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Introduction

Twinning rate in sheep has great economic importance for
farmers. A genomewide association study, using 42,416 sin-
gle nucleotide polymorphisms (SNPs) was conducted to
identify genomic regions affecting twinning rate in Baluchi
sheep. Blood samples from a total of 96 sheep from two herds
and data on their twinning rate during the first four parities
were collected. Animals were genotyped using the Illumina
Ovine SNP 50K BeadChip assay (Illumina, San Diego,
USA). Association with twinning rate was tested using the
software Plink ver. 1.06 (Purcell et al. 2007). Significant
associations were identified for SNP on chromosomes 10 and
15 affecting total number of lambs across the four parities.
Strongly suggestive quantitative trait loci (QTL) were also
detected for twinning rate at different parities on these chro-
mosomes. Further screening of these regions in validation
studies will assist the identification of strong candidate genes
for twinning rate in sheep.

Baluchi sheep are one of the most important sheep breeds
in Iran, ∼ 30% of the total sheep population in Iran is from
this breed. Baluchi sheep is especially well-adapted to the
rather harsh conditions in the arid subtropical region of east-
ern Iran due to its breed-specific characteristics. This breed
belongs to the fat-tailed sheep, its wool is coarse with white
fleece and pigmented head and legs (Yazdi et al. 1997).
Baluchi sheep are used for multiple purposes, including wool
production and also play an important role in meat pro-
duction (Tahmoorespur and Sheikhloo 2011). Therefore, the
reproduction rate is one of the important selection criteria.
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Reproductive traits differ greatly across sheep breeds, but
also between sheep in a single flock. Identification of ewes
with higher twinning rate and more raised lambs per year
is an important parameter for breeding and farming suc-
cess. Phenotypic selection can be used to identify breed-
ing stock with a higher probability of increased reproduc-
tion rate, however, the identification of causative mutations
or markers closely associated with twinning rate could assist
successful breeding for increased number of lambs born per
parity. The study of QTL has been successful in identifica-
tion of many loci on the sheep genome linked or associ-
ated with different traits, including reproduction (Hu et al.
2013). However, such studies were often based on the use
of microsatellite markers and the screening of large popula-
tions had been time-consuming and identified regions often
span tens of cM. A number of loci associated with repro-
duction in sheep have been previously identified (Galloway
et al. 2000; Souza et al. 2001; Hanrahan et al. 2004). How-
ever as some of those loci might be population-specific and
causative mutations might yet remain to be found, further
screening of the genome to identify additional strong can-
didate genes should be done. Detection of large numbers of
SNPs provides a critical resource for identifying specific loci
contributing to trait variation (Johnston et al. 2011). With the
development of sequencing and high-throughput genotyping
techniques, the number of SNP markers available for associ-
ation studies has dramatically increased (Sahana et al. 2010).
A number of studies have already successfully identified
QTL using genomewide SNP arrays also in sheep (Johnston
et al. 2011; Zhao et al. 2011; Moradi et al. 2012).
Demars et al. (2013) performed a genomewide association
study (GWAS) and successfully identified genetic variants
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associated with the prolific phenotype in French Grivette and
Polish Olkuska sheep populations near a functional candidate
gene on the X chromosome. However, to be able to use such
results for selection in the population of interest, verification
studies should be performed in the population of interest.
This will allow a further characterization of the genetic back-
ground and possibly identify strong genetic markers or even
causative mutations for marker-assisted selection (MAS).
The objective of our study was therefore to perform a GWAS
for twinning rate in Baluchi sheep using the Ovine SNP50
BeadChip (Illumina).

Materials and methods
Animal husbandry

Sheep used in this study were kept on the Abbasabad Sheep
Breeding Station, located in Mashhad in northeastern Iran.
In our study the mating season for the sheep started in late
summer (August) or early autumn (September) and included
at most three estrous cycles. Lambing started in early Febru-
ary and ended in late March. Lambs were weighed and
ear-tagged at birth, pedigree and birth records were regis-
tered separately for each lamb. Sheep had access to the avail-
able pasture during spring and summer, and grazed on wheat
and barley stubble in autumn. The lambs were kept indoors
during winter. A ration composed of wheat and barley straw,
alfalfa hay, dry sugar beet pulp and concentrate was offered
as feed supplement during winter and late pregnancy.

Animal samples

Blood samples were collected from two separate research
flocks of Baluchi sheep along with data on twinning rate
in the first four parities at the Abbasabad Sheep Breed-
ing Station. More than 300 blood samples were collected
in total and 96 samples with complete records over multi-
ple parities were selected for further analysis. The 96 ani-
mals belonged to 43 half-sib families. Samples for genotyp-
ing were selected based on completeness of records, pheno-
type distribution (high and low twinning rates) and pedigree
(lowest relatedness and high within-breed diversity).

Genotyping and data quality control

Genomic DNA was extracted from whole blood using a
modified salting out protocol following Miller et al. (1988).
DNA samples were diluted to 50 ng/uL for genotyping using
the Illumina Ovine SNP 50K BeadChip Assay. Genotyp-
ing was performed using standard protocols (http://www.
illumina.com) at the SciLife Lab in Uppsala, Sweden (http://
www.genotyping.se). Quality control criteria including geno-
typing frequency >95%, minor allele frequency >0.05 and
Hardy–Weinberg equilibrium (P > 0.001) were calculated
using Plink ver. 1.06 (Purcell et al. 2007). Markers fulfilling
these criteria were included for further analysis. Marker posi-
tions were used as published on the Illumina website (http://
www.illumina.com).

Statistical analysis

Genomewide association analyses were carried out in Plink
ver. 1.06 (Purcell et al. 2007). Genetic stratification and herd
effect were included as confounding effects and fitted into the
statistical analyses. Using Plink, an identical-by-state (IBS)
correlation matrix for all individuals was calculated from
which n dimensions were extracted using the multidimen-
sional scaling (MDS) analysis, resulting in a matrix of n sam-
ples by n dimensions of eigenvalues. GWAS for twinning as
well as total number of lambs across the four parities were
performed with the first MDS component and herd effect as
covariates. To control the family-wise error rate (FWER), a
Bonferroni correction was used. The 5% genomewide thresh-
old was equivalent to a nominal P value of 1.178 × 10−6

and the 5% chromosome-wide significance thresholds ranged
from the point-wise P value of 1.078 × 10−5 on chromosome
1 to 6.96 × 10−5 on chromosome 21. GWAS results were
visualized in a so-called ‘Manhattan plot’ using the ‘ggplot2’
package in R ver. 3.0.0 (http://www.r-project.org). For each
of the significant SNPs, the additive genetic effects were cal-
culated as half of the difference of the least square means of
the two homozygous genotypes. The dominance effect was
also estimated as the deviation of the least square mean of
the heterozygotes from the average of the least square means
of the two homozygous genotypes.

Study of genes and QTLs in candidate regions

Different databases were screened to discover if any of
the regions identified by the association analysis contained
strong candidate gene. After obtaining the sheep genome
sequence of the significantly associated candidate regions
using the CSIRO browser (ver. 3.1, as on October 2012,
http://www.livestockgenomics.csiro.au), a BLAST search
was performed using the bovine UCSC Genome Browser
(October 2007, Baylor 4.0/bosTau4) to identify genes already
mapped to the bovine genome. We also searched for previ-
ously published loci using the QTL database (http://www.
animalgenome.org/QTLdb) to further verify the identified
candidate regions with previously published QTL in cattle.

Results and discussion

Genotyping was performed on 96 Baluchi sheep using the
Illumina Ovine SNP 50K BeadChip. After quality control,
42,416 SNP markers remained for further analysis. A number
of significant and suggestive associated markers were identi-
fied in the different analysis, the GWAS showed three differ-
ent QTL regions on two chromosomes. Statistical evidence
for the two genomewide significant QTL for total number of
lambs across all parities on chromosomes 10 (P value = 3.6 ×
10−5) and 15 (P value = 3.7 × 10−5) is visualized in figure 1.
For separate parities (figures 1–4 in electronic supplementary
material at http://www.ias.ac.in/jgenet), both loci were
chromosome-wide significant, but did not exceed the
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QTL for twinning rate in Baluchi sheep

Figure 1. Manhattan plot of the results from the genomewide association analysis for total number of lambs across all four parities.

genomewide significance level (table 1). Both QTL seem to
act in a dominant fashion. The QTL on chromosome 15 had
the strongest effect with a difference of ∼1 lamb between the
alternative homozygotes for the most significant SNP
(table 1). The QTL on chromosome 10 had a smaller effect of
∼0.3 lambs between alternative homozygotes accumulating
to a difference of 1 lamb across the four parities (table 1).
The QTL detected in our study appear to be novel in sheep
as none of the previous studies have reported significant
loci within the same regions. In sheep, three prolificacy loci
have been discovered on chromosome 6 (Souza et al. 2001)
chromosome 5 (Hanrahan et al. 2004) and chromosome X
(Galloway et al. 2000; Hanrahan et al. 2004). Lack of geno-
mewide significance may be evidence of a complex genetic
nature for twinning in sheep. Litter size is a complex trait that
is a function of ovulation rate, embryo viability and uterine
capacity (Bennett and Leymaster 1989). A simulation model
suggested that litter size is strongly dependent on ovulation
rate and uterine capacity in pigs (Bennett and Leymaster

1989). It is likely that the twinning rate in sheep is not only
dependent on ovulation rate but also an uterine capacity. This
would implement that the embryo mortality would be higher
in ewes with higher ovulation rate if the uterine capacity is
limited. As such, ewes with a higher ovulation rate would
show no difference in final lambing rates compared to ewes
with lower ovulation rates (Waldron and Thomas 1992).
Identified loci might therefore affect either of the two traits,
total ovulation rate or uterine capacity. However, as abortions
are occurring often early and might not always be observed,
a clear separation of the two traits might be difficult.

Lack of genomewide significance at the individual SNP
level for twinning rate may also indicate that more samples
are required to identify stronger signals from a GWAS for
reproduction traits in sheep. However, significantly associ-
ated markers were previously reported on the ovine X chro-
mosome in a study of 104 individuals (Demars et al. 2013).
The number of animals in the present study together with
the repeated phenotypic measurement might therefore be

Table 1. Significantly associated SNP with twinning rate identified in this study with their estimates of the additive and dominance effects
(in number of lambs) with their standard errors and error probabilities.

Position
Trait Parity CHR SNP (in base pairs) P value Additive P Dominance P

TW 1 10 OAR10_4976585.1 6730970 5.88E-05 0.16 ± 0.08 0.07 0.17 ± 0.1 0.11
2 10 OAR10_4976585.1 6730970 2.90E-05 0.14 ± 0.08 0.11 0.14 ± 0.1 0.17
3 15 OAR15_4302920.1 4912198 2.12E-05 0.55 ± 0.1 <0.0001 0.49 ± 0.12 0.002
4 10 OAR10_4976585.1 6730970 5.88E-05 0.17 ± 0.08 0.07 0.12 ± 0.08 0.24

TNB 1–4 15 s71038.1 4776717 3.51E-07 1.27 ± 0.36 0.0007 1.38 ± 0.49 0.002
10 OAR10_4976585.1 6730970 1.01E-06 0.47 ± 0.31 0.13 0.57 ± 0.39 0.15

TW, twinning; TNB, total number of lambs across four parities; CHR, chromosome; SE, standard error; P, error probability.

Journal of Genetics, Vol. 93, No. 2, August 2014 491



Mohsen Gholizadeh et al.

Ta
bl

e
2.

Q
TL

sp
re

vi
ou

sl
y

pu
bl

is
he

d
in

ca
ttl

e
in

re
gi

on
ss

ho
w

in
g

si
gn

ifi
ca

nt
as

so
ci

at
io

ns
in

ou
rs

tu
dy

.

Tr
ai

t
SN

Pa
Po

si
tio

n
(b

ov
in

e)
b

Po
si

tio
n

(o
vi

ne
)b

G
en

ec
A

cc
es

si
on

nu
m

be
r

R
ef

er
en

ce

Tw
in

ni
ng

O
A

R
15

_4
97

65
85

12
:5

09
76

25
–5

09
79

34
10

:6
78

07
96

–6
71

08
78

PC
D

H
17

5,
08

6,
49

9–
5,

20
0,

84
3

N
P_

00
11

92
60

9
Li

en
et

al
.2

00
0

In
se

m
in

at
io

ns
O

A
R

15
_4

30
29

20
15

:4
27

04
42

–4
27

09
56

15
:4

88
94

01
–4

97
43

68
PD

G
F-

D
15

:4
,5

01
,4

35
–4

,7
88

,3
00

N
P_

00
10

77
17

5
Sc

hu
lm

an
et

al
.2

00
8

pe
rc

on
ce

pt
io

n
D

D
I1

15
:4

,6
42

,0
30

–4
,6

44
,0

91
N

P_
00

10
71

48
8

a Si
gn

ifi
ca

nt
SN

P
in

ou
rs

tu
dy

;b re
la

tiv
e

po
si

tio
n

(c
hr

om
os

om
e

an
d

ba
se

pa
irs

)o
n

th
e

bo
vi

ne
an

d
ov

in
e

ge
no

m
e;

c pr
ot

oc
ad

he
rin

-1
7

pr
ec

ur
so

r(
PC

D
H

17
);

pl
at

el
et

-d
er

iv
ed

gr
ow

th
fa

ct
or

D
(P

D
G

F-
D

);
D

N
A

-d
am

ag
e

in
du

ci
bl

e
1(

D
D

I1
).

adequate to detect the QTL with moderate to large effects,
which are most relevant for MAS.

Orthologous regions between sheep and cattle together
with genes and QTL identified in the bovine genome in
regions containing the most significantly associated markers
are presented in table 2. The results showed that only rel-
atively few genes have been mapped to these regions until
now and no gene associated with twinning rate has been
reported in bovine orthologous regions. However, QTL pub-
lished in the database (QTLdb) affecting twining rate and
also other reproductive traits suggest the relevance of the
identified regions. Further analyses using a larger sheep pop-
ulation might be useful to verify the associated regions. The
identification of positional and/or functional candidate genes
as targeted by comparative mapping with results published
for cattle populations might give further evidence for the
importance of the identified regions in our study. Strong can-
didate genes could then be screened for possible causative
mutations and trait specification being linked to the two
possible restrictions of higher lambing rates; total ovula-
tion rate and uterine capacity. However, beside the limited
number of animals from a single population in our study,
this approach studying repeated measurements from differ-
ent parities appears to be useful as a starting point to identify
(population-specific) markers for twinning rate in sheep.
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