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ABSTRACT

Supernumerary teats (SNT, polythelia) is a common abnormality in many mammalian species including
sheep. Recently, the WNT10A candidate gene has been reported to be associated with regulation of embry-
onic programming for mammary gland connective tissue differentiation and embryogenesis. Here, we pro-
pose that variants of this candidate gene may be linked with SNT in Ghezel (GHE) and Romanov (ROM)
sheep. Therefore, a case-control study was conducted to uncover this abnormal phenotype. The study group
consisted of fifteen individuals which had four functional teats (GHE=10, ROM=5). The control group con-
sisted of thirty individuals which each had two (normal) teats (GHE=20, ROM=10). After extraction of
genomic DNA from all samples, the candidate gene region was amplified using routine PCR. Genotyping at
the WNT10A gene was performed by sequencing of the purified amplicons. Genotypes and allele frequen-
cies were compared between the two study groups using the % statistical test. A P-value of 0.05 was con-
sidered to be the threshold below which all results were significant. No effect of allelic variation (A/G in
exon 4) between case and control groups in GHE and ROM sheep was found. In summary, our study pro-
vides preliminary results linking candidate gene this single nucleotide polymorphism to SNT in GHE and
ROM sheep.

LEAA[e] 1 mammary gland, sheep, single nucleotide polymorphism, supernumerary teats, WNT
signaling.

INTRODUCTION

Supernumerary teats (SNT, also called polythelia) is a
common abnormality in many mammals, including sheep.
Normally, the ovine mammary gland develops two func-
tional teats to nurse the lambs during the pre-weaning peri-
od. The occurrence of SNT is viewed as an undesirable
characteristic that can negatively affect milk production, as
well as causing a longer milking period and udder injuries

(Kenny, 2014). Orphan lambs are the negative consequence
of large litter sizes in sheep, and therefore, producing sheep
breeds with four functional teats may be one possible strat-
egy to overcome the problem with orphan lambs. Although
the surplus teats in SNT can be completely functional in
regards to milk production, these teats are usually non-
functional and have a greater risk to become infected with
mastitis-causing pathogens (4.3% in sheep, and 29.7% in
goat) (Kenny, 2014). In addition, the cause of SNT is prob-
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ably due to abnormal prenatal hormones and the intrauter-
ine position of the fetus (Brka et al. 2002). Currently, little
attention has been paid to the genetic prevalence of SNT in
ewes with four healthy and functional teats. In particular,
assuming two teats are beneficial in terms of fecundity, four
teats might be more efficient for suckling lambs. Theoreti-
cally, a sheep with four teats should be able to raise twice
as many lambs than a two-teats sheep thus cutting the pro-
duction costs in half.

A series of recent studies have indicated that SNT is as-
cribed to certain breeds in various mammalian species and
geographical area. These studies mostly were done on mice,
pigs, humans, buffalo, cattle, goats and sheep (Vainikainen,
1945; Brka et al. 2002). In sheep and goats, this trait is
linked to prolificacy (Kenny, 2014), and considered as a
desirable trait (Lundeheim et al. 2013). Interestingly, the
genetic background of supernumerary teats has received the
attention of researchers in the past decade. For example,
Kenny (2014) provided evidence for low to medium herita-
bility of SNT, with a frequency of 20-60 % in Finnish
Landrance and Coopworth ewes. They also reported that
inbreeding and selection for litter size can increase the
probability of its occurrence in a particular breed. However,
in order to understand the genetic background of SNT, we
need to take a look at the DNA and search for potential
mutations in candidate genes.

There are several studies addressing various candidate
genes responsible for supernumerary teats. Fibroblast
growth factor (FGF), T-box transcription factor, parathy-
roid hormone-related protein (PTHrP) and wingless-related
integration site (WNT) have been reported so far as neces-
sary factors for formation and maintenance of the mamma-
ry bud (Kenny, 2014).

Moreover, using both quantitative trait loci (QTL) analy-
sis and the direct candidate gene approach, the member
WNTZ10A of the WNT family was reported as being a can-
didate gene for abnormal teat development (Pausch et al.
2012). Generally, the WNT gene family is important for cell
fate decisions, proliferation, adhesion, cell shape and cell
movements, and plays a crucial role in early embryonic
development. It is highly associated with numerous cancers
as its members can act as oncogenes or tumor suppressor
genes (Abedini et al. 2015). The WNT gene is located on
chromosome 2 of the sheep genome, consisting of 4 exons
which are translated into a protein comprised of 416 amino
acids.

Based on the reported lines of evidence, we designed the
current study to search for a potential causal polymorphism
within the ovine wingless-type MMTV integration site fam-
ily member WNT10A gene in GHE and ROM sheep, having
either two or four functional teats to fill this literature gap.
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MATERIALS AND METHODS

Animals and sampling
We approached most North West regional sheep holders of
Iran to ask for collaboration in this case study by providing
us with sheep for sampling. The case group consisted of
fifteen individuals, each having four functional teats, from
both breeds (GHE=10, ROM=5) (Table 1). The control
group consisted of thirty individuals, each having two nor-
mal teats, again from both breeds (GHE=20, ROM=10).
Figures 1 and 2 show Ghezel and Romanov sheep with
SNT i.e. four functional teats and normal milk secretion
during feeding time.

LI An overview of the experimental case-control individuals in

both sheep breeds
Breed n Category n
Control 20
Ghazel 15 Case 10
Romanov 30 Control 10
Case 5

Blood collection, genomic DNA extraction and PCR

We collected blood from the jugular vein using vacuum
tubes coated with K,-EDTA anticoagulant. The collected
blood samples were immediately transferred onto ice,
moved to the laboratory, and kept in a -20 °C freezer. Next,
genomic DNA was extracted using a commercial DNA
purification kit (Roje, Yazd, Iran). DNA quality and quanti-
ty were checked using horizontal electrophoresis with low
melting agarose and ethidium bromide (0.5 g/mL) staining.

PCR amplification and sequencing at the WNT10A lo-
cus

In our preliminary experiments, a 346 bp fragment was
amplified from the WNT10A locus with the following pri-
mers: forward: 5-TCTGCCCCTCTCTATGTCC-3" and
reverse: 5 -GGAACTCCGTGGCTCAGG-3’, correspond-
ing to the accession number: XM_004004935.4. The poly-
merase chain reaction (PCR) reaction included 25 pL total
volume comprising of 0.1 mM of dNTP, 2.5 mM of MgCl,,
0.5 mM of each specific primer, PCR Buffer (1X), 2 U of
Taq polymerase (Denmark) and 50 ng/uL of DNA tem-
plate. PCR amplifications were performed with an initial
denaturation step (94 °C for 5 min), followed by 32 cycles
at 94 °C for 60 s, 72 °C for 60 s, and 72 °C for 5 min. Hori-
zontal gel electrophoresis was done for 40 min in a 2.5%
low melting agarose gel, then stained with Red safe dye and
visualized under UV light. A PAC1000 power supplier
(Bio-Rad, USA) was used during electrophoresis. A stand-
ard size marker ladder in increments of 100 bp was applied
to estimate the size of the PCR products (fermentas) using
computer software BIO 1D++.
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Supernumerary teat (polythelia) in Romanov sheep ewes with four functional teat

Purified PCR products of the targeted size were submit-
ted to the Sanger sequencing service (Macrogen DNA Se-
quencing Service, Korea). Sequence alignment was per-
formed using the online tools BLAST, MAFFT and
CLUSTW (www.ebi.ac.uk).

Statistical analysis

After sequencing the target genome segments, we did a
pairwise BLAST analysis of the whole target sequence
against the gene bank database sequences. So, the similarity
and identity indices (validity of sequencing of targeted
gene) were computed using MAFFT online software
(https://mafft.cbrc.jp/alignment/server/cgi-bin/mafft5.cqi).
Then, number of N (non red based) and Phred quality con-
trol index (grey bar) were monitored corresponding to each
colored peak. Sequenced nucleotides that showed higher
than a 20 QC score were considered as genuine sequences.
Comparison of allelic and genotypic frequencies between
the case and control groups were carried out using the Chi-
square test, considering a p-value below 0.05 as significant.
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KEGG pathway, PPI Interaction network and genera-
tion of the 3D protein modeling

We searched for WNT10A gene biological and cellular
function using bioinformatics view using KEGG and addi-
tionally Cytoscap based analysis for predict protein—protein
interactions networks and for generation of the three-
dimensional model of WNT10A gene proteins SWISS-
MODEL Repository was applied.

RESULTS AND DISCUSSION

Our study shows that the frequency of four healthy teats
significantly differed between the two breeds, and ranged
from 2 to 10% in the GHE and ROM sheep, respectively.
The ROM breed is well-known for giving birth to multiple
twins. Therefore, the main commercial advantage of ewes
with four functional teats is their ability to rear more lambs
successfully by allowing all to suckle at the same time thus
reducing shepherding time and labor costs in flocks with
high lambing rates.
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Figure 3 illustrated observed frequency of four functional
teats in this study.
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Observed frequency of four functional teat in this study

Figure 4 shows the PCR product of the WNT10A gene
with the expected size of 346 bp, and in sufficient amount
suitable for sequencing (Figure 3).

The quality of amplification of 345 bp PCR product of candidate
gene in the present study

From the sequencing data in Figures 5 and 6, the case-
control category mostly showed the presence of Adenine
base (A) in the position of 185 bp of amplicon in both
breeds, therefore, eliminated for further statistical associa-
tion study. Table 2 summarizes the results obtained from
analysis of the sequenced segment in the WNT10A gene, in
two breeds.

Here, our study showed that the frequency of four
healthy teats obviously is different among the investigated
breeds and had a range from 2% in ROM to 10% in GHE,
respectively. A logical explanation why sometimes breeders
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avoid driving to large litter size in sheep may relate to prob-
lematic issues of triplet births: smaller, weaker lambs for
their competitions for limited sucking milk source and teat
number.
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Validation of A/G polymorphism in 345 bp segment of
WNTL0A gene

Research on SNT has a long history, SNT can be func-
tional (i.e., with the emission of milk) or nonfunctional,
though SNT teats are not restricted to females and can be
observed in males (Kenny, 2014). SNT was detected in
approximately 17% of Turkish Saanen goats of a herd
(Martin et al. 2017). In addition, 1.65% of the goat popula-
tion examined in Bihar, India, possessed SNT (Ozoje,
2002). Furthermore, it has been reported the occurrence of
SNT is around 44% of the goat population. In a survey on
589 West African Dwarf goats (Bemji and Popoola, 2011),
an incidence of 7.3% of SNT was reported. On the other
hand, several studies have reported that the prevalence of
SNT is a primary udder abnormality in both WAD and RS
goats indigenous breeds in Nigeria (Amao et al. 2003).

Similar studies on SNT (Oseni et al. 2006) and Adebayo
and Chineke (2011) revealed that 64.3% and 5% of goats in
the southern and South Western part of Nigeria possess
extra teats, respectively. In this study, we investigated the
pattern and variability of functional teats and their associa-
tion with the candidate gene approach in GHE and ROM
(carrying two normal teats versus the unexpected four
healthy teats).
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Outputs of alignments for sequencing raw data of WNT10A gene in this study

Ll Summary of sequencing results for WNT10A gene in two investi-
gated breeds

Number Number
Breed of Category of Adenine  Guanine
samples samples
Control 5 4 1
Gahzel 15
Case 5 5 0
Control 5 5 0
Romanov 30
Case 5 5 0

Theoretically, we expected crossing four-teat rams with
four-teat ewes, may produce offspring with necessarily
functional four nipples. Also, we hypothesized that the oc-
currence of mutation in the WNT10A candidate gene could
be responsible for increasing the teat number in sheep spe-
cies. Generally, the results of PCR-sequencing in the
WNT10A gene generated the same patterns and were in the
accordance with earlier reports.

The importance of Wnt signaling is not restricted to the
early stages of mammogenesis (Incassati et al. 2010); ra-
ther, it continues to play a role in the further development
of the rudiments. Protein produced from the WNT10A gene
plays a role in the development of many parts of the body.
It appears to be essential for forming tissues that arise from
an embryonic cell layer called the ectoderm
(https://medlineplus.gov/genetics/gene/wnt10a/).  Though
the loss of Wnt 5A does not alter embryonic mammary
gland induction (Chu et al. 2004), it accelerates and en-
hances ductal growth during hormonal development by
increasing lateral branching and TEB size (Roarty and Ser-
ra, 2007).
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The candidate gene approach is a valuable tool to deter-
mine the association of a genetic variant with a disorder and
to identify the genes of modest effect (Kwon and Goate,
2000). We hypothesized that regarding the highlighted mo-
lecular function of WNT10A for the formation and mainte-
nance of the mammary bud, early development of the em-
bryo and highly associated with numerous cancers and act
as oncogenes or tumor suppressor genes, identification of
polymorphism in this gene make the potential for possible
association study. When comparing our results to those of
older studies, it must be pointed out that the selection of
candidate genes is followed by the identification of poly-
morphisms within the gene and the analysis of the associa-
tion of the genotype at the candidate gene loci with the
phenotype (Stratil and Geldermann, 2004). Our results re-
veal the same allelic variation (A/G exon 4) between two
experimental groups. Very little was found in the literature
on the Wnt10A gene in sheep and automatic discussion and
comparison of our outputs affect this deficiency of
knowledge. Prior studies have reported the importance of
other discovered candidate genes in teat number variation
and SNT like, Relaxin1(RLN1) (Un, 2002), estrogen recep-
tor, insulin-like growth factor 2 (Oltmanns, 2003), follicle-
stimulating hormone beta (Oltmanns, 2003), thyroid hor-
mone beta, parathyroid like hormone gene, leptin receptor,
prolactin, fibroblast growth factor (FGF2), epidermal
growth factor (EGF), leucinef- rich G protein-coupled rece-
ptor, growth hormone receptor (Un, 2002), Insulin-like

growth factor (Un, 2002), Growth hormone-releasing hor
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mone receptor (Un, 2002) are summary of a listed candi-
date gene for teat number and the presence of supernumer-
ary teat in livestock (Wysolmerski et al.1998; Foley et al.
2001).

Statistically, we used the database for annotation, visuali-
zation and integrated discovery (DAVID), kyoto encyclo-
pedia of genes and genomes (KEGG), stimulator of inter-
feron genes (STRING) and Gene Function Prediction using
a multiple Association Network Integration Algorithm
(gene Mania) computational free tools and online bioinfor-
matics resource and demonstrated this critical role path in
mammary gland development during embryonic ectodermal
organs differentiation process and formation of teats. Stim-
ulation of the pathway leads to a series of biological PI3K,
STAT, transforming growth factor B, epidermal gro-

cellular pathways such as fibroblast growth factor, MAPK,
wth factor, Parathyroid hormone-related protein, ectodys-
plasin pathways (Figures 7-9).

In summary, the present result highlights no significant
association between identified gene-based variation in the
investigated candidate genes and supernumerary teat in
Ghezel and Romanov sheep breeds.

Limitations of the present studies naturally include a low
sample size of animals that carry supernumerary four func-
tional teats and only one candidate gene for biomarker in-
quiries, so future investigations are necessary to re-perform
such motivation using more sample size, more prominent
candidate gene and sophisticated technology such as next-
generation sequencing and genome-comprehensive associa-
tion projects.
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WNT protein using 3D modeling perspective

CONCLUSION

On this basis, our study addressed the frequency of four
healthy teats differed among investigated breeds and ranged
from 2 to 10% in ROM and GHE sheep, respectively. For
the WNT10A gene, no evidence of allelic variation (A/G
exon 4) between the case and control group in GHE and
ROM was detected. Overall, our study provides a prelimi-
nary attempt to linked candidate gene polymorphism to a
SNT in GHE, which may confirm the critical role of this
gene in the mammary epithelium differentiation during
embryonic programming for future lactation.
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