18.1 2.10E-05 13.57 
22 52851723 T 19 5 G 18.1 2.10E-05 13.57 

CHR1 = Chromosome Number; BP2 = SNP physical location; Ref 3 = Reference allele code; Alt4 = Alternate allele code; Native5 = Korean native 
goats alternative allele frequency; Cross6= Cross breed goats alternative allele frequency; CHISQ7= chi-square test statistic (1df); P8 = p-value; 
OR9 = Odds ratio 
 
 
 
more robust when ascertaining bias in SNP discovery (Chen et 
al., 2010). We designated windows with an XP-CLR value in 
the top 1% of the empirical distribution. Genes located in the 
regions under significant selection were annotated and as well 
as those undergoing XP-EHH analysis, the lowest top 100 loci 
based on P-value were regarded as selective sweep candi-
dates. Candidates identified from both the XP-EHH and XP-
CLR results were annotated to the closest genes that spanned 
(partially or completely) the window regions using CHIR_1.0 
(Dong et al., 2013). These were defined as candidate genes. 
DAVID (Database for Annotation, Visualization, and Integrated 
Discovery) was used for gene ontology and pathway analyses 
(Dennis Jr et al., 2003). Finally, to identify CCR3 sequence 
structure, gene association studies were performed using 
PLINK (Purcell et al., 2007). 
 
RESULTS 
 
Genetic variations in native Korean and crossbred goats 
We generated NGS pair-end reads to about ten-fold coverage 
for 15 native Korean goats and 11 crossbred goats using Illu-
mina HighSeq2000 to obtain goat re-sequencing data. For 
each individual goat, over 92% of all the reads [excluding pos-

sible polymerase chain reaction (PCR) duplicates] were suc-
cessfully aligned to the reference goat genome [domestic goat, 
Capra hircus, 2n = 60, predicted size = 2.66 Gb; (Dong et al., 
2013)] (Supplementary Table 1). The mapped reads covered 
an average of 94.77% of the reference genome (Supplemen-
tary Table 2), and read coverage of the reference genome was 
calculated using BEDTools (Quinlan and Hall, 2010). 

In total, 22,759,033 SNVs and 2,450,921 INDELs were iden-
tified, and 26.6% of these SNVs and 26.8% of the INDELs were 
located in genic regions (Supplementary Table 3), while 73.4% 
of the SNPs and 73.2% of the INDELs were located in intergen-
ic regions. Within the genic regions, 845,203 SNVs and 
108,653 INDELs were detected in only the native Korean goat 
population and 1,661,071 SNVs and 108,653 INDELs were 
detected in only the crossbred goat population (Supplementary 
Table 4). The average nucleotide change rate was 1 per 110 
base pairs. Distribution of the SNVs in the goat genome 
showed that the terminal part of the chromosome was highly 
variable, and that the X chromosome showed less variation 
than the autosomes (Fig. 1). 
 
Nucleotide diversity of the Korean native goat population 
We examined the nucleotide diversity of native Korean goats 
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Fig. 1. Distribution of SNVs in the Korean native goat genome. Each segment represents a 1-Mb binning region of chromosomes, which were 
colored according to the number of SNVs in the region. The 1-Mb binning region with red color showed more variations, and the binning region 
with blue color showed less variation. The top 5% of highly variable regions contained a dot on the chromosome bar. A black dot represents 
the 1-Mb binning region including the genic region, and the gray dot represents the 1-Mb binning region including the intergenic region. 
 
 
 

A                                   B 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Population structure of goat breeds assessed using STRUCTURE and Result of Principal Component Analysis. (A) Each segment 
represents the proportion of a goat individual genome from ancestral populations. Different colored segments in individuals assume that part of 
the genome originated from different ancestral populations. This figure shows the genetic structure of goat breeds when we assume that the 
number of ancestral population of goats is 2-4. (B) Green circles are individuals in Korean native goats, and light blue circles are individuals in 
crossbred goats. The horizontal axis indicates eigenvector 1, and the vertical axis indicates eigenvector 2. Values of eigenvectors were esti-
mated using GCTA tool. 
 
 
 
and crossbred goats using VCFtools (Danecek et al., 2011). 
We also counted the number of SNVs and integrated them for 
each 1-Mb bin region of the genome using VCF format files, 
which contained variant information on 26 goats based on the 
reference goat genome (Dong et al., 2013). The overall distri-
butions of native Korean goats and crossbred goats in terms of 
nucleotide diversity differed. Native Korean goats generally 
showed lower nucleotide diversity (total average nucleotide 
diversity = 0.0007) than the crossbred goats (total average 
nucleotide diversity = 0.0010) and the SNV density of the native 
Korean goats (total average SNV density = 6662.83) was also 
lower than the crossbred goats (total average SNV density = 
7701.61) in the same genomic regions (Supplementary Figs. 1 
and 2). 
 
Population structure of Korean native and crossbred goats 
According to the PCA results (Jackson, 2005), the native Kore-
an goats were clearly distinct from the crossbred goats (Fig. 2). 

We then examined the genetic structures of native Korean and 
crossbred goat populations through admixture analysis using 
STRUCTURE software (Evanno et al., 2005). We observed 
that the native Korean and crossbred goats shared a majority of 
their ancestral states and that the crossbred goats originated 
from the crossbreeding of native Korean native goats with other 
breeds (Fig. 2). 
 
Highly variable native Korean goat genomic regions  
We took the top 5% of the highly variable regions among all the 
chromosomal regions in each population as significant. We 
referenced the Goat Genome Database (Dong et al., 2013) and 
the Ensembl Genome Database (Hubbard et al., 2002) to iden-
tify gene locations and annotation information (Supplementary 
Table 5). We then performed gene ontology (GO)-term analysis 
of gene sets in highly variable regions that we identified to clari-
fy the differences in the gene distribution of native Korean goat 
variable regions. The DAVID analysis tool (Dennis Jr et al., 
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Fig. 3. Manhattan plot shows the (A) XP-
EHH and (B) XP-CLR between Korean
native goat and crossbred goat populations.
The vertical axis indicates –log10 (p-value)
of XP-EHH and XP-CLR values 
 

A. XP-EHH 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
B. XP-CLR 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2003) was used for analysis of GO-terms and the Kyoto Ency-
clopedia of Genes and Genomes (KEGG) pathways (Huang et 
al., 2009). As a result, the variable regions were found to be 
significantly enriched with genes involved in sensory perception 
in terms of the Biological Process GO-term and Olfactory 
transduction in the KEGG pathways (Supplementary Table 6). 
 
Non-synonymous SNP study of native Korean goats  
Among 16,570,906 SNV sites, we identified 76 significant non-
synonymous SNP sites of native Korean goats using generated 
re-sequenced data and SNPEff Software. We identified the 
chymosin (CYM) and collagen, type Xi, alpha 2 (COL11A2) 
genes which may contribute to growth and body size differ-
ences between the two populations (Supplementary Table 7). 
 
Putative selective sweep signatures observed in the native 
Korean population 
We estimated the XP-EHH values (Sabeti et al., 2007) to detect 
selective sweep regions and performed a pairwise test of the 
native Korean and crossbred goat populations (Fig. 3). The 
genome was split into non-overlapping segments of 50 kb and 
we computed the maximum XP-EHH score in each segment. 
To define the empirical P-value, the genomic windows were 
binned in increments of 500 SNPs according to methods used 
elsewhere (Lee et al., 2014). The regions with P-values less 
than 0.01 (1%) were considered strong signals of positive se-
lection in the native goat population. Based on the P-value from 
the XP-EHH test, we identified 82 loci under positive selection. 
Significant loci were annotated to the closest genes and we 
found 64 genes (Supplementary Table 8). 

In addition, we used an XP-CLR (Chen et al., 2010) to detect 
selective sweep regions between the two populations (Fig. 3). 
Using the top 100 XP-CLR score regions, 161 significant genes 
were identified in the native Korean population. Based on the 
161 genes, we performed GO-term analysis using the DAVID 
analysis tool (Dennis Jr et al., 2003). GO-term cell adhesion 
(FDR < 0.05) was among the most enriched functional catego-
ries that might be related to lumbar paralysis. In addition, neu-
ron development was enriched in the GO-term (FDR < 0.05) 
(Supplementary Table 9). Among the genes identified in native 
Korean goats, we chose CCR3, which is involved in lumbar 
paralysis, and calculated the frequencies of SNPs between the 
native and crossbred goats using the PLINK program. As a 
result, we found 11 loci that are related to CCR3 sequence 
differences (Table 2). 
 
DISCUSSION 
 
Goat genomes confirm breeding history 
Native Korean goat populations and some outbred goat lines 
were used to form crossbred goat populations; this population 
was based on native Korean goats but was meant to improve 
on the inferior traits of these same goats. From whole-genome 
sequencing data, we observed a reduction in nucleotide diversi-
ty in native Korean goats compared with the crossbred goats; 
this might be an indication of inbreeding in native Korean goats 
(Supplementary Fig. 1). In support of our findings, other schol-
ars (Odahara et al., 2006) have shown that native Korean 
goats have lower genetic variability compared with other Asian 
goat populations. 
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The results of our admixture analysis using STRUCTURE 
(Evanno et al., 2005) are presented in Fig. 2. The proportion of 
imported alleles increased during crossbreeding, while a signifi-
cant portion of the alleles became indigenous allele majorities 
in the native Korean goat population. In the crossbred goat 
population, nucleotide diversity in the genome may have in-
creased due to the consistent introduction of new alleles, unlike 
in the native Korean goat population. 
 
Genes involved in highly variable regions 
Recombination rates are known to affect nucleotide diversity 
(Nachman, 2001) and the terminal regions of chromosomes 
are known to be prone to recombination events. Based on the 
distribution of variation in the goat genome (Fig. 1), the terminal 
regions of chromosomes showed more variation than the other 
regions, and the top 5% of highly variable regions were en-
riched with genes involved in olfactory sensors and neurologi-
cal systems. From the results of the non-synonymous SNP 
analysis in our study, we identified the enrichment of amino 
acid substitution in genes that were related to olfactory sensors. 

Genes involved in olfactory systems may have had more op-
portunities to gain variants in nucleotide sequences. Olfactory 
receptors interact with odorant molecules in the nose to initiate 
a neuronal response that triggers the perception of a smell. 
Odor molecules in the environment are detected by olfactory 
receptors. For animals, olfactory receptors are essential to 
finding nutritious food and in their ability to avoid eating toxic 
substances, avoid predators, and identify suitable mating part-
ners and their offspring (Mombaerts, 2004; Niimura, 2009). 
Native Korean goats were developed under feed shortage con-
ditions and were as a result forced to graze in fields, freely or 
confined, and tend to overgraze shrubs and the bark of trees. 
The digestibility of these plants is low. The positive selection of 
olfactory genes might therefore have arisen as an adaptation to 
these conditions. Saanen goats, on the other hand, represent 
commercial breeds that have been artificially selected for inten-
sive production (Choi et al., 2006; Son, 1999). 

Native Korean goat populations are also distinct from cross-
bred goat populations based on non-synonymous SNP pat-
terns of the CYM and COL11A2 genes. CYM is an enzyme 
involved in milk ingestion of young ruminant animals (Emmons 
and Lister, 1976), and COL11A2 is involved in osteochondro-
dysplasias (Vikkula et al., 1995) and Stickler syndrome (Sirko-
Osadsa et al., 1998). These genes may affect the early period 
of the goat life cycle and body development, and may contrib-
ute to differences in the growth of young kids in these two 
populations. 
 
Selective sweep regions in native Korean goat populations 
Native Korean goats are resistant to lumbar paralysis, a condi-
tion that has a severe effect on goats of exotic origin introduced 
into the peninsula (Son, 1999). Lumbar paralysis is a common 
disease in ungulate mammals such as goats, sheep, or cattle, 
and it is transmitted through mosquitos that carry filarial 
parasites called Setaria digitata. This parasite invades the cen-
tral nervous system in places like the brain or spinal cord caus-
ing a disorder in the hind legs (Son, 1999). The positive selec-
tion of the CCR3 gene may have an essential role in the native 
Korean goat’s resistance to this disorder. This gene encodes a 
chemokine receptor that is expressed in eosinophils and in TH1 
and TH2 cells (Sallusto et al., 1997) and contributes to an im-
mune response by mobilizing these immune cells when there is 
a parasitic infection. A previous study reported that antigens of 
the adult S. digitata induced a type of TH1 and TH2 cytokine 

response (Dalai et al., 1998). In our study, we found SNP fre-
quency differences between the breeds, which might be the 
reason for the superior resistance to lumbar paralysis via an 
immune system response (Son, 1999). Additionally, three more 
genes (CLNK, HM13, and IGSF10) were identified as positively 
selected in relation to immune response (Dybkaer et al., 2007; 
Leo and Schraven, 2001; Severino et al., 2014). In addition to 
immune related genes, we detected neurologically significant 
genes. The ROBO1 gene, known for axon guidance and neu-
ronal cell migration, is expressed in mesenchymal stem cells, 
which differentiate into neuronal cells and are involved in neuro-
protective effects (Crigler et al., 2006; Uccelli et al., 2011; 
Wright et al., 2011). Interestingly, some other genes (ROBO2 
and NTM, for instance) are also involved in the development of 
the neural system (Hivert et al., 2002; Yu et al., 2012). These 
genes may play a role in recovering damaged nerve cells, and 
therefore, may contribute to lumbar paralysis resistance. As a 
result of this study, we have a better understanding of the se-
lective sweep signatures and genetic features of native Korean 
goat populations, and in turn, we have a better understanding 
of the physiology of this important domesticated species. 
 
Note: Supplementary information is available on the Molecules 
and Cells website (www.molcells.org). 
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