Identification of SNPs within the PRLR gene
and effects on maternal behavior in sheep
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ABSTRACT. The prolactin receptor gene (PRLR) plays an essential
role in maternal behavior. The aim of the study was to detect PRLR
mutations in exon 10, using a polymerase chain reaction-single stranded
conformation polymorphism method, and to determine the association
between mutations in this region with maternal behavior traits in Chinese
Hu sheep. Polymorphisms were detected only in the gene region amplified
by the primer P3; three genotypes (AA, AB and BB) were observed. The
genotype BB was predominant in the ewe study population, and genotype
distributions were in agreement with the Hardy-Weinberg equilibrium (P
> 0.05). There was no significant difference between observations for
licking and kicking behaviors of AA and AB genotype individuals (P > 0.05),
but there was a significant difference (0.01 < P ≤ 0.05), when both were
compared with the BB genotype. Significant differences were observed
in suckling behavior between AA and AB genotype individuals (0.01 < P
≤ 0.05), and the difference between these two genotypes and BB was
highly significant (P ≤ 0.01). No obvious difference was observed between
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the genotypes in behavior of suckling rejection (P > 0.05). These results
contribute to methods for selection and breeding through marker-assisted
selection for maternal behavior traits in Hu sheep.
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INTRODUCTION
Maternal behavior is increasingly recognized as an important factor in farm animal production.
Selection in sheep for increased litter size at birth puts higher demands on the ability of ewes to raise
large lambs. Inadequate maternal care invariably leads to early death of offspring because lamb
growth and development depend heavily on care provided by the dam (Burfening and Kress, 1993).
This is especially true for twins (Nowak, 1996). Several behavior traits in dams play a role in offspring
survival and thriftiness. Behavioral interactions between the ewe and her lambs in the very first hour
following birth are fundamental to the development of the mother-offspring bond, and the future of the
neonate (Lévy, 2002; Shayit et al., 2003). The main factors contributing to the formation of this early
bond are licking or grooming of the lamb; suckling; absence of lamb-directed aggression; and cooperation with the lamb’s attempts to suck (Lent, 1974; Alexander, 1988; Nowak et al., 1997, 2000).
Although maternal behavior differs markedly between breeds, within breeds, mothers show similar,
specific maternal responses. However, considerable variation exists in the quality and quantity of
these behaviors expressed by individuals within a breed.
Maternal behaviors are heritable and genetically correlated traits (Dwyer, 2007). Although
the genetic basis of maternal behaviors is still to be fully determined, maternal behavior can be
improved by breeding selection, and a better understanding of the molecular basis underlying
individual differences in maternal behavior may assist in the development of selection strategies.
Evidence for associations between gene and maternal behavior has been reported (Tanaka, 2002;
Tomás et al., 2006; Nishimori et al., 2008; Mileva-Seitz et al., 2012; Avinun et al., 2012); these
findings have advanced our understanding of the genetic influences on maternal behavior. It has
been reported that PRLR plays an essential role in the induction of the maternal behavior (Lucas et
al., 1998; Cui et al., 2007; Chen et al., 2010a). These results clearly establish PRLR as a regulator
of maternal behavior.
The Hu sheep is a world-famous breed in South China and is characterized by high
fecundity, with an average litter size of 2.29 and a lambing rate of 200-250% (Wang et al., 2000).
Over the last two decades, sheep breeders have selected and bred ewes for increased fecundity
traits. However, the relationship between lambing rate and maternal behavior is poorly understood
in highly fecund ewes. The aim of this study was to identify genetic variations in the prolactin
receptor gene (PRLR) and evaluate the effects of variations on maternal behaviors in Hu sheep.

MATERIAL AND METHODS
Animals, DNA isolation and behavioral observations
Eighty-one pure bred Hu sheep ewes were selected from Suzhou sheep-breeding farms
in Jiangsu Province, China. Edge tissues of ear samples from ewes were used to extract genomic
DNA, using a standard phenol-chloroform extraction protocol (Sambrook et al., 1989).
Prior to lambing, two or three ewes were kept together in a barn; all lambs were born
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indoors. Ewes and their lambs were kept together and ewe behavior during the 72-h period
following lambing was monitored continuously. Four maternal behaviors were recorded in ewes:
licking of lambs; accepting the lamb at the udder and allowing suckling; kicking at lambs; and
rejecting the lamb at the udder (not allowing suckling).

Primer design and PCR amplification
Based on sheep PRLR mRNA sequences (GenBank accession Nos. AF041257,
FJ901298), four pairs of primers were designed to amplify exon 10 (P1-P4; Table 1).
Polymerase chain reaction (PCR) amplification was carried out from 100 ng genomic DNA
in a final volume of 20 µL containing 1X reaction buffer; 200 µM dNTP; 1 U Taq DNA polymerase
(Takara, Dalian, China); 2.5 mM MgCl2; 0.5 µM of each primer; and ddH2O. The cycling protocol
was 5 min at 94°C; 35 cycles of denaturing at 94°C for 30 s, annealing for 30 s, and extending
at 72°C for 30 s; and a final extension at 72°C for 10 min. PCR products were visualized by
electrophoresis on 1% agarose (w/v) gel, using 1X TBE buffer (100 mM Tris, 90 mM boric acid and
1.0 mM EDTA, pH 8.3) and staining with 200 ng/mL ethidium bromide.
Table 1. Primer sequences for PCR amplification.
Fragment

Primer pair

P1

F: TTTTCTGGCCAACGGACCCAA
61
R: CCCGCCAGTCTCAATGGTT		
F: AGGCACCACAGCCACTCT
57
R: GGGCGTCAACCTTCTCAT		
F: TGTCTGAAAAGTGTGATGAA
58
R: AGCAATGTTGTGGTAAGAATA		
F: AGGCACCACAGCCACTCT
59
R: TGTTGCTATCCGTCACCC		

P2
P3
P4

Tm (°C)

Size (bp)
196
269
233
320

F, forward; R, reverse; Tm, primer melting temperature.

Single-stranded conformation polymorphism (SSCP) analysis
All PCR products were subjected to SSCP analysis. Aliquots of 3 µL PCR product were
mixed with 7 µL denaturing solution (98% formamide, 20 mM EDTA, 0.05% bromophenol blue and
0.05% xylene cyanol). Following denaturation at 98°C for 15 min, samples were placed immediately
on ice, then loaded on 10% acrylamide:bisacrylamide (29:1) gels. The mixture was electrophoresed
using a Mini-PROTEAN apparatus (Bio-Rad, Hercules, CA, USA) in 1X TBE buffer for 10 h at 120
V, after a pre-run at 240 V for 5 min. Gels were silver-stained according to the method described
by Bassam et al. (1991).

DNA sequencing
Products amplified by PCR, which represented different PCR-SSCP genotypes including
both homozygous and heterozygous genotypes, were purified using a Qiaquick PCR Purification
Kit (Qiagen, Germany) and sequenced in the forward and reverse directions using an ABI 3730
sequencer (Applied Biosystems, USA). Nucleotide sequence alignments, translations and
comparisons were carried out using Clustal W (Larkin et al., 2007) and MEGA 5.1 (Tamura et al.,
2011) software programs.
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Statistical analysis
Based on the genotypic numbers of PRLR exon 10 locus in the analyzed population,
genotypic frequencies, allelic frequencies and Hardy-Weinberg equilibriums were directly
calculated. Population genetic indices, including gene homozygosity, gene heterozygosity, and
effective allele numbers, were calculated as previously described (Nei and Roychoudhury, 1974;
Nei and Li, 1979). The polymorphism information content (PIC) was calculated as previously
described (Botstein et al., 1980).
Associations between genotypes and maternal behavior traits were analyzed using the
SPSS software (Version 13.0, SPSS Inc., USA). Effects of genotype on traits were analyzed by
the least-square method, as applied in the general linear model (GLM) procedure of SPSS and
according to the following statistical model:
				Yijk = µ+ Gj + Ik + Eijk
where Yijk is the trait measured; µ is the overall population mean; Gj is the fixed effect of the jth
genotype; Ik is the fixed effect of the kth day observation; and Eijk is the random residual effect of
each observation.

RESULTS
Genomic DNA of postpartum ewes was amplified using four pairs of primers for PRLR
gene exon 10. PCR products were consistent with the target fragments and had good specificity,
which could be directly analyzed by SSCP. Only the PCR products amplified by primer P3 displayed
polymorphisms and three genotypes (AA, AB and BB) were detected (Figure 1). Comparisons
between nucleotide sequences of different genotypes revealed three SNPs, described as g.284
C>T, g.337 C>T, and g.339 C>T (Figure 2). These SNPs resulted in two nonsynonymous mutations
(g.284 C>T and g.337 C>T mutations caused an amino acid change of Pro>Leu) and one
synonymous mutation (g.339 C>T) in PRLR protein.

Figure 1. PCR-SSCP patterns of exon 10 within the sheep PRLR gene.
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Figure 2. Sequence comparison of different genotypes of the sheep PRLR gene.

Genotypic, allelic frequencies, gene homozygosity and heterozygosity, effective allele
numbers, and PIC of PRLR are shown Table 2. BB was the predominant genotype in the ewe
population sampled, and chi-square testing showed genotype distributions were in agreement
with Hardy-Weinberg equilibrium (P > 0.05; Table 2). According to the classification of PIC (low
polymorphism if PIC value <0.25; median if 0.25 < PIC < 0.5; high if PIC > 0.5), the Hu sheep
population was at median polymorphic level.
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Table 2. Genotypic distribution and genetic diversity in sheep PRLR exon 10.
Observed genotype

Total

AA

AB

BB		

4

34

43

81

χ2

Allelic frequency
A
0.259

HO

HE

PIC

NE

B					
0.741

0.684

0.666

0.334

1.623

0.310

χ2 (HWE), Hardy-Weinberg equilibrium χ2 value; HO, homozygosity; HE, heterozygosity; NE, effective allele numbers;
PIC, polymorphism information content.

Because polymorphisms were not detected in P1, P2 and P4 fragments, association
analysis did not include these fragments. The relationship between different genotypes of PRLR
exon 10 and maternal behaviors in Hu sheep ewes is presented in Table 3. For suckling behaviors,
the observations of the three genotypes were gradually decreased. There was no significant
difference between observations for licking and kicking behaviors of AA and AB genotype individuals
(P > 0.05), but there was a highly significant difference (P ≤ 0.01) and a significant difference (0.01
< P ≤ 0.05) between AA and BB, and AB and BB, respectively, for these behaviors. Significant
differences were found in suckling behavior between AA and AB genotype individuals (0.01 < P
≤ 0.05), and the difference between these two genotypes and BB genotype was very significant
for this behavior (P ≤ 0.01). No obvious difference was observed between the three genotypes for
the behavior of rejecting suckling (P > 0.05). These results demonstrate that partial sequences of
PRLR exon 10 exhibit polymorphisms, and that there was some correlation between variances in
PRLR and maternal behaviors in Hu sheep.
Table 3. Association between genotypes of PRLR exon 10 and maternal behavior traits in Hu sheep.
Genotype
AA
AB
BB

Licking

Suckling

Kicking

Rejecting suckling

715.88 ± 17.20A
632.56 ± 7.72A
635.63 ± 8.44B

392.75 ± 11.86Aa
315.00 ± 9.03Ab
268.39 ± 8.41Bc

2.75 ± 0.63a
6.94 ± 0.71a
9.82 ± 0.89b

5.50 ± 1.19
9.03 ± 1.22
12.27 ± 1.05

Values in a column with different letters indicate means that are significantly different (0.01 < P ≤ 0.05); a, b, c indicate
means significantly different (P < 0.05); A, B indicate means highly significantly different (P < 0.01).

DISCUSSION
Prolactin is an anterior pituitary peptide hormone involved in many different endocrine
activities. It is essential for reproductive performance and is also known to be one of the hormones
involved in the induction of maternal behavior (Tanaka, 2002). These actions are mediated by
specific receptors in numerous tissues. The prolactin receptor, encoded by PRLR, is a member of
the growth hormone/prolactin receptor gene family; proteins within this group contain regions of
identical sequences. Homozygous and heterozygous mutant nulliparous females in mice, which
carry a germ line null mutation of PRLR, show a deficiency in pup-induced maternal behavior
(Lucas et al., 1998). Moreover, primiparous heterozygous females exhibit a profound deficit in
maternal care when exposed to foster pups. Configural learning, eating, olfactory function,
locomotor activity, sexual behavior, and exploration are normal in PRLR mutant mice. Numerous
deficiencies in PRLR knockout mice are identified and show that maternal behavior is severely
affected in both hemizygous and heterozygous animals (Kelly, 2001). The observation that PRLR
knockout mice show a deficiency in pup contact-induced maternal behavior indicates that PRLR
plays an essential role in the induction of maternal behavior (Baran et al., 2002). Taken together,
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these results clearly establish PRLR as a regulator of maternal behavior.
In sheep, PRLR has been mapped to chromosome 16 (Jenkins et al., 2000). It is implicated
either as a major gene influencing the prolificacy in sheep, or as a gene in close linkage with such
a gene, with a role in regulating ovulation in sheep (Chu et al. 2007; Chen et al., 2010b). Based
on the important role of PRLR in reproduction, this gene is considered as a possible candidate
for high prolificacy of sheep. However, an association between PRLR and maternal behavior in
sheep has not been reported thus far. High amino acid variability within the intracellular domain of
porcine PRLR has been reported in association with differences in the number of corpus lutea of
sows, and the preweaning survivability of piglets (Tomás et al., 2006). The PCR-RFLP (polymerase
chain reaction-restriction fragment length polymorphism) technique was applied to analyze single
nucleotide polymorphisms (SNPs) of PRLR exon 10 in Minipig and Landrace breeds, to investigate
the possible effect of PRLR on sow maternal behavior (Cui et al., 2007). An NaeI-RFLP site was
detected and three genotypes were identified. Least square analysis between the genotypes and the
maternal behavioral traits showed that sows with genotype AB had a significantly higher frequency
of lateral-lying-to-other-posture trait, and percentage of sow-terminated nursing trait, compared to
sows with AA and BB genotypes. Although no significant differences were found in other behavioral
traits, it is possible that allele A was the unfavorable allele for sow maternal behavior. However, in
a different study, association analysis showed that neither alleles nor haplotypes had significant
association with maternal infanticide behavior of PRLR SNPs in the White DorucxErhulian F2
resource population (Chen et al., 2010a).
In the current study, screening for genetic variations in PRLR exon 10 of Hu sheep revealed
the presence of three SNPs, including two nonsynonymous mutations and one synonymous
mutation. Significant associations between PRLR genotypes and maternal behavior traits were
observed. The results of this study will contribute to effective selection and breeding of Hu sheep,
through the development of marker-assisted selection for maternal behavior traits.
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