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Abstract

POU1F1 gene controls cell differentiation and animal growth by binding to target DNA promoter sequence, thereby
auto-regulating its own expression and expression of growth hormone (GH), prolactin (PRL) and thyroid-stimulating
hormone beta sub-unit (TSHp) genes. Therefore, the exploration of caprine POU1F1 gene polymorphisms may be vital
in the formulation of conservation and breed improvement strategies. In this study, POU1F1 gene was characterized
for sequence polymorphisms in 366 individuals from two Nigerian goat breeds ((West African Dwarf (WAD) and Red
Sokoto (RS)) and one South African goat breed (Kalahari (KR)). The effects of polymorphisms on litter size were
investigated using linear mixed model. Two intronic mutations (9.306G>A and g.11236C>T) were identified. However,
no significant association was found between the Single Nucleotide Polymorphisms (SNPs) and litter size in the three
populations. The genetic distance based on POU1F1 investigated region revealed that the two Nigerian breeds and the
South African breed were identical (pairwise genetic distance of 0.00). Phylogenetic tree constructed from the pairwise
distance clustered the three breeds into a single clade with the two Nigerian goat breeds havina a more recent common
ancestor. Structural analysis of the POUL1F1 protein confirmed that Pit-Oct-Unc transcription factors domain (POU) and
Homeodomain (HOX) domains are conserved in mammals, with several overlapping sub-domains across the same
region in all the three populations. We found a subdomain Subfamily of SANT domain or myb/SANT-like domain in
Adf-1 (MADF) in goat, cattle, buffalo and camel that has not been reported in mammals.
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Introduction

Among domesticated ruminants reared in the tropical and subtropical regions, goat (Capra hircus) is
regarded as the most prolific (Yadav and Yadav, 2008). Their ability to survive under low input production
system as well as adapt to harsh environmental condition makes them a favorite choice for farmers in the
tropics (Fajemilehin and Salako, 2008; Serrano et al., 2009). In Nigeria, the two most important goat breeds
are West African Dwarf (WAD) and Red Sokoto (RS) (Adah et al., 1993; Yakubu et al., 2010a). These
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breeds are widely spread in the country with both having unique features and adaptability to different
climatic conditions of the country (Adah et al., 1993; Yakubu et al., 2010b; Obua et al., 2012). The WAD
goats are trypanotolerant and more adapted to the humid climatic condition of Southern Nigeria whereas, the
RS goats are widely popular for their high-quality skin and ability to adapt well to the tropical hot-dry
climatic conditions of northern Nigeria (Hoste et al., 1992; Akpa et al., 1998). The Kalahari Red (KR) goat,
on the other hand, is a meat-producing goat which originates from South Africa (Kotze et al., 2004). It was
introduced to Nigeria in 2011 for breeding purposes (Bemji et al., 2014). The KR goat is also renowned for
its ability to adapt to a wider range of climatic conditions (Kotze et al., 2004).

Litter size, i.e., the number of young born alive per kidding, is an important factor driving the profitability in
the goat industry (Lai et al., 2016). In Nigeria, the WAD and RS goats are the most prolific breeds with
average litter size of 1.60 and 1.45, respectively (Abubakar et al., 2013; Oga, 2016). Information based on
limited data showed that mean litter size of KR goats bred in Nigeria was 1.67 for dams fed with grass
supplemented with low protein diets (Oderinwale et al., 2017). Over the past decades, the application of
traditional selective breeding to improve litter size resulted in limited success (An et al., 2010) due to its low
heritability (Otuma and Onu, 2013). Thus, the application of candidate gene approach could lead to
accelerated improvement for this trait in selecting breeding stocks with high reproductive potential (Li et al.,
2011).

In breeding indigenous goats, the critical research problem that necessitates urgent attention is the
conservation and use of these breeds of animals (Wang et al., 2011). Genetic characterization allows the
assessment of genetic variability and understanding animal evolutionary history (Muritala et al., 2015),
which is crucial for breed conservation priorities and sustainable management programs (Aggarwal et al.,
2007; Glowatzki-Mullis et al., 2008; Kevorkian et al., 2010). Several studies have characterized Nigerian
breeds and Kalahari Red goat using microsatellite markers (Okpeku et al., 2011; Agaviezor et al., 2012; Ojo
et al., 2015, Murital et al., 2015; Ojo et al., 2018). Information is currently limited on characterization of
Nigerian goat breeds based on candidate genes that affect economic traits.

The POULF1 gene is a member of the pituitary-specific POU-containing transcription factor family, which
contains POU DNA-binding domain (Ozmen et al., 2014). It consists of the N-terminal transactivating
domain (TAD) and Pou-Homeo domain which are involved in protein—protein interactions, DNA binding
and interactions with transcription co-factors (Andersen and Rosenfeld, 2001). The POU1F1 gene controls
cell differentiation and animal growth and development by binding to target DNA promoter sequence,
thereby auto-regulating its own expression (Andersen and Rosenfeld, 2001; Ho et al., 2015). It also regulates
the expression of three other genes that code for hormones, namely; growth hormone (GH), prolactin (PRL)
and thyroid stimulating hormone beta sub-unit (7SHp) genes (Sobrier et al., 2016). These three genes
function within the hypothalamo-pituitary gonadal axis that regulates ovulation and litter size in small
ruminants (Zhang et al., 2011; An et al., 2015; Huang et al., 2015). The POU1F1 gene contains 6 exons and
5 introns and encodes a protein with 291 amino acids. Mutations in the gene have been associated with
economically important traits in livestock (Carsai et al., 2012; Feng et al., 2012; Daga et al., 2013; Korkmaz-
Agaoglu et al., 2019; Putra et al., 2019). However, no study has examined polymorphisms of this gene and
their relationship with litter size in African goat breeds. This study was therefore conducted to characterize
its genetic polymorphisms in two Nigerian goat breeds and Kalahari Red goat and also investigate its
association with litter size.

Materials and Methods
Experimental animals, management and location

In this study, 226 WAD, 70 RS and 70 KR goats were used. Animals were managed semi-intensively at
Ipokia Local Government area of Ogun State by local farmers (WAD), National Animal Production
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Research Institute (NAPRI), Shika-Zaria (RS) and Institute of Food Security, Environmental Resources and
Agricultural Research of the Federal University of Agriculture, Abeokuta (FUNAAB), Nigeria (KR). Only
animals that kidded within the same season were used with parity of does ranging from 1-5. The average
litter size and parities of the three populations are presented in Table 1. The locations of the sampled herds
are indicated in Figure. 1.
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Figure. 1. Map of the Federal Republic of Nigeria showing the locations of the study area

Table 1. Parity and the average litter size of the three populations

Breed N Parity Litter size
WAD 70 1 1.25+0.06
56 2 1.62+0.09
78 3 1.94+0.07
16 4 2.15+0.10
6 5 2.0+0.23
RS 70 3 1.59+0.14
KR 52 1 1.35+0.11
18 2 1.29+0.18

N= No of animal; WAD= West African Dwarf; RS= Red Sokoto; KR= Kalahari

Blood sample collection and DNA isolation

The ethical guidelines and approval of the College of Animal Science and Livestock Production of the
Federal University of Agriculture, Abeokuta, Nigeria were followed in the research. Blood samples (about 5
mL/animal) were collected aseptically from the jugular vein of does into BD vacutainer tubes (Becton,
Dickinson and Company, USA) containing EDTA anticoagulant. The samples were snap frozen and
transported to the laboratory and kept in a freezer at -20°C until DNA purification. Genomic DNA was
extracted from whole blood using NucleoSpin® Genomic DNA extraction kit (MACHEREY-NAGEL
GmBh & Co. KG, Germany) based on manufacturer’s procedure. The NanoDrop ND-1000
spectrophotometer (Nano Drop Technolgies, Wilmington, DE, USA) was used to assess the quantity and
quality of extracted DNA.

Primer design, PCR amplification and sequencing
Caprine POULF1 gene sequence (NC_030808.1, position 34235896 to 34251973) was used to design six
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pairs of primers (Table 2) with Primer3 software (Untergrasser et al., 2012) to amplify the promoter region
and exons, including ~250 bps of surrounding introns. PCR reactions were performed in a 25 pL volume
containing 1 uM each primer (forward and reverse), 10X PCR buffer (including 1.5 mM MgCI2), 200 uM
dNTPs and 1 unit of Tag DNA polymerase (New England Biolabs Ltd, Whitby, ON, Canada). About 60 ng
of genomic DNA was used as template. Thermocycling conditions consisted of 35 cycles of initial
denaturation at 95 °C for 5 min, denaturation at 94 °C for 30 s; primer annealing at 58 to 62°C for 1 min;
primer extension at 72°C for 1 min with final extension at 72°C for 10 min. PCR products were separated in
1.5% agarose gel in 1 x TBE electrophoresis buffer. The gels were stained with Safe View (Applied
Biological Materials Inc, Richmond, BC, Canada) and viewed under UV light using Alphamager® 2200
version 5.5 gel documentation systems (Alpha Innotech, San Leandro, CA, USA). Sequencing of pooled
PCR products (10 samples per pool) for polymorphism detection was carried out with the Big Dye®
Terminator chemistry on ABI3730XI (Applied Biosystems, Foster City, CA, USA) DNA analyzer by
Genome Quebec and McGill University Innovation Center, Quebec, Canada
(https://genomequebec.mcqgill.ca/).

Table 2. Primer sequences used in the amplification of the coding regions and surrounding intronic
sequences of the POU1F1 gene

Primer Primer length  Primer sequence (5> — 3) Region Length TA
(bp) 4]

POU1F1_80F 20 TTGCCTTCATTCCCTACCCA Promoter region and exon 1~ 837 58.62
POU1F1_4073F 22 ACGAATGTGTCTTGAATCCTCAT Exon 2 + introns 493 58.93
POU1F1_11091F 20 GCTTCAGAAAACCGAATGTC Exon 3 + introns 943 59.50
POU1F1_13635F 23 TGAATGGCAGATGTTCCTATCTG Exon 4 + introns 682 58.29
POU1F1_15754F 20 GGAAACGGAGAACAACTATC Exon 5 + introns 802 57.52
POULF1 15754F 20 GCTTGGAAGGTGTTTGCAGA Exon 6 + introns 788 59.89

SNP identification and genotyping

Single nucleotide polymorphisms were identified in POU1F1 gene from chromatographs of pooled samples
with the aid of Codon Code aligner (Codon code Corporation Dedham, MA, USA) and verification was done
using Chromas version 2.31 software (Technelsium Pty Ltd., Tewantin, Queensland, Australia). SNP
genotyping of individual samples at the identified SNP loci was accomplished by the method of
SequenumiPLEX Gold Technology on a MassARRAY platform (Sequenom Inc. San Diego, CA, USA) by
McGill University and Genome Quebec Innovation Center (https://genomequebec.mcgill.ca/). A total of 366
does were genotyped at the two identified SNP loci. Diversity indices including allelic and genotypic
frequencies, heterozygosity (He), polymorphism information content (PIC) and Hardy-Weinberg equilibrium
were estimated using Genetics package (https://cran.r-project.org/web/packages/ genetics/index.html) in R
environment. The effect of SNP genotype on litter size was evaluated for separate populations using the
following mixed model:

y=Xb+Za+e

Where; y is the vector for observation on litter size, b is the vector of fixed effects of genotype (1, 2, 3) and
parity (1, 2, 3, 4, 5), a is the vector of random effect of doe, e is the random error. X and Z are incidence
matrices relating records to their respective effects. Analysis of variance was done using SAS version 9
(SAS Institute, Cary, NC, USA).

Sequence analysis

Nucleotide sequences of different PCR fragments of the investigated region of the POU1F1 gene were
assembled into contigs in WAD, RS and KR breeds. The nucleotide sequences were then aligned with that of
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other mammalian species available in GenBank using the ClustalW program (Thompson et al., 1994),
implemented in MEGA-X. Pairwise genetic distances among the three goat breeds and other mammalian
species were estimated using the various aligned sequences. Phylogenetic tree was constructed using the
Neighbor-joining method (Saitou and Nei, 1987) to classify the populations into different clades. The
reliability of the phylogenetic tree was assessed using bootstrap values computed after 10,000 replications of
re-sampling loci.

Domain Structure Analysis

To delineate the functional domains of the complete open reading frame (ORF) of goat (representing WAD,
RS and KR) and other mammalian species (ORF retrieved from GenBank), POU1F1 gene ORFs from goat
and other mammals were submitted into Simple Modular Architecture Research Tool software (SMART;
http://smartemblheidelberg.de).

Results
Polymorphisms in the POU1F1 gene and genetic diversity of the populations

Two transition mutations (9.306G>A and g.11236C>T) were identified within POU1F1 gene in the goat
populations (Figure. 2). The SNPs were detected in introns 1 (g.306G>A) and 3 (9.11236C>T) (Table 3).
KR goats were non-polymorphic at g.306G>A loci. The polymorphic sites were numbered according to
caprine POU1F1 sequence (GeneBank: NC_030808.1) relative to the transcription start site.

Individuals with homozygous AA genotype at g.306G>A were predominant in WAD and RS goats at
frequencies of 0.70 and 0.58, respectively. At g.11236C>T locus, CC genotype was the most abundant with
a frequency of 0.67 in both WAD and KR goats. Conversely, heterozygote (CT) was the predominant
genotype (0.41) in RS goats (Table 4).

High heterozygosity estimates were observed in RS (0.40 and 0.50 at g.306G>A and ¢.11236C>T,
respectively). WAD and KR breeds recorded lower heterozygosity estimates (<0.30) at the two SNP loci.
The three breeds had moderate genetic diversity (0.25 < PIC < 0.50) at the polymorphic sites and were all in
HWE (P > 0.05).

(@)

(b)

Figure 2. Sequence chromatogram showing the polymorphic sites in the POU1F1 gene. (a) g.306G>A and
(b) g.11236C>T.
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Table 3. Single nucleotide polymorphisms identified in the POU1F1 gene.

Site Chromosome Mutation Genomic region
Intron 1 6 G>A g.306G>A
Intron 3 6 C>T g.11236C>T

Table 4. Genetic Diversity indices based on the identified mutations in the POU1F1 gene of West African
Dwarf, Red Sokoto and Kalahari Red goats.

SNP Breed Genotypic frequency Allelic frequency He PIC HWE
exact test
(p-value)
0.306G>A GG GA AA A G
WAD 001 0.29 0.70 0.84 0.16 0.29 0.25 0.61
RS 012 031 0.58 0.73 0.27 0.40 0.31 0.32
0.11236C>T cC CT TT C T
WAD 067 028 0.04 0.81 0.19 0.30 0.25 0.46
RS 033 041 0.26 0.54 0.46 0.50 0.37 0.44
KR 0.67 0.23 0.00 0.83 0.17 0.29 0.24 1.00

He = Heterozygosity; PIC = Polymorphic information content; HWE = Hardy-Weinberg equilibrium
Association analysis

The effect of SNP genotype at two SNPs loci on litter size is given in Table 4. No significant association
between the intronic SNPs and litter size was found in the studied populations (Table 5).

Table 5. Least square mean for litter size for genotypes at SNP loci in the POU1F1 gene of West African
Dwarf, Red Sokoto and Kalahari Red goats

SNP Breed Genotype Litter size + SE P-adjusted
g.306G>A WAD GG 1.75+0.48 0.86
GA 1.68+0.09
AA 1.67+0.05
RS GG 1.33+0.48 0.61
GA 2.00+0.09
AA 1.47+0.05
9.11236C>T WAD cC 1.66+0.05 0.87
CT 1.65+0.09
TT 1.47+0.25 0.47
RS cC 1.33+0.24 0.38
CT 1.82+0.26
KR TT 1.57+0.32
cC 1.50+0.20
CT 1.00+0.36

Genetic distance among mammalian species

Pair-wise genetic distances based on investigated region of the POU1F1 gene among the three populations
are presented in Table 6. Results revealed the closest genetic distance of 0.00 among the three goat
populations and the farthest genetic distance of 0.280 between Horse and the goat populations studied. The
standard error of the estimate for all the genetic distances ranged from 0.000 to 0.015.
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Table 6. Genetic distances among WAD, RS and KR goats and other mammalian species

1 2 3 4 S 6 7 8 9 10 11

1 0.000 0.000 0.015 0.014 0.014 0.014 0.015 0.015 0.015 0.015
2 0.000 0.000 0.015 0.014 0.014 0.015 0.015 0.015 0.015 0.015
3 0.000  0.000 0.015 0.014 0.014 0.014 0.015 0.015 0.015 0.015
4 0.224 0224 0.224 0.004 0.004 0.008 0.009 0.009 0.010 0.009
5 0226 0.227 0.226  0.016 0.002 0.008 0.008 0.009 0.010 0.009
6 0211 0212 0211 0.015 0.002 0.008 0.008 0.009 0.010 0.009
7 0259 0260 0259 0.065 0.058 0.057 0.008 0.009 0.009 0.009
8 0272 0272 0272 0072 0065 0.064 0.062 0.008 0.009 0.008
9 0269 0269 0269 0.081 008  0.077 0.073 0.072 0.002  0.009
10 0272 0272 0272 008 0084 0.082 0.07/8 0.076 0.05 0.009
11 0280 0280 0.280 0.094 0.086 0.085 0.08/ 0.073 0.076 0.081

1-WAD, 2-RS, 3-KR, 4- Sheep, 5-Cattle, 6-Buffalo, 7-Pig, 8-Camel, 9-Chimpanzee, 10-Human, 11-Horse
Standard genetic distances (below diagonal) and standard errors (above diagonal)

Domain structure analysis of POU1F1 gene

Structural analysis of predicted POU1F1 protein based on the ORF revealed similarity in domain structure
among the three goat breeds, distinct from other mammalian species (Supplementary Figure 1). Some
domains were not displayed in the supplementary figure 1 because the priority for display by the tool was
SMART > PFAM > PROSPERO repeats > Signal peptide > Transmembrane > Coiled-coil > Unstructured
regions > Low complexity. The domains not displayed because they overlapped with more prioritized
domains include subfamily of SANT domain (myb/SANT-like domain in Adf-1) (MADF), membrane-attack
complex/perforin (MACPF), helix_turn_helix multiple antibiotic resistance protein (HTH_MARR), domain
in helicases and associated with SANT domains (HAS), helix loop helix domain (HLH), Fish-specific
NACHT associated domain (FISNA), laminin N-terminal domain (domain VI) (LamNT), ¢-SKI Smad4
binding domain (c-SKI_SMAD_bind) (Supplementary Table 1). The goat populations had POU and HOX
domains with the MADF sub-domain within the POU domain. All other mammalian species included in the
analysis had additional sub-domains within the HOX domain that are different from the goat populations
(Supplementary Table 1).

Phylogenetic analysis

The Neighbor-joining phylogenetic tree (Figure 3) revealed that all the three breeds belong to the same clade
with the Nigerian goats (WAD and RS) having the most recent common ancestor. All the other mammalian
species formed different clades as expected.

Discussion

The present work is the first attempt to characterize genetic polymorphisms in the POU1F1 gene in two
Nigerian and Kalahari Red goat breeds. Results revealed two intronic mutations in POU1F1 gene of the two
Nigerian goats and South African breed. These mutations were reported in Jining Grey goats (Feng et al.,
2012). Daga et al. (2013) reported seven intronic SNPs in POUL1F1 gene in Sarda goats. Similar to our
results, no significant association was found between the intronic SNPs and litter size in the study of Feng et
al. (2012). However, Getmantseva et al. (2017) reported significant association between an intronic SNP
with reproductive traits in pigs. Hong and Park (2012) noted that larger sample size is required for
population-based studies to increase statistical power in detecting significant variants. The inability to detect
significant association between SNPs and litter size in our study could have been due to lower statistical
power limited by sample size, especially for RS and KR populations. The importance of intronic mutations
have been widely reviewed in the literature. Introns play key roles in transcription initiation and termination
(Antoniou et al., 1998; Petit et al., 2008; Chorev and Carmel, 2012), regulation of alternative splicing (Sorek
and Ast, 2003; Pan et al., 2008; Roy et al., 2015), genome organization (Liu et al., 1995; Vinogradov,
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2006), regulation of nonsense-mediated decay (Maquat, 2004; Chang et al., 2007; Silva and Romao, 2009)
and most importantly, positive regulation of gene expression (Clark et al., 1993; Juneau et al., 2006;
Shabalina et al., 2010).
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Figure. 3. Phylogenetic relationships among WAD, RS, KR and other mammalian species using bootstrap value computed after
10,000 replications

The estimate of genetic distance is a measure of genetic diversity between species or between populations
within a species (Nei, 1987). Genetic distance and distribution of alleles between populations characterizes
the evolutionary relatedness of populations to explicitly measure their genotype differentiation (Vieira et al.,
2016). These distances, when used to construct phylogenetic trees, depict the genotypic relatedness between
populations (Pritchard et al., 2000). The genetic distance observed between WAD and RS indicates that
POULF1 is highly conserved in the two Nigerian goat breeds. Higher genetic distance ranging from 0.11 to
0.39 was reported between WAD and RS using microsatellite markers (Adebambo, 2003; Okpeku et al.,
2011, Muriatal et al., 2015; Ojo et al., 2018). This is expected because microsatellite markers are highly
polymorphic than SNP mutation (Weber and Wong, 1993; Xu et al., 2000). Moreover, two loci were used to
infer the genetic distance, coupled with the small sample size used in our study. The genetic similarity
observed between the two goat populations in this study could be attributed to gene flow perhaps due to
indiscriminate breeding between the populations, similar to what was reported between cattle populations
reared under the nomadic husbandry system (Ibeagha-Awemu and Erhardt, 2005; Ibeagha-Awemu and
Erhardt, 2006). The phylogenetic tree based on POU1FL1 investigated regioin revealed a distinct clade for the
two Nigerian breeds which might be due to common alleles shared between the two goat populations,
another indication of interbreeding between the two breeds. This is expected due to free movement of the
breeds in Nigeria as northern herdsmen, especially in the rainy season, usually migrate southwards with RS
goats in search of pasture and premium price from selling the animals and their products (Ojo et al., 2015).
This may have facilitated gene flow between the two distinct breeds. Although the two Nigerian goat breeds
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and the South African goat clustered on the same clade, there is indication that WAD and RS are most
closely related since both shared the most recent common ancestor compared with Kalahari Red. This is
further supported by the study of Murital et al. (2015). The separation of the Kalahari Red from the two
Nigerian breeds could also be attributed to differences in geographical locations of origin (Awotunde et al.,
2015).

The domain structural analysis of POULF1 ORFs in the studied goat breeds and other species revealed two
conserved domains (POU and HOX) in mammals. POU domain is a sequence-specific DNA binding
transcription factor and it is highly conserved in all mammalian species (Wallis, 2018), while the HOX
domain is a DNA-binding factor that controls differential genetic programs along the anterior-posterior axis
of animal bodies (Alonso, 2002). The POU domain transcription factors have many functions including
regulation of neural development in both vertebrate and invertebrate sensory systems (Assa-Munt et al.,
1993; Erkman et al., 1996; McEvilly et al., 2002; Komiyama et al., 2003; Corty et al., 2016) and organismal
development (Andersen and Rosenfeld, 2001). In mammals, including goats, the POU domain is expressed
in the germ-line cells and early embryogenesis, indicating its role in early development (Rosenfeld 1991).
The POU domain is also widely expressed in mammalian fore and mid-brain suggesting its role in the
development of brain structure (Rosenfeld 1991) and is one of the controlling components of the cell-cell
signaling process underlying the hypothalamic regulation of female puberty (Ojeda et al., 1999) perhaps via
interaction with estrogen receptor (Bourguignon et al., 1997). HOX domain, on the other hand, is responsible
for shaping animal structures by inducing different developmental programs along the anteroposterior body
axis (Alonso, 2002). This is achieved by the activation of cell death, promoting gene reaper to maintain the
boundaries between the maxillary and mandibular head lobes (Lohmann et al., 2002).

Despite POU and HOX domains being conserved within the mammals, some sub-domains are overlapping
them. Our analysis suggests that subfamily of SANT domain (MADF) is present in caprine, ovine and
bovine species. The role of this domain has been reported in the literature, including transcriptional
regulation of essential target genes that play key roles in germ cell development (Zimmermann et al., 2006;
Rao et al., 2016). The MADF domain has been identified in numerous organisms, including worms (Rao et
al., 2016), insects (Vidal et al., 2016), mites (Ljunggren et al., 2006), flies and fish (Zimmermann et al.,
2006; Shukla et al., 2014). To the best of our knowledge, this domain has not been identified in mammalian
genomes, which may be due to lack of complete experimental characterization of ORF predictions of major
genome sequencing projects in mammals (Ljunggren et al., 2006). Well-characterized protein-coding loci
could produce transcripts with the potential for encoding novel protein species (Denoeud et al., 2007;
Rozowsky et al., 2007).

Conclusion

This is the first report of sequence characterization of the POU1F1 gene in African goat breeds. Two intronic
SNPs were identified in the Nigerian breeds, but only one SNP was identified in KR goats. We were unable
to detect association between the SNPs and litter size in the three populations. Larger sample size with its
consequent improvement of statistical power should be used in future studies. Close genetic relationship
observed based on the POU1F1 region investigated between the two Nigerian breeds and a distinct
separation from the South African (KR) breed are attributed to relatively wide divide in geographical area of
origin. This study thus confirms the conserved POU and HOX domain structures of POU1F1 in mammalian
species with an underlying sub-domain overlapping the same region of the domain features. Further research
should, however, completely characterize the ORF predictions of the whole genome further to unravel
hidden domain structures of economic importance in goats.

Acknowledgments
The authors are grateful to the Management of the Institute of Food Security, Environmental Resources and

50



Olasege et al, et al (2021) Gen. Biodiv. J: 5 (1) : 42-59

Agricultural Research of FUNAAB, National Animal Production Research Institute, Ahmadu Bello
University, Zaria, and the goat farmers of the Ipokia Local Government Area of Ogun State, Nigeria for
respectively allowing access to make use of Kalahari Red, Red Sokoto and West African Dwarf goats for
this study.

Funding

The investigation was not supported by grant from funding agencies in the public or private sectors. The
authors contributed financially for laboratory analyses, sequencing/genotyping of samples.

Conflict of interest
None

References

Abubakar MY. Akpa GN. Nwagu Bl. Hassan AM 2014. Phenotypic Correlations and Relationship
Estimations between Litter Size, Kidding Interval, Parity and Body Size Characteristics in Red Sokoto
Goat.

Adah MI. Otesile EB. Joshua RA 1993. Susceptibility of Nigerian West African Dwarf and Red Sokoto

goats to a strain of Trypanosoma congolense. Vet. Parasit. 47 (3-4), 177- 188.
https://doi.org/10.1016/0304-4017(93)90020-n
Adebambo OA 2003. Animal breeds: A nation’s heritage. An inaugural lecture delivered at University

of Agriculture, Abeokuta, Nigeria, 8th October, 2003. pp 102.
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.721.7749&rep=repl &type=pdf

Agaviezor, B.O., Peters, S.0., Adefenwa, M.A., Yakubu, A., Adebambo, O.A., Ozoje, M.O., lkeobi,
C.O.N., Wheto, M., Ajayi, O.0., Amusan, S.A., Ekundayo, O.J., Sanni, T.M., Okpeku, M.,
Onasanya, G.O., De Donato, M., llori, B.M., Kizilkaya, K., Imumorin I.G. 2012.
Morphological and microsatellite DNA diversity of Nigerian indigenous sheep. J. Anim. Sci. and
Biotech. 3,38. https://doi.org/10.1186/2049-1891-3-38

Aggarwal RAK., Dixit SP. Verma NK. Ahlawat SP. Kumar Y. Kumar S. Chander R. Singh KP 2007.
Population genetics analysis of Mehsana goat based on microsatellite markers. Curr.  Sci. 92, 1133-
1137.

Akpa GN. Duru S. Amos TT 1998. Influence of strain and sex on estimation of within-ge-group body
weight of Nigerian Maradi goats from their linear body measurements. Trop. Agric. (Trinidad), 75, 462-
467.

Alonso CR 2002. Hox proteins: sculpting body parts by activating localized cell death. Curr. Biol., 12,
R776-R778. https://doi.org/10.1016/s0960-9822(02)01291-5

An X, Hou J. Gao T. Lei Y. Li G. Song Y. Wang J. Cao B 2015. Single-nucleotide polymorphisms g.
151435C> T and g. 173057T> C in PRLR gene regulated by bta-miR-302a are associated with litter size
in goats. Theriogenology, 83(9), 1477-1483. https://doi.org/10.1016/j.theriogenology.2015.01.030

An XP. Han D. Hou JX. Li G. Wang JG. Yang MM. Song YX. Zhou GQ. Wang JG. Ling L. Yan Q.
M. Cao BY 2009. GnRHR gene polymorphisms and their effects on reproductive performance in
Chinese goats. Small Rum Res 85, 130-134

Andersen B. Rosenfeld MG 2001. POU domain factors in the neuroendocrine system: Lessons from
developmental biology provide insights into human disease. Endocr. Rev. 22:2-35.
https://doi.org/10.1210/edrv.22.1.0421

Antoniou M. Geraghty F. Hurst J. Grosveld F 1998. Efficient 3-end formation of human beta-globin
mMRNA in vivo requires sequences within the last intron but occurs independently of the splicing reaction.
Nucleic Acids Res. 26, 721-729. https://doi.org/10.1093/nar/26.3.721

51


https://doi.org/10.1016/0304-4017(93)90020-n
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.721.7749&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.721.7749&rep=rep1&type=pdf
https://doi.org/10.1186/2049-1891-3-38
https://doi.org/10.1016/s0960-9822(02)01291-5
https://doi.org/10.1016/j.theriogenology.2015.01.030
https://doi.org/10.1210/edrv.22.1.0421
https://doi.org/10.1093/nar/26.3.721

Olasege et al, et al (2021) Gen. Biodiv. J: 5 (1) : 42-59

Assa-Munt N. Mortishire-Smith RJ. Aurora R. Herr W. Wright PE 1993. The solution structure of the
Oct-1 POU-specific domain reveals a striking similarity to the bacteriophage repressor DNA-binding
domain. Cell, 73, 193-205. https://doi.org/10.1016/0092-8674(93)90171-1

Awotunde EO. Bemji MN. Olowofeso O. James 1J. Ajayi OO. Adebambo AO 2015. Mitochondrial
DNA sequence analysis and phylogenetic relationships among two  Nigerian goat breeds and South
African Kalahari Red. Anim. Biotech. 26,180-187. https://doi.org/10.1080/10495398.2014.977907

Bemji, MN. Awotunde EO. Olowofeso O. Adebambo AO 2014. Phylogenetic relationships among two
Nigerian goat breeds and Kalahari red goat of South Africa. Proceedings, 10" World Congress on
Genetics applied to Livestock Production. Vancouver, British Columbia, Canada, August 17-22; 870.

Bourguignon JP. Jaeken J. Gerard A. de Zegher F 1997. Amino acid neurotransmission and initiation of
puberty: evidence from nonketotic hyperglycinemia in a female infant and gonadotropin-releasing
hormone secretion by rat hypothalamic explants. The Journal of Clin. Endocr. Met. 82(6): 1899-1903.
https://doi.org/10.1210/jcem.82.6.4018

Carsai TC. Balteanu VA. Vlaic A. Cosier V 2012. The Polymorphism of Pituitary Factor 1 (POU1F1)
in Cattle. Scientific Papers: Animal Science and Biotechnologies, 45: 142-146.

Chang YF. Imam JS. Wilkinson MF 2007. The nonsense mediated decay RNA surveillance pathway.
Annual Rev. Biochem., 76, 51-74. http://spasb.ro/index.php/spasb/article/view/513/472

Chorev M. Carmel L. 2012. The function of introns. Front. Genet. 3: 55.
https://doi.org/10.3389/fgene.2012.00055

Clark AJ. Archibald AL. McClenaghan M. Simons JP. Wallace R. Whitelaw CB 1993. Enhancing the
efficiency of transgene expression. Philos. Trans. R. Soc. Lond. B. Biol. Sci. 339: 225-232.
https://doi.org/10.1098/rstb.1993.0020

Corty MM. Tam J. Grueber WB 2016. Dendritic diversification through transcription factor-mediated
suppression of alternative morphologies. Development, 143: 1351-1362.
https://doi.org/10.1242/dev.130906

Daga CPM. Luridiana S. Mura MC. Bodano S. Pazzola M. Dettori ML. Vacca GM. Carcangui V
2013. Identification of novel SNPs in the Sarda breed goats POU1F1 gene and their association with
milk productive performance. Mol. Biol. Rep., 40:2829-2835. https://doi.org/10.1007/s11033-012-2298-0

Denoeud F. Kapranov P. Ucla C. Frankish A. Castelo R. Drenkow J. Lagarde J. Alioto T. Manzano C.
Chrast J. Dike S. Wyss C. Henrichsen CN. Holroyd N. Dickson MC. Taylor R. Hance Z. Foissac S.
Myers RM. Rogers J. Hubbard T. Harrow J. Guigé R. Gingeras TR. Antonarakis SE. Reymond A
2007. Prominent use of distal 5’ transcription start sites and discovery of a large number of additional
exons in ENCODE regions. Genome Res. 17:746-759. https://doi.org/10.1101/gr.5660607

Erkman L. McEvilly RJ. Luo L. Ryan AK. Hooshmand F. O’Connell SM. Keithley EM. Rapaport
DH. Ryan AF. Rosenfeld MG 1996. Role of transcription factorsa Brn-3.1 and Brn-3.2 in auditory
and visual system development. Nature, 381: 603-606. https://doi.org/10.1038/381603a0

Fajemilehin OKS. Salako AE 2008. Body measurement characteristics of the West African Dwarf (WAD)
goat in deciduous forest zone of southwestern Nigeria. Afr. J. Biotechnol. 7 :2521-2526.
https://www.ajol.info/index.php/ajb/article/view/59069/47377

Feng, T., Chu, M.X., Cao, GL. Tang QQ. Di R. Fang L. Li N 2012. Polymorphisms of caprine POU1F1
gene and their association with litter size in Jinning Grey goats. Mol. Biol. Rep. 39, 4029-4038.
https://doi.org/10.1007/s11033-011-1184-5

Glowatzki-Mullis ML. Muntwyler J. Baumle E. Gaillard C 2008. Genetic diversity —measures of Swiss
goat breeds as decision-making support for conservation policy. Small Rum. Res. 74 (1-3): 202-211.
https://doi.org/10.1016/j.smallrumres.2007.07.002

Getmantseva L. Kolosov A. Leonova M. Usatov A. Bakoev F. Klimenko A. Bakoev S 2017. Effect of
polymorphisms in intron 1 of the swine POU1F1 gene on growth and reproductive traits. Turk. J. Vet.
Anim. Sci. 41: 643-647. https://doi.org/10.3906/vet-1702-77

52


https://doi.org/10.1016/0092-8674(93)90171-l
https://doi.org/10.1080/10495398.2014.977907
https://doi.org/10.1210/jcem.82.6.4018
https://doi.org/10.1210/jcem.82.6.4018
http://spasb.ro/index.php/spasb/article/view/513/472
https://doi.org/10.3389/fgene.2012.00055
https://doi.org/10.1098/rstb.1993.0020
https://doi.org/10.1098/rstb.1993.0020
https://doi.org/10.1242/dev.130906
https://doi.org/10.1007/s11033-012-2298-0
https://doi.org/10.1101/gr.5660607
https://doi.org/10.1101/gr.5660607
https://doi.org/10.1038/381603a0
https://www.ajol.info/index.php/ajb/article/view/59069/47377
https://doi.org/10.1007/s11033-011-1184-5
https://doi.org/10.1016/j.smallrumres.2007.07.002
https://doi.org/10.1016/j.smallrumres.2007.07.002
https://doi.org/10.3906/vet-1702-77

Olasege et al, et al (2021) Gen. Biodiv. J: 5 (1) : 42-59

Groeneveld LF. Lenstra JA. Eding H. Toro MA. Scherf B. Pilling D. Negrini R. Finlay EK. Jianlin H.
Groeneveld E. Weigend S 2010. Genetic diversity in farm animals — A review. Anim. Genet. 41 (1): 6-
31. https://doi.org/10.1111/j.1365-2052.2010.02038.x

Ho Y. Cooke NE. Liebhaber SA 2015. An autoregulatory pathway establishes the definitive chromatin
conformation at the pit-1 locus. Mol. Cell Biol. 35: 1523-1532. https://doi.org/10.1128/MCB.01283-14

Hoste CH. Chalon E. D’leteren G. Trail JCM 1992. Trypanotolerant livestock in West and Central Africa.
FAO Animal Health and Production Papers, 20 (2): 56-66.

Hong EP. Park JW 2012 Sample size and statistical power calculation in genetic association studies.
Genomics Inform; 10 (2):117-122. https://doi.org/10.5808/GI.2012.10.2.117

Huang DW. Wang JX. Liu QY. Chu MX. Di R. He JN. Cao GL. Fang L. Feng T. Li N. 2013. Analysis
on DNA sequence of TSHB gene and its association with reproductive seasonality in goats. Mol. Biol.
Rep., 40(2):1893-1904. https://doi.org/10.1007/s11033-012-2245-0

Ibeagha-Awemu EM. Erhardt G 2006. An evaluation of genetic diversity indices of the Red Bororo and
White Fulani cattle breeds with different molecular markers and their implications for current and future
improvement options. Trop. Anim. Health Prod. 38: 431-441. https://doi.org/10.1007/s11250-006-4347-y

Ibeagha-Awemu EM. Erhardt G 2005. Genetic structure and differentiation of 12 African Bos indicus and
Bos taurus cattle breeds, inferred from protein and microsatellite polymorphisms. J. Anim. Breed. Genet.
122:12-20. https://doi.org/10.1111/].1439-0388.2004.00478.x

Juneau, K. Miranda M. Hillenmeyer ME. Nislow C. Davis RW 2006. Introns regulate RNA and protein
abundance in yeast. Genetics, 174, 511-518. https://doi.org/110.1534/genetics.106.058560

Kevorkian SEM. Georgescu SE. Manea MA. Zaulet M. Hermenean AO. Costache M 2010. Genetic
diversity using microsatellite markers in four Romanian autochthonous sheep breeds. Rom. Biotechnol.
Lett., 15 (1): 5059-5065.

Komiyama T. Johnson WA. Luo L. Jefferis GS 2003. From lineage to wiring specificity: POU domain
transcription factors control precise connections of Drosophila olfactory projection neurons. Cell,
112:157-167. https://doi.org/10.1016/s0092-8674(03)00030-8

Korkmaz-Agaoglu O. Elmaz O. Akyiiz B. Zeytiinlii E. Saatci M 2019. Identifying polymorphism in some
genes and their effects on growth performance in Honamli and hair goat breeds. Genetika, 51(3): 995-
1008. https://doi.org/10.2298/GENSR1903995K

Kotze A. Swart H. Grobler JP. Nemaangani A 2004. A Genetic Profile of the Kalahari Red Goat Breed
from Southern Africa. S. Afr. J. Anim. Sci. 34 (1): 10-12.

Lai FN. Zhai HL. Cheng M. Ma JY. Cheng SF. Ge W. Zhang GL. Wang, J. J., Zhang, R. Q., Wang, X
and Min, L. J., 2016. Whole-genome scanning for the litter size trait associated genes and SNPs under
selection in dairy goat (Capra hircus). Scientific reports, 6, 38096

Li G. Wu H. P. Fu MZ. Zhou ZQ 2011. Novel single nucleotide polymorphisms of GnRHR gene and their
association with litter size in goats. Archives Animal Breeding, 54(6): 618-624.

Liu K. Sandgren EP. Palmiter RD. Stein A 1995. Rat growth hormone gene introns  stimulate
nucleosome alignment in vitro and in transgenic mice. Proc. Natl. Acad. Sci. 92: 7724-7728.
https://doi.org/10.1073/pnas.92.17.7724

Ljunggren EL. Bergstrom K. Morrison DA. Mattsson JG 2006. Characterization of anatypical antigen
from Sarcoptes scabiei containing an MADF domain. Parasitology, 132: 117-126.
https://doi.org/10.1017/S0031182005008747

Lohmann I. McGinnis N. Bodmer M. McGinnis W 2002. The Drosophila Hox gene  deformed sculpts
head morphology via direct regulation of the Apoptosis activator reaper. Cell, 110: 457.
https://doi.org/10.1016/s0092-8674(02)00871-1

McEvilly RJ. de Diaz MO. Schonemann MD. Hooshmand F. Rosenfeld MG 2002. Transcriptional
regulation of cortical neuron migration by POU domain factors. Science, 295: 1528-1532.
https://doi.org/10.1126/science.1067132

53


https://doi.org/10.1111/j.1365-2052.2010.02038.x
https://doi.org/10.1111/j.1365-2052.2010.02038.x
https://doi.org/10.1128/MCB.01283-14
https://doi.org/10.5808/GI.2012.10.2.117
https://doi.org/10.1007/s11033-012-2245-0
https://doi.org/10.1007/s11250-006-4347-y
https://doi.org/10.1007/s11250-006-4347-y
https://doi.org/10.1111/j.1439-0388.2004.00478.x
https://doi.org/10.1111/j.1439-0388.2004.00478.x
https://doi.org/110.1534/genetics.106.058560
https://doi.org/10.1016/s0092-8674(03)00030-8
https://doi.org/10.1016/s0092-8674(03)00030-8
https://doi.org/10.2298/GENSR1903995K
https://doi.org/10.2298/GENSR1903995K
https://doi.org/10.1073/pnas.92.17.7724
https://doi.org/10.1017/S0031182005008747
https://doi.org/10.1016/s0092-8674(02)00871-1
https://doi.org/10.1126/science.1067132

Olasege et al, et al (2021) Gen. Biodiv. J: 5 (1) : 42-59

Magquat LE 2004. Nonsense mediated mMRNA decay: splicing, translation and mRNA  dynamics. Nat.
Rev. Mol. Cell. Biol. 5: 89-99. https://doi.org/10.1038/nrm1310

Murital 1. Afolayan O. Bemji MN. Dadi O. Landi V. Martinez A. Delgado JV. Adebambo OA. Aina,
ABJ. Adebambo AO 2015. Genetic diversity and population structure of Nigerian indigenous goat using
DNA microsatellite markers. Arch. Zootec. 64 (246): 93-98.

Nei M 1987. Molecular evolutionary genetics. Columbia University Press, New York.
https://doi.org/10.1002/ajpa.1330750317

Obua BE. Amaechi N. Osodeke S. 2012. Comparative evaluation of haematological profile of West
African Dwarf and Red Sokoto goats reared in humid southeastern Nigeria. Int’l J. Agric. and Rural Dev.
15 (3): 1190-1197. f

Oderinwale OA. Oluwatosin BO. Sowande OS. Bemji MN. Amosu SD. Sanusi GO 2017. Concentrate
supplementations of grazing pregnant Kalahari Red goats: Effects on pregnancy variables, reproductive
performance, birth types and weight of kids. Tropical Animal Health and Production, 49(6), 1125-1133

Ogah DM 2016. Breeding strategies for indigenous goat genetic resources among smallholder farmers in
North Central Nigeria. Livest. Res. Rural Dev, 28(4), 1-8

Ojo OA. Akpa GN. Orunmuyi M. Adeyinka, I.A., Kabir, M., Alphonsus, C., 2018. Genetic analysis of
Nigerian indigenous goat populations using microsattelite markers. Iranian J. Appl. Anim. Sci. 8(2),
287-294. https://www.sid.ir/FileServer/JE/1034220180214

0Ojo OA. Akpa GN. Orunmuyi M. Adeyinka IA 2015. Genetic differentiation among Nigerian
indigenous goat populations. J. Agric. Sci. 7 (11), 39-47. https://doi.org/10.5539/jas.v7n11p39

Ojeda SR. Terasawa E 2002. Neuroendocrine regulation of puberty. In Hormones, brain and behavior.
Academic Press pp. 589-659. https://doi.org/10.1016/B978-012532104-4/50077-9

Okpeku M. Peter SO. Ozoje MO. Adebambo OA. Agaviezor B.O. O’Neill MJ. Imumorin IG 2011.
Preliminary analysis of microsatellite-based genetic diversity of goats in Southern Nigerian. Anim.
Genet. Res. 49: 33-41. https://doi.org/10.1017/S207863361100035X

Otuma MO. Onu PN 2013. Genetic effects, relationships and heritability of some growth traits in Nigeria
crossbreed goats. Agric. Biol. J. North Am, 4(4), 388-392

Ozmen O. Kul S. Unal EO 2014. Polymorphism of sheep POU1F1 gene exon 6 and 3'UTR region and their
association with milk production traits. Iran. J. Vet. Res. 15 (4): 331-335.

Pan Q. Shai O. Lee LJ. Frey BJ. Blencowe BJ 2008. Deep surveying of alternative splicing complexity in
the human transcriptome by high-throughput sequencing. Nat. Genet. 40:1413-1415.
https://doi.org/10.1038/ng.259

Petit MM. Lindskog H. Larsson E. Wasteson P. Athley E. Breuer S. Angstenberger M. Hertfelder D.
Mattsson E. Nordheim A. Nelander S. Lindahl P 2008. Smooth muscle expression of lipoma preferred
partner is mediated by an alternative intronic promoter that is regulated by serum response
factor/myocardin. Circ. Res. 103: 61-69. https://doi.org/10.1161/CIRCRESAHA.108.177436

Putra WPB. Agung PP. Said S 2019. The polymorphism in g. 1256G> A of bovine pituitary specific
transcription factor-1 (bPIT-1) gene and its association with body weight of Pasundan cattle. Journal of
the Indonesian Tropical Animal Agriculture, 44(1): 19-27. https://doi.org/10.14710/jitaa.44.1.19-27

Pritchard JK. Stephens M. Donnelly P 2000. Inference of population structure using multilocus genotype
data. Genetics, 155: 945-959.

Rao Z. Duan J. Xia Q. Feng Q 2016. In silico identification of BESS-DC genes and expression
analysis in the silkworm, Bombyx mori. Gene, 575: 478-487. https://doi.org/10.1016/j.gene.2015.09.024

Roy CK. Olson S. Graveley BR. Zamore PD. Moore MJ 2015. Assessing long-distance RNA sequence
connectivity via RNA-templated DNA-DNA ligation. eLife, 13: 4. https://doi.org/10.7554/eL ife.03700

Rozowsky JS. Newburger D. Sayward F. Wu J. Jordan G. Korbel JO. Nagalakshmi U. Yang J. Zheng
D. Guigdé R. Gingeras TR. Weissman S. Miller P. Snyder M. Gerstein MB. 2007. The DART

54


https://doi.org/10.1038/nrm1310
https://doi.org/10.1002/ajpa.1330750317
https://pdfs.semanticscholar.org/7cf2/453b1e9087b9a67031be5db1b14faeed150d.pdf
https://www.sid.ir/FileServer/JE/1034220180214
https://doi.org/10.5539/jas.v7n11p39
https://doi.org/10.1016/B978-012532104-4/50077-9
https://doi.org/10.1017/S207863361100035X
https://doi.org/10.1038/ng.259
https://doi.org/10.1161/CIRCRESAHA.108.177436
https://doi.org/10.14710/jitaa.44.1.19-27
https://doi.org/10.1016/j.gene.2015.09.024
https://doi.org/10.7554/eLife.03700

Olasege et al, et al (2021) Gen. Biodiv. J: 5 (1) : 42-59

classification of unannotated transcription within the ENCODE regions: associating transcription with
known and novel loci. Genome Res. 17: 732-745. https://doi.org/10.1101/gr.5696007

Saitou N. Nei M 1987. The neighbor-joining method: a new method for reconstruction of phylogenetic
trees. Mol. Biol. Evol. 4: 406-425.https://doi.org/10.1093/oxfordjournals.molbev.a040454

Serrano M. Calvo JH. Martinez M. Marcos-Carcavilla A. Cuevas J. Gonzalez C. Jurado JJ. de
Tejada PD 2009. Microsatellite based genetic diversity and population structure of the endangered
Spanish Guadarrama goat breed. BMC Genet. 10, 61. https://doi.org/10.1186/1471-2156-10-61

Shabalina SA. Ogurtsov AY. Spiridonov AN. Novichkov PS. Spiridonov NA. Koonin EV 2010. Distinct
patterns of expression and evolution of intronless and intron-containing mammalian genes. Mol. Biol.
Evol. 27 :1745-1749. https://doi.org/10.1093/molbev/msg086

Silva AL. Romao L 2009. The mammalian nonsense-mediated mRNA decay pathway: to decay or not to
decay! Which players make the decision? FEBS Lett., 583:499-505.
https://doi.org/10.1016/j.febslet.2008.12.058

Sobrier ML. Tsai YC. Pérez C. Leheup B. Bouceba T. Duquesnoy P. Copin B. Sizova D. Penzo A.
Stanger BZ. Cooke NE 2016. Functional characterization of a human POU1F1 mutation associated with
isolated growth hormone deficiency: a novel etiology for IGHD. Human molecular genetics, 25(3), 472-
483. https://doi.org/10.1093/hmg/ddv486

Sorek R. Ast G 2003. Intronic sequences flanking alternatively spliced exons are conserved between human
and mouse. Genome Res. 13, 1631-1637.https://doi.org/10.1101/gr.1208803

Thompson JD. Higgins DG. Gibson TJ 1994. CLUSTAL W: improving the sensitivity of progressive
multiple sequence alignment through sequence weighting, position-specific gap penalties and weight
matrix choice. Nucleic Acid Res. 22. 4673-4680.https://doi.org/10.1093/nar/22.22.4673

Untergrasser A. Cutcutache I. Koressaar T. Ye J. Faircloth BC. Remm M. Rozen SG 2012. Primer3
new capabilities and interfaces. Nucleic Acids Res. 40 (15), e115 https://doi.org/10.1093/nar/gks596

Vinogradov AE 2006. “Genome design” model: evidence from conserved intronic sequence in
humanmouse comparison. Genome Res. 16, 347-354. https://doi.org/10.1101/gr.4318206

Vidal NM. Grazziotin AL. lyer LM. Aravind L. Venancio TM 2016. Transcription factors, chromatin

proteins and the diversification of Hemiptera. Insect Biochem.and  Mol. Biol. 69, 1-13.
https://doi.org/10.1016/j.ibmb.2015.07.001

Vieira FG. Lassalle F. Korneliussen TS. Fumagalli M 2016. Improving the estimation of genetic
distances from next-generation sequencing data. Biol. J. Linn. Soc. Lond. 117, 139-149.

https://doi.org/10.1111/bij.12511
Wallis M. 2018. Evolution of the POU1F1 transcription factor in mammals: Rapid change of the
alternatively-spliced B-domain. Gen. Comp. Endocrinol., 260 (D), 100-106.
https://doi.org/10.1016/j.ygcen.2018.01.005
Wang Y. Yuanxiao L. Nana Z. Junyan B 2011. Polymorphism of exon 2 of BMP15 gene and its
relationship with litter size of two Chinese goats. Asian-Australasian Journal of Animal Sciences, 24(7),
905-911

Weber JL. Wong C 1993. Mutation of human short tandem repeats. Hum. Mol. Genet. 2, 1123-
1118. https://doi.org/10.1093/hmg/2.8.1123
Xu X. Peng M. Fang Z 2000. The direction of microsatellite mutations is dependent upon allele

length. Nat. Genet. 24.396-399. https://doi.org/10.1038/74238

Yadav A. Yadav BR 2008. DNA Fingerprint: Genetic relationship in six Indian goat breeds. Indian  J.
Biotechnol., 7:487-490. https://doi.org/10.3923/biotech.2007.57.60

Yakubu, A., Salako, A.E., Imumorin, 1.G., Ige, A.O., Akinyemi, M.O. 2010a. Discriminant  analysis of
morphometric differentiation in the West African Dwarf and Red Sokoto goats. S. Afr. J. Anim. Sci.
40 (4), 381-387. http://dx.doi.org/10.4314/sajas.v40i4.65261

55


https://doi.org/10.1101/gr.5696007
https://doi.org/10.1093/oxfordjournals.molbev.a040454
https://doi.org/10.1186/1471-2156-10-61
https://doi.org/10.1093/molbev/msq086
https://doi.org/10.1016/j.febslet.2008.12.058
https://doi.org/10.1093/hmg/ddv486
https://doi.org/10.1101/gr.1208803
https://doi.org/10.1093/nar/22.22.4673
http://steverozen.net/
http://bioinfo.ut.ee/primer3/Untergasser_etal_NuclAcidsRes2012.pdf
http://bioinfo.ut.ee/primer3/Untergasser_etal_NuclAcidsRes2012.pdf
https://doi.org/10.1093/nar/gks596
https://doi.org/10.1101/gr.4318206
https://doi.org/10.1016/j.ibmb.2015.07.001
https://doi.org/10.1111/bij.12511
https://doi.org/10.1016/j.ygcen.2018.01.005
https://doi.org/10.1093/hmg/2.8.1123
https://doi.org/10.1038/74238
https://doi.org/10.3923/biotech.2007.57.60
http://dx.doi.org/10.4314/sajas.v40i4.65261

Olasege et al, et al (2021) Gen. Biodiv. J: 5 (1) : 42-59

Yakubu A. Salako AE. Imumorin IG 2010b. Comparative multivariate analysis of biometric traits of West
African Dwarf and Red Sokoto goats. Trop. Anim. Health Prod. 43: 561-566.
https://doi.org/10.1007/s11250-010-9731-y

Zhang C. Liu Y. Huang K. Zeng W. Xu D. Wen Q. Yang L 2011. The association of two single
nucleotide polymorphisms (SNPs) in growth hormone (GH) gene with litter size and
superovulation  response  in  goat-breeds. Genet.  Mol.  Biol.  34(1):  49-55.
https://doi.org/10.1590/S1415-47572010005000110

Zimmermann G. Furlong EE. Suyama K. Scott MP 2006. Mes2, a MADF-containing
transcription factor essential for Drosophila development. Dev. Dyn. 235: 3387-3395.
https://doi.org/10.1002/dvdy.20970

56


https://doi.org/10.1007/s11250-010-9731-y
https://doi.org/10.1007/s11250-010-9731-y
https://doi.org/10.1590/S1415-47572010005000110
https://doi.org/10.1590/S1415-47572010005000110
https://doi.org/10.1002/dvdy.20970
https://doi.org/10.1002/dvdy.20970

Olasege et al, et al (2021) Gen. Biodiv. J: 5 (1) : 42-59

Supplementary materials

Y. :@b F GOAT

" Ho>x - - SHEEP

Ho>x |- CATTLE
HoXx BUFFALO

X
- N

ane

HOX - PIG

HO>X — CAMEL

N\
-

N
-

HOX - HORSE

N,
-

Ho>X - |- CHIMPANZEE

N
-

444

Supplementary Figure. 1. Comparison of the domain structures of POU1F1 gene obtained from the amino acid sequence of different
species based on SMART analysis.

Supplementary Table 1. Structural domains of WAD, RS, KR and other mammalian species

Animal Name of domain Definition Start End  E-value

WAD POU Pit-Oct-Unc transcription factors 150 224 4.04e-51
HOX Homeodomain 240 302 1.17e-18
MADF Subfamily of SANT domain (myb/SANT-like 160 231 1430

domain in Adf-1)

Sheep POU Pit-Oct-Unc transcription factors 124 198 4.04e-51
HOX Homeodomain 214 276 1.02e-18

Cattle POU Pit-Oct-Unc transcription factors 124 198 4.04e-51
HOX Homeodomain 214 276 1.17e-18
MACPF Membrane-attack complex / perforin 109 281 668
MADF Subfamily of SANT domain (myb/SANT-like 134 205 1430

domain in Adf-1)
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