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Abstract

1

Genome-wide association study (GWAS) is an efficient tool for detection SNPs and candidate genes
in quantitative traits. Growth rate is an important trait for increasing of meat production in sheep. A
total of 96 Baluchi sheep were genotyped using Illumina OvineSNP50 BeadChip to run a GWAS for
average daily gain (ADG) and Kleiber ratio (KR) traits in different periods of age in sheep. Traits
included were average daily gain from birth to 3 months (ADG0-3), from 3 months to 6 months (ADG36),

from 6 months to 9 months (ADG6-9), from 9 months to yearling (ADG9-12), from birth to 6 months

(ADG0-6), from 3 months to 9 months (ADG3-9), from 3 months to yearling (ADG3-12) and
corresponding Kleiber ratios (KR0-3, KR3-6, KR6-9, KR9-12, KR0-6, KR3-9 and KR3-12, respectively). A
total of 42,243 SNPs passed the quality-control filters and were analyzed by PLINK software in a
linear mixed model. Two SNPs were identified on two chromosomes at the 5% genome-wide
significance level for KR(3-9) and KR(6-9). Two candidate genes namely MAGI1 and ZNF770 were
identified correspondingly harboring and close to these QTL. Also, a total of 21 SNPs were found on
chromosomes 2, 3, 5, 6, 7, 10, 17, 19, 20 and 25 at the 5% chromosome-wide significance level for
ADG and KR traits. Thus, we suggest more studies to discovery of causative variants for growth traits
in sheep.
Keywords: Baluchi sheep, Genome-wide association study, Growth rate, Single nucleotide
polymorphism

Introduction
In Iran, the consumption of lamb and mutton as protein sources are more prevalent than meat from
beef cattle and goats. Due to the fact that meat production from sheep is not enough, it is necessary
to increase the efficiency of sheep production by improving litter size, lamb weight and growth rate.
The Baluchi sheep is one of the most important native breeds in Iran, constituting about 30% of the
total sheep population (Yazdi et al. 1997). This breed has medium size, fat-tailed with the
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predominant white coat color, whereas the muzzle is black. These animals are mostly kept on pasture
and adapted to the harsh environment and dry and hot climate in the eastern part of Iran with low
quality pasture.
Increasing in size and number of cells is applied as primarily definition of growth. However, this does
not comprise the phenomenology and etiology of growth. Because, growth is a continuous function
during life of animal, it is better to use growth rate or increasing in weight and size during different
stages of life for measuring growth (Nkrumah et al. 2007). Therefore, the average daily gain (ADG)
in weight has been one of the most valuable traits and plays an essential role in sheep breeding
programs. A portion of feed intake is served for animal maintenance requirements and the rest can be
used for production (milk, wool and meat). Due to maintenance need is higher for larger animals,
they must obtain more feed intake to have the same body mass gain as the smaller animal (Kleiber
1936). Therefore, a method must be used for comparison of larger and smaller animals. Metabolic
mass (W0.75) in kleiber ratio provides the possibility of comparison the large and the small animals
without to have an advantage to either (Kleiber 1947). Selection for mass or growth rate can result in
undesirable correlated responses such as increasing of fat deposit in the animal body (Badenhorst
1990). The fat deposit can disrupt the homeostatic balance leading to lower fertility (Badenhorst
2011). Selection for efficiency will not decrease fertility as a result of increasing fat deposits in the
body. Therefore, efficiency of feed conversion is a more acceptable selection criterion than mass gain
for evaluation growth rate (Badenhorst 2011). However, it is difficult to determine the efficiency of
feed conversion for each animal individually in field condition. The Kleiber ratio is based on the fact
that there is a direct relationship between the animal weight and the maintenance requirements and
production. Therefore, Kleiber ratio is used as an alternative selection criterion for efficiency (Kleiber
1947).
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Mapping of quantitative trait loci (QTL) is a set of procedures to detect the genetic variation using
linkage mapping and traditional statistical and quantitative genetic approaches. There have been two
approaches for QTL mapping since many years ago: candidate gene approach and linkage mapping
analyses by microsatellite markers (Hirschhorn and Daly 2005). It is difficult to use candidate gene
approach for quantitative traits, because it is limited to how much of the biology of the investigated
trait is recognized (Andersson and Georges 2004; Al-Mamun et al. 2015). The limitations of QTL
mapping by microsatellite markers are the low map resolution and the large confidence interval (CI).
Therefore, it is difficult to identify the important genes and the underlying mutations for the interested
traits using the marker information (Goddard and Hayes 2009). Recently, due to the accessibility of
a high-density SNP chip, the genome wide association study (GWAS) has become a useful technique
for the identification of causal genes for the economical traits in livestock. The GWAS with the
applying of large scales of SNPs in whole genome investigates the correlation between genetic
variations and phenotypic variations in trait. The goal of GWAS is using of linkage disequilibrium
(LD) information between markers and causative mutations that tend to be inherited together to next
generation (Bush and Moore 2012). GWAS has been widely applied to detect of causative mutation
in human in order to improve treatment or produce useful diagnostic for diseases (Scott et al. 2007;
Lasky-Su et al. 2008; Lee et al. 2008). In animal, especially cattle, this method has emphasized on
economically important traits to expedite the genetic improvement (Cole et al. 2011; Zanella et al.
2011). A GWAS analysis in Australian Merino sheep has detected 39 SNPs associated with body
weight and a major QTL region (included 13 SNPs) on OAR6 (Al-Mamun et al. 2015). Gholizadeh
et al. (2015) identified one SNP with genome wide significance effect within SYNE1 gene on
chromosome 8 to be associated with yearling weight in Baluchi sheep. A GWA study in purebred
sheep reported 36 significant SNPs for growth and meat production traits and 5 most crucial candidate
genes associated with post-weaning gain (Zhang et al. 2013). Our objectives in this study were to
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perform a GWAS in Baluchi sheep to identify the significant SNPs associated with ADG and KR
traits in different periods of age using the ovine SNP50 BeadChip (Illumina, San Diego, USA) and
to explore the candidate genes around these SNPs.
Materials and methods
Ethical statement
This study has been performed with the approval of Abbasabad Sheep Breeding Station of Mashhad,
Iran and Iran national science foundation (INSF) (number 89,002,382). All institutional and national
guidelines for the care and use of laboratory animals were followed.
Animal resources and measurement of traits
The sheep population used in this study consisted of 96 Baluchi sheep (93 females and 3 males)
collected from Abbasabad Sheep Breeding Station, Mashhad, Iran. The animals were kept with
conventional industry practices. The mating period was between late summer (August) and early
autumn (September) and included at most three estrous cycles (51 days). Lambing started in early
February and ended in late March. The lambs were kept with their mothers until the mean weaning
age of all lambs at about 3 months. During spring and summer, the animals were kept on pasture and
kept indoors in winter. This study focused on growth rate traits included: average daily gain from
birth to 3 months (ADG0-3), from 3 months to 6 months (ADG3-6), from 6 months to 9 months (ADG69),

from 9 months to yearling (ADG9-12), from birth to 6 months (ADG0-6), from 3 months to 9 months

(ADG3-9), from 3 months to yearling (ADG3-12) and corresponding Kleiber ratios (KR0-3, KR3-6, KR69,

KR9-12 ,KR0-6, KR3-9 and KR3-12, respectively).

Average daily gain and Kleiber ratios for each period were calculated as follow:
ADG = (end weight – first weight) / number of days in period
KR = ADG for each period / (end weight) 0.75
Sampling, genotyping and data quality control
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Venous jugular blood samples were collected using vacuum tubes treated with 0.25% Ethylene
Diamine Tetracetic Acid (EDTA) as an anticoagulant. Genomic DNA was extracted from blood
samples using a modified salting out protocol following Miller et al. (1988). DNA was genotyped
using the Illumina OvineSNP50 BeadChip containing 54,241 SNPs at the Sci-Life Lab in Uppsala,
Sweden. PLINK software version 1.07 (Purcell et al. 2007) was used for data quality control. SNPs
that passed the quality control criteria (genotyping frequency >95%, minor allele frequency >0.05
and Hardy–Weinberg equilibrium P>0.001) were included for further analysis. Population
stratification was assessed by a quantile-quantile (Q-Q) plot using the ggplot package in R software
and genomic inflation factor (based on median chi-squared) in PLINK software.
Genome-wide association analysis
Using PLINK software, linear regression analyses in GWAS were performed with a model included
SNPs effect and sex, year of birth, month of birth, herd and type of birth as covariates. Least square
analyses were conducted using the general linear model (GLM) procedure (SAS Institute 2002) to
test the significance of fixed effects to be included in the model. The significant fixed effects were
considered in the final model for each trait. All interactions between fixed effects were not significant
and therefore were excluded from the model. The full model was as follows:
yijklmn = µ + SNPi + Sexj + Yeark + Monthl + Herdm + Type of birthn + eijklmn
Where:
yijklmn: vector of the observed traits; µ: overall mean; SNPi: SNP genotype; Sexj: fixed effect of sex
(2 levels); Yeark: fixed effect of year of birth (4 levels); Monthl: fixed effect of month of birth (4
levels); Herdm: fixed effect of herd (2 levels); Type of birthn: fixed effect of type of birth, single or
twin lamb in birth (2 levels); eijklmn: residual effect to each observation.
Significance test
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A Bonferroni correction was used to control the family-wise error rate (FWER). The genome-wide
significant level is for SNPs with a raw P-value less than 0.05/N, where N is the total number of SNPs
on all chromosomes. Also, chromosome-wide significant level refers for SNPs with a raw P-value
less than 0.05/n, where n is number of SNPs tested for each chromosome in this study. Haploview
version 4.1 software (Barrett et al. 2005) was used to plot Manhattan plots for all SNP markers of
studied traits.
Study of genes and QTLs in the candidate regions
We

used

the

latest

sheep

genome

(http://www.livestockgenomics.csiro.au/sheep/oar3.1.php

permanent.),

Ovis_aries_v3.1
UCSC

Genome

Bioinformatics (http://genome.ucsc.edu, permanent.) and National Center for Biotechnology
Information (NCBI) (http://www.ncbi.nlm.nih.gov/. permanent.) for identifying relationship between
significant SNPs and ovine genes. A BLAST search was also performed using the bovine UCSC
Genome Browser to assess genes already mapped to the bovine genome. QTL database
(http://www.animalgenome.org/QTLdb/cattle.html) was used for detection of QTL in the candidate
regions.
Results and discussion
Phenotype statistics and quality control
Descriptive statistics for records of growth traits are presented in Table 1. After quality control, we
removed 213 SNPs with call rates less than 95%, 6865 SNPs with minor allele frequency (MAF) less
than 0.05 and 24 SNPs with Hardy–Weinberg (HWE) less than 0.001. A total of 42,243 SNPs passed
the quality-control criteria and were included in the dataset.

Table 1. Descriptive statistics of examined traits in Baluchi sheep.
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The Q-Q plots for some of traits were shown in Figure 1. In these plots, X and Y axes are the expected
p-values under null hypothesis and the observed p-values, respectively. The genomic inflation factor
(lambda) is defined as the ratio of the median of the observed distribution of the test statistic to the
expected median. The lambda value for ADG(0-3) and ADG(0-6) was 1.03 and 1.1 respectively and
for other traits was 1. Thus, these scales were close to their expectations values under the null
hypothesis of 1. Based on Q-Q plots and lambda value, there was no population stratification.
GWAS analyses
The Manhattan plots for some of traits were shown in figure 2. These plots shows P-values [in terms
of -log(P-value)] for all SNP markers of studied traits (Figure 2). We identified two SNPs at the 5%
genome-wide significance level (indicated in bold in Table 2) associated with KR(6-9) and KR(3-9)
and 21 SNPs at the 5% chromosome-wide significance level for ADG and KR traits. No significant
SNPs were identified for ADG(3-6). The details of significant SNPs, including their positions in the
genome, the nearest known ovine genes, their distance from genes, and the raw P-values, are given
in Table 2.

Table 2. Significant SNPs associated with ADG and KR.

ADG(0-3) was nominally correlated with ADG(3-9) and KR(0-3). We found three significant SNPs
for ADG(0-3) located 450,981, 53,760 and 134,185 bp apart from the nearest known ovine genes
(KCNIP4, ARHGEF40 and ZNF770). OAR6_45438896 and OAR7_31307164 SNPs had
significantly association with KR(0-3) and ADG(3-9), respectively. KCNIP4 gene that also known
as CALP encodes a member of the family of voltage-gated potassium (Kv) channel-interacting
proteins (KCNIPs), which belong to the recovering branch of the EF-hand superfamily (Huang and
Forsberg, 1998). CALP (Calpain) mediated degradation of myofibrillar proteins and is related to
tenderness of slaughtered meat. Also it plays an important role in skeletal muscle growth in beef,
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lamb and pork (Morgan et al. 1993). ARHGEF40 (Rho guanine nucleotide exchange factor 40)
encodes Rho protein belongs to the family of Rho GTPases. Rho protein regulates a variety of
biological response pathways including cell motility, cell division, cell transformation, gene
transcription, organelle development and cytoskeletal dynamics (van Unen et al. 2015). ZNF770
encodes a member of zinc finger proteins family as one of most abundant proteins in eukaryotic
genomes. These proteins have diverse functions including DNA recognition, RNA packaging,
transcriptional activation, regulation of apoptosis, protein folding and assembly, and lipid binding
(Laity et al. 2001).
ADG(6-9) showed a nominal relationship with KR(6-9). There were 3 significant SNPs associated
with ADG(6-9). Also, two SNPs showed significant effect on KR(6-9) that OAR19_37632125 SNP
reached 5% Bonferroni chromosome-wide significance level (P=0.0466). This marker was located
within the MAGI1 gene whereas OAR5_96992290 and OAR19_55346948 were 674810 bp and
10856 bp apart from the nearest known ovine genes ARRDC3 and SETD2, respectively. MAGI1
(Membrane-Associated Guanylate Kinase Inverted 1) encodes a protein of membrane-associated
guanylate kinase homologue (MAGUK) family. Internal surface of the plasma membrane at regions
where cells contact each other is made of multiprotein complexes assembled by contribution of
MAGUK proteins. Also, the encoded protein by this gene regulates scaffolding protein at cell-cell
junctions (Zaric et al. 2012). Arrestin Domain Containing 3 (ARRDC3) encodes a member of
mammalian α-arrestin family of proteins that plays an important role in metabolism and the
development of obesity. ARRDC3 gene effects on β-adrenergic receptors so that the loss of ARRDC3
leads to increasing response to β-adrenergic stimulation in isolated adipose tissue (Tian et al. 2016).
Patwari et al. (2011) reported that the mice with Inactivated Arrdc3 were resistance to obesity due to
increasing in energy consumption through increased activity levels and increased thermogenesis of
both brown and white adipose tissues. SETD2 (SET domain containing protein 2) is a histone
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methyltransferase which regulates the chromatin structure through covalent modification of histones.
SETD2 is involved in transcriptional activation and repression, DNA repair, and cell cycle regulation
(Turner 2000).
ADG(9-12) was found to be closely correlated with KR(9-12). In this study, 3 SNPs were
significantly associated with both ADG(9-12) and KR(9-12). OAR19_28027752, s10229 and
OAR19_32337762 were located 586,566, 60,256 and 33,949 bp apart from the known ovine genes
CHL1, PPP4R2 and FOXP1, respectively. CHL1 (Cell Adhesion Molecule L1 Like) encodes a
protein of the L1 gene family of neural cell adhesion molecules. This protein is a neural recognition
molecule that may plays a role in signal transduction pathways and maintaining a high fidelity of
chromosome transmission during mitosis (Holloway 2000). PPP4R2 (Protein Phosphatase 4
Regulatory Subunit 2) is one of the regulatory subunits of protein phosphatase 4 (PPP4C). This
protein is expressed in the nucleation of microtubules at centrosomes that may strongly affect cell
survival (Shui et al. 2007). Bosio et al. (2012) showed that PPP4R2 displays a specific and very
dynamic localization in differentiating neuronal cells and thus has a role in muscular paralysis.
FOXP1 (Forkhead Box P1) belongs to Forkhead Box P (FOXP) subfamily of transcription factors.
The role of Forkhead box transcription factors is in the regulation of tissue- and cell type- specific
gene transcription during both development and adulthood (Bacon et al. 2015). In a research was
generated a conditional Foxp1 mutant mouse with deletion Foxp1 specifically in neural tissues using
the Cre-Lox system. They reported these mice are viable but have a significantly reduced body weight
compared with wild-type littermates. Thus we think that Foxp1 gene might affect body weight (Bacon
et al. 2015).
In this study, two SNPs significantly associated with ADG(0-6) were located within FUT8 and 22346
bp apart from NDFIP2. The fucosyltransferase 8 gene (FUT8) encodes an enzyme that transfers
fucose from GDP-fucose to glycoconjugates such as glycoproteins and glycolipids. Wang et al.
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(2005) generated 1,6-fucosyltransferase (Fut8)-null mice and found that disruption of FUT8 induces
severe growth retardation and death during postnatal development. NDFIP2 (Nedd4 Family
Interacting Protein 2) encodes a protein that bind to and activate members of the Nedd4 family of E3
ubiquitin ligases (Mund and Pelham 2010). A study reported that NDFIP2 can promote secretion of
the hallmark cytokine of Th1 cell differentiation, IFN-γ and plays a role in the Th1 cell differentiation
process (Lund et al. 2007).
We found 3 significant SNPs affecting ADG(3-12) and KR(3-12) that OAR17_54155064 SNP was
associated with both these traits. The nearest known ovine genes to these SNPs were RPL10A,
TMEM132B and RASGEF1B. The RPL10A gene (Ribosomal Protein L10a) encodes a component
of the 60S subunit for ribosomal protein L10a. It seems RPL10a is involved in embryogenesis and
organogenesis and cell proliferation (Wonglapsuwan et al. 2010). TMEM132B (Transmembrane
Protein 132B) is a member of the TMEM132 gene family, which has 5 subtypes (TMEM132AE). The function of TMEM132B protein is relatively uncharacterized (Farlow et al. 2015).
RASGEF1B (RasGEF Domain Family Member 1B) is a GEF. Guanine Nucleotide Exchange Factors
(GEFs( activate small GTPases and promote the formation of active Ras–GTP. These proteins are
involved in cell proliferation, survival, differentiation, vesicular trafficking, and gene expression
(Andrade et al. 2010).
OAR3_19747277 SNP located within the known ovine MBOAT2 gene was significantly associated
with KR(3-6). MBOAT2 (Membrane Bound O-Acyltransferase Domain Containing 2) encodes a
protein

of

Acyltransferase

family.

This

protein

mediates

the

conversion

of

lysophosphatidylethanolamine into phosphatidylethanolamine (Gijon et al. 2008).
Our GWAS identified five SNPs associated with KR(0-6), and they were distributed on two
autosomes. One of the SNPs was located within the PSAP (Prosaposin) gene and the others were
located 15,825 bp, 146,168 bp, 15,896 and 823,671 apart from the nearest known ovine genes SCGN,
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HDGF, SCN4A and ZP4, respectively. SCGN (Secretagogin, EF-Hand Calcium Binding
Protein) gene encodes a calcium-binding protein secreted in the cytoplasm (Maj et al. 2010). This
protein is similar to calmodulin and calbindin-D28K and involved in KCL-stimulated calcium flux
and cell proliferation. SCGN is strongly expressed in pancreatic β-cells, other neuroendocrine cells
and distinct neurons of the CNS (Rogstam et al. 2007). HDGF (Hepatoma-Derived Growth Factor)
is an acidic heparin-binding protein originally isolated from the conditional medium of human
hepatoma cells. It is a member of a new family of growth factors called HDGFrelated proteins (HRPs)
(Tsai et al. 2013). HDGFs have growth factor activity for hepatoma cells, fibroblasts, smooth muscle
cells, and endothelial cells (Dietz et al. 2002). Protein encoded by PSAP gene is involved in a number
of biological functions including the development of the nervous system and the reproductive system.
When prosaposin is cleaved it generates four main products including saposins A, B, C, and D. The
individual saposins help to lysosomal enzymes for breaking down fatty substances (Morales et al.
2000). SCN4A (Sodium Voltage-Gated Channel Alpha Subunit 4) encodes NaV1.4 that it mediates
the voltage-dependent sodium ion permeability of excitable membranes. This protein expresses at the
neuromuscular junction of striated muscles including laryngeal muscles. Some studies suggest
that SCN4A-related disorders such as generalized muscle hypertrophy with clinical or electrical
myotonia evolved later in life (Lion-Francois et al. 2010; Matthews et al. 2008). ZP4 (Zona Pellucida
Glycoprotein 4) is a member of oocyte-specific genes family. These genes encode glycoprotein which
is a part of the extracellular matrix surrounds growing oocytes, ovulated eggs and pre-implantation
embryos (Lefievre et al. 2004).
We found two significant SNPs associated with KR(3-9) that OAR7_31307164 SNP reached 5%
Bonferroni chromosome-wide significance level (P=0.0061). This marker was related in ADG(0-3)
and ADG(3-9) too. The identified SNPs for KR(3-9) were located 134,185 and 25,561 bp apart from
the nearest known ovine genes (ZNF770 and MEIS2). MEIS2 (Meis Homeobox 2) encodes a
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homeobox protein belonging to the TALE ('three amino acid loop extension') family. TALE group
comprise from homeodomain-containing transcription factors that regulate cell proliferation and
differentiation during development. Also, they are involved in proximal-distal limb patterning and
skeletal muscle differentiation (Crowley et al. 2010).
In this study, the identified SNP markers for growth rate traits were located within or close to 21
known ovine genes in total. Of these genes, KCNIP4, ARHGEF40, ARRDC3, FOXP1, FUT8,
SCGN, HDGF, SCN4A and MEIS2 genes are directly involved in processes related to muscle growth
and fat deposit. Other identified genes may mediate in some processes such as development of the
reproductive system, cell proliferation and differentiation, protein folding and levels of gene
transcription thereupon affect muscle growth and fat deposit in sheep. In different periods of ADG
and KR traits, some of significant markers were same and some of them were different. The records
related to ADG and KR traits are actually repeated observations measured along a trajectory and the
mean and covariance between measurements change gradually along the trajectory (Mrode 2014).
Also, due to the diverse expression of genes in different periods of age, heritability and genetic
correlation between repeated measurements are varied along the trajectory (Mrode 2014). Therefore,
detection of different SNP markers for ADG or KR traits in different periods of age is reasonable and
acceptable.
Raadsma et al. (2009) identified QTL controlling ADG in Awassi and Merino sheep on OAR3, OAR6
and OAR7. In agreement with those findings reported by Raadsma et al. (2009), we detected some
QTL affecting growth rate traits in sheep on OAR3 (one SNP), OAR6 (two SNPs) and OAR7 (three
SNPs). Also, we identified one SNP located on OAR2, one SNP located on OAR5, two SNPs located
on OAR17 and five SNPs located on OAR19. The results of our study are consistent with findings
reported by Zhang et al. (2013) that identified QTL controlling ADG in Sunit, German Mutton, and
Dorper sheep on OAR2, OAR5, OAR17, OAR19 and OAR20. Hadjipavlou and Bishop (2009) using
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microsatellite markers found one QTL for ADG on OAR20 in Scottish Blackface sheep. We
identified three SNPs located on OAR20 consistent with those findings. Furthermore, we found one
novel SNP on OAR10 and two not previously reported SNPs on OAR25 affecting ADG in sheep.
We performed BLAST for regions harboring the significant SNPs using the cow genome and found
the orthologous regions. The results of BLAST for the significant SNPs in sheep were shown in Table
3. The results showed that 9 out of 21 detected genes were found relevant in cattle (ARRDC3, CHL1,
FOXP1, FUT8, KCNIP4, MAGI1, MEIS2, NDFIP2 and SCGN). According to the theory of
conserving of genomic functional regions in different species and due to the fact that the genetic
mechanisms are fundamentally similar in all living organisms (Bai et al. 2012), the results of BLAST
are reasonable and acceptable. Also, it provides an opportunity to perform deep sequencing of these
genes for further investigation. The results of QTL survey for regions with the significant SNPs in
sheep using the cow genome were shown in Table 4. Most of identified regions in this study
overlapped with QTLs that had previously been identified as affecting body weight traits in cattle
(Kneeland et al. 2004; Nkrumah et al. 2007; Sherman et al. 2009; McClure et al. 2010).
Table 3. BLAST results for the significant SNPs in sheep using the cow genome.

Table 4. The results of QTL survey for regions with the significant SNPs in sheep using the cow genome

We did not find any GWAS for ADG and KR traits in sheep, but there are some reports on other traits
related to growth. Kominakis et al. (2017) performed a GWAS for body size traits in Frizarta dairy
sheep. They reported 11 significant SNPs, at the chromosome level, and 39 candidate genes that were
associated with gene networks relevant to body size traits. Matika et al. (2016) conducted a GWAS
for growth traits in Scottish Blackface lambs. They identified a genomic region on chromosome 6
associated with bone weight, bone area, fat area, fat density, fat weight and muscle density traits as
14

well as one SNP on chromosome 1 at the genome-wide significance level related to muscle density.
A GWAS analysis on 329 Chinese sheep identified 36 significant SNPs for growth traits and 5
candidate genes associated with post-weaning weight gain (Zhang et al. 2013). Santana et al. (2014)
performed a GWAS for ADG in 720 Nellore cattle. The results showed a genomic region with six
significant SNPs on chromosome 3 harboring some important genes such as PDE4B, LEPR, CYP2J2
and FGGY. Bolormaa et al. (2011) conducted a GWAS to identify genomic regions affecting growth
traits in 7 breeds of cattle. They reported the association of SNPs with the RFI and ADG on
chromosomes 5 and 8. Snelling et al. (2010) performed a GWAS for growth traits in 7 breeds of
cattle. They reported that most of the SNPs associated with direct growth were located on BTA6. Our
BLAST study showed that these findings are relevant to regions we found in the present study.
Conclusions
In this study, 21 significant SNPs were identified for all traits that 2 of them reached 5% genomewide significance level. Five of these SNPs were located within ovine genes and the rests were located
close to ovine genes (10,856 bp - 823,671 bp apart). The most of the candidate genes and SNP markers
were found novel. We suggest more studies to verify the causal mutations and candidate genes
affecting growth rate traits in sheep. The results of this study could be used for increasing efficiency
of selection and identification of the physiological processes of growth rate in sheep.
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Table 1. Descriptive statistics of examined traits in Baluchi sheep.
Traits

Mean

Standard deviation

Minimum

Maximum

ADG(0-3) (g/day)
ADG(3-6) (g/day)
ADG(6-9) (g/day)
ADG(9-12) (g/day)
ADG(0-6) (g/day)
ADG(3-9) (g/day)
ADG(3-12) (g/day)
KR(0-3)
KR(3-6)
KR(6-9)
KR(9-12)
KR(0-6)
KR(3-9)
KR(3-12)

210.30
103.65
39.03
54.65
157
67.89
60.24
19.77
7.52
2.65
3.34
11.48
4.63
3.80

37.45
39.29
10.68
16.86
24.06
20.98
15.35
1.41
2.49
0.93
1.10
0.57
1.22
0.73

122.22
0
11.11
11.11
115.56
5.56
37.04
15.83
0
0.61
0.69
10.23
0.57
2.33

294.44
222.22
155.56
133.33
230.56
150
103.7
22.62
14.99
8.81
9.68
12.9
8.49
5.32

Coefficient of
variation (%)
17.81
37.91
27.36
30.85
15.33
30.90
25.48
7.11
33.11
35.09
32.93
4.96
26.42
19.32

Table 2. Significant SNPs associated with ADG and KR.
Trait

Chromosome

SNP

The nearest
known ovine
genes
KCNIP4
ARHGEF40
ZNF770

Distance (bp)*

P value

OAR6_45438896
OAR2_206970153
OAR7_31307164

Position on
ovine genome
(bp)
40,744,185
195,475,557
27,580,032

ADG(0-3)

6
2
7

+450981
-53760
+134185

4.53E-06
8.81E-06
1.60E-05

ADG(36)
ADG(6-9)

-

-

-

-

-

-

19
5
19

OAR19_37632125
OAR5_96992290
OAR19_55346948

35,906,837
88,884,839
52,363,666

MAGI1
ARRDC3
SETD2

Within
+674810
-10856

2.95E-06
2.15E-05
2.70E-05

ADG(9-12)

19
19
19

OAR19_28027752
s10229
OAR19_32337762

26,601,647
28,611,845
30,686,012

CHL1
PPP4R2
FOXP1

+586566
-60256
+33949

1.85E-05
2.08E-05
3.78E-05

ADG(0-6)

7
10

OAR7_81656552
s25185

74,682,974
55,154,960

FUT8
NDFIP2

Within
+22346

5.90E-06
3.07E-05

ADG(3-9)

7

OAR7_31307164

27,580,032

ZNF770

+134185

8.28E-06

ADG(3-12)

17
17

OAR17_54155064
OAR17_53158609

49,699,518
48,863,156

RPL10A
TMEM132B

+163741
-58917

3.19E-05
4.02E-05

KR(0-3)

6

OAR6_45438896

40,744,185

KCNIP4

+450981

1.11E-05

KR(3-6)

3

OAR3_19747277

18,237,509

MBOAT2

Within

9.64E-06

19

KR(6-9)

19
5

OAR19_37632125
OAR5_96992290

35,906,837
88,884,839

MAGI1
ARRDC3

Within
+674810

1.11E-06
2.20E-05

KR(9-12)

19
19
19

s10229
OAR19_32337762
OAR19_28027752

28,611,845
30,686,012
26,601,647

PPP4R2
FOXP1
CHL1

-60256
+33949
+586566

9.14E-06
1.25E-05
4.45E-05

KR(0-6)

20
20
25
20
25

s54659
OAR20_38075792
s17548
s31449
DU463400_341

31,096,082
34,761,868
27,854,019
15,415,171
11,434,110

SCGN
HDGF
PSAP
SCN4A
ZP4

-15825
+146168
Within
+15896
+823671

1.50E-05
3.89E-05
4.94E-05
5.59E-05
5.86E-05

KR(3-9)

7
7

OAR7_31307164
OAR7_33307842

27,580,032
29,539,107

ZNF770
MEIS2

+134185
-25561

1.45E-07
1.42E-05

6
OAR6_105936918
96,309,709
RASGEF1B
+444933
17
OAR17_54155064
49,699,518
RPL10A
+163741
*Positive value denotes the gene located downstream of SNP, negative value denotes the gene located upstream of SNP.

2.04E-05
3.75E-05

KR(3-12)

Table 3. BLAST results for the significant SNPs in sheep using the cow genome.
Trait

SNP

Position on cattle genome(bp)

Distance*(bp)

6:42,276,632-42,312,069
2:83,228,859-83,270,681
10:30,643,499-30,687,187

The nearest known
cattle genes
KCNIP4
SLC39A10
AQR

ADG(0-3)

OAR6_45438896
OAR2_206970153
OAR7_31307164

ADG(6-9)

OAR19_37632125
OAR5_96992290
OAR19_55346948

22:35,971,507-36,009,315
7:93,923,406-93,972,003
22:52,975,982-53,011,087

MAGI1
ARRDC3
NRADD

Within
+670312
-62531

ADG(9-12)

OAR19_28027752
s10229
OAR19_32337762

22:26,749,230-26,785,202
22:28,689,233-28,729,658
22:30,811,743-30,855,460

CHL1
SHQ1
FOXP1

+426711
-223318
+8060

ADG(0-6)

OAR7_81656552
s25185

10:78,087,337-78,131,491
12:54,985,427-55,023,687

FUT8
NDFIP2

Within
Within

ADG(3-9)

OAR7_31307164

10:30,643,499-30,687,187

AQR

+128635

ADG(3-12

OAR17_54155064
OAR17_53158609

17:52,308,527-52,356,727
17:50,278,560-50,318,248

AACS
SLC15A4

-617351
+912548

KR(0-3)

OAR6_45438896

6:42,276,632-42,312,069

KCNIP4

+439094

KR(3-6)

OAR3_19747277

11:88,403,379-88,442,397

MIR2298

+74315

KR(6-9)

OAR19_37632125.1
OAR5_96992290

22:35,971,507-36,009,315
7:93,923,406-93,972,003

MAGI1
ARRDC3

Within
+670312

KR(9-12)

s10229
OAR19_32337762
OAR19_28027752

22:28,689,233-28,729,658
22:30,811,743-30,855,460
22:26,749,230-26,785,202

SHQ1
FOXP1
CHL1

-223318
+8060
+426711

KR(0-6)

s54659
OAR20_38075792
s17548
s31449
DU463400_341

23:31,911,871-31,950,906
23:35,620,421-35,623,882
28:28,131,667-28,172,244
23:15,309,751-15,350,600
28:11,557,684-11,591,301

SCGN
MIR2284C
CDH23
FOXP4
CHRM3

-1085
-23238
+8218
-41390
-1254890

KR(3-9)

OAR7_31307164
OAR7_33307842

10:30,643,499-30,687,187
10:32,591,860-32,635,026

AQR
MEIS2

+128635
-8616

KR(3-12)

+439094
-1463321
+128635

OAR6_105936918
6:98,442,720-98,478,600
HNRNPD
-438063
OAR17_54155064
17:52,308,527-52,356,727
AACS
-617351
*Positive value denotes the gene located downstream of SNP, negative value denotes the gene located upstream of SNP.
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Table 4. The results of QTL survey for regions with the significant SNPs in sheep using the cow genome
SNP
OAR6_45438896

QTL in cow
Body weight (mature)
Residual feed intake

Chromosome
6
6

QTL peak location
88.78 (cM)
101.0 (cM)

QTL reference
McClure et al. (2010)
Sherman et al. (2009)

OAR2_206970153

Body weight (birth)

2

114.2 (cM)

McClure et al. (2010)

OAR7_31307164
OAR7_33307842

Body weight (yearling)

10

44.25 (cM)

McClure et al. (2010)

OAR19_37632125

Body weight (yearling)
ADG

22
22

82.93 (cM)
66.3 (cM)

McClure et al. (2010)
Nkrumah et al. (2007)

OAR19_28027752
s10229
OAR19_32337762

Body weight (yearling)

22

54.05 (cM)

McClure et al. (2010)

s54659

Body weight (weaning)
ADG
Residual feed intake

23
23
23

58.19 (cM)
55.2 (cM)
63.4 (cM)

McClure et al. (2010)
Kneeland et al. (2004)
Sherman et al. (2009)

OAR20_38075792

Body weight (weaning)
Body weight (birth)

23
23

58.19 (cM)
71.64 (cM)

McClure et al. (2010)
McClure et al. (2010)

s17548

Body weight (weaning)

28

49.39 (cM)

McClure et al. (2010)

s31449

Body weight (weaning)

23

26.51 (cM)

McClure et al. (2010)

DU463400_341

Body weight (birth)
Body weight (weaning)

28
10

24.77 (cM)
44.25 (cM)

McClure et al. (2010)
McClure et al. (2010)

Titles and legends to figures
Figure 1. Quantile-quantile (Q-Q) plots of genome-wide association results for ADG0-3, ADG6-9, KR3-9, KR6-9. X and Y
axes are the expected p-values under null hypothesis and the observed p-values, respectively.
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Figure 2. Manhattan plot of -log10(p-values) for association of SNP loci with ADG0-3, ADG6-9, KR3-9, KR6-9. Genomewide (p < 0.05) threshold is represented as a dashed red line and suggestive threshold as a dashed blue line.
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