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We analyzed the genetic diversity of Nigerian cattle from 119 and 20 mitochondrial DNA
(mtDNA) D-loop and Y-chromosomal sequences respectively and compared with global
cattle samples. Nigerian cattle can be assigned to 80 haplotypes based on the D-loop
sequences and haplotype diversity was 0.985 + 0.005. The network showed two major
matrilineal clustering: the dominant cluster (with haplogroup T1, 98.3% constituting the
Nigerian cattle) together with other African cattle; and that composed of Eurasian cattle.
Our findings also show the presence of haplogroup T3, 1.7% in Nigerian cattle suggesting
low European/West Asian cattle maternal influence. Paternal analysis indicates only Asian
zebu haplogroup Y3 influence with several haplotypes in Nigerian cattle. There was no
signal of maternal genetic structure in Nigerian cattle population, which may likely suggest
the extensive genetic intermixing within the country. The absence of Bos indicus maternal
signal in Nigerian cattle is attributable to vulnerability bottleneck of mtDNA lineages and
concordance with the view of male zebu genetic introgression in African cattle. Our study
provides insight into Nigerian cattle genetic diversity and population history in West Africa.
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Abstract

We analyzed the genetic diversity of Nigerian cattle from 119 and 20 mitochondrial DNA
(mtDNA) D-loop and Y-chromosomal sequences respectively and compared with global cattle
samples. Nigerian cattle can be assigned to 80 haplotypes based on the D-loop sequences and
haplotype diversity was 0.985+0.005. The network showed two major matrilineal clustering: the
dominant cluster (with haplogroup T1, 98.3% constituting the Nigerian cattle) together with
other African cattle; and that composed of Eurasian cattle. Our findings also show the presence
of haplogroup T3, 1.7% in Nigerian cattle suggesting low European/West Asian cattle maternal
influence. Paternal analysis indicates only Asian zebu haplogroup Y3 influence with several
haplotypes in Nigerian cattle. There was no signal of maternal genetic structure in Nigerian cattle
population, which may likely suggest the extensive genetic intermixing within the country. The
absence of Bos indicus maternal signal in Nigerian cattle is attributable to vulnerability
bottleneck of mtDNA lineages and concordance with the view of male zebu genetic introgression
in African cattle. Our study provides insight into Nigerian cattle genetic diversity and population

history in West Africa.
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INTRODUCTION

The modern domestic cattle were initially domesticated about 10,000 years ago from two
putative domestication centers, the Near East for Bos faurus and the Indian Sub-continent for B.
indicus (Loftus et al., 1994a). In Africa, the modern domestic cattle were probably introduced at
different times starting with B. taurus circa 7,000 BP and later B. indicus circa 4,000 BP from
their putative centers of domestication (Meghen, MacHugh & Bradley, 1994). However, the
latter were rapidly introduced around ~699 - 640 AD by the Arab traders following the death of
the Prophet (Bradley et al., 1998). Penetration of the predominant African taurine to West Africa
was amid 4,000 BP (Marshall & Hildebrand, 2002). According to Meghen, MacHugh & Bradley.
(1994), the post-introduction of the zebu cattle led to spread of zebus sporadically in Western
Africa circa 1,400 years ago from eastern Africa hypothesized to be the original entry point of
zebus in Africa (Gifford-Gonzalez & Hanotte, 2011). So far, the origin of African cattle is still
under strong debate due to conflicting archaeological and genetic evidence (Hanotte et al., 2002),

unravelling of any possible clues is still at large and with very crucial pressure.

Nigeria, a country in West Africa harbors quite a number of cattle including taurines, zebus,
(Rege, 1999) and their crossbreds (Loftus et al., 1994a). Apart from being a valued source of
meat, milk, skin, and wool, Nigerian cattle are observed as important idols in ceremonial rituals
and utilized for drafting and ploughing during farming. Acquisition of the current knowledge

regarding the genetic status of Nigerian cattle is crucial for conservation and utilization of their
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genetic resources. Although there are some genetic diversity studies on West African cattle,
particularly in Nigeria and-have investigated a few populations with limited sample size (Bradley
et al., 1994, Loftus et al., 1994a; Loftus et al., 1994b, Bradley et al., 1996, Perez-Pardal et al.,
2018). This could imply that the actual extent of the genetic diversity of Nigerian cattle still

remains gnigma.

To deeiphes; the genetic diversity in Nigerian cattle, we employed the use of both mtDNA and Y-
chromosomal markers, which have been widely used in assessing the diversity and
genogeoraphic structure of many domestic animals (Ramirez et al., 2009; Wang et al., 2014). In
this study we therefore evaluated variation in mtDNA D-loop and Y-chromosome of 119 and 20
Nigerian cattle samples respectively. Due to the nature of husbandry management in most of
African countries, the assessment of genetic variation in Nigerian cattle was conducted based on
their sampled locations such as from North Western (Zamfara, Kano, Katsina, Kaduna, and
Sokoto States); North Eastern (Taraba, and Plateau States) and Western (Oyo State) regions of

Nigeria (Fig. 1a).

MATERIALS AND METHODS

Ethical considerations

All experimental procedures in the present study were performed in accordance to Research
Guidelines for the Institutional Review Board of Kunming Institute of Zoology, Chinese

Academy of Sciences (SMKX2017009).

Sampling and data collection
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A total of 139 Nigerian cattle individuals (119 females and 20 males) were sampled from
farmer's herds in eight different States in Nigeria as follows (Fig. 1a); Kaduna State (n=19
females; n=3 males), Kano State (n=4 females; n=2 males), Katsina State (n=4 females; n=2
males), Sokoto State (n=27 females; n=4 males), Mambilla plateau in Taraba State (n=35
females; n=2 males), Zamfara State (n=8 females; n=2 males), Oyo State (n=1 female; n=2
males) and Jos city in Plateau State (n=21 females; n=2 males). During sample collection, to
obtain genetically unrelated cattle from the eight states in Nigeria, ecological and geographical
perspectives were considered. This included randomly sampling of at most two animals per
household and only from those households located approximately 0.5 km further apart. Farmers
were also interviewed on the pedigree information of their animals prior to carrying out blood
collection. Blood samples were kept in 95% ethanol at room temperature before transportation to

the laboratory. Samples were stored at 4°C for immediate use, or at -80°C for later use.

Yak (Bos grunniens: Accession no. MN398192, Huang et al., 2020) and a B. indicus sample
from West Asia (Accession no. EU177868, Achilli et al., 2008) were used as outgroups in
phylogenetic tree and haplotype network analyses respectively. A total of 420 sequences based
on 636 bp (of the D-loop region) that included 119 individuals from Nigeria, 76 from Europe, 16
from West Asia, and 209 from other African countries (31 Egyptian cattle, 16 Mozambiquan
cattle, 126 Ethiopian cattle, 34 Nguni cattle from South Africa, and two additional samples from
Nigeria) were used in mtDNA analyses (more information in Figure 1 legend part b; Table S1).
For Y-chromosome analyses only few representative samples of the three major haplogroups of

cattle were used as detailed in the supplementary Table S2.

DNA extraction, PCR and sequencing

Peer] reviewing PDF | (2020:06:50178:0:1:NEW 24 Jun 2020)


Utilizador
Comment on Text
It's interesting that the authors mention this criteria, which is indeed recommended if the aim is to obtain a good representation of the overall genetic diversity. But, it's striking to me that particularly in Nigeria (and Ethiopia) the total number of mtDNA haplotypes was considerably smaller than for other origins. What is typical for the hypervariable D-loop regions is that almost each individual is unique unless there's some level of inbreeding. Perhaps this deserves a comment in the discussion.  

Utilizador
Highlight
NCBI accession numbers should also be provided in Tables S1, S2 and S4 for the sequences deriving from this study.

Indeed, I find a bit repetitive the information of Tables S1 and S4 - it could probably be merged into one Table.


PeerJ

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

Genomic DNA was extracted from ~5ml of blood following phenol-chloroform method
(Sambrook & Russell, 2001). We amplified 636-base pair of the D-loop region of mtDNA, using
primers constructed from L.27712 D-loop sequence for both forward and reverse primers (Table
S3) (Loftus et al., 1994). The mtDNA amplification and sequencing reactions were carried out in
a total of 25ul PCR reaction mixture using ~40 ng of mtDNA, 10 pmol of each primer, 2.5
mMAdNTPs and 5 units of Takara Taq DNA polymerase in a 10pmol TIAGEN reaction buffer
containing 1.5 mM MgCl,. Amplifications were carried out in a thermocycler for at least 35
cycles as follows: 95°C for 5 min, 94°C for 45 sec, 58°C for 30 sec, 72°C for 1 min 30 sec, and a
final extension of 7 min at 72°C. The quality and confirmation check were performed using 2%
agarose gel and visualization under UV transilluminator. The PCR products were purified using

EXO/SAP enzymes and finally sequenced using Sanger sequencing approach.

We have sequenced 286 bp of the bovine Y-chromosome (Ginja et al., 2009) in 20 Nigerian
cattle (Table S2 and S3; GenBank accession numbers: xxx-xxx) in order to identify polymorphic
sites in the X-degenerate male specific regions of the bovine Y-chromosome (MSY) (Chang et
al., 2013). In particular, an intron 10 region of the Y-linked zinc finger protein Y (ZFY) gene
(Ginja et al., 2009; Table S3) was used to-generate-primers for the amplification and sequencing
of all 20 samples with the length of 286 bp. We applied the same PCR conditions used in the
amplification of mtDNA with exception of the annealing temperature was 53 °C. The quality
control checks were carried out and all sequences were assembled in SeqMan Lasergene package

in DNASTAR software.

Data analysis

Sequences check and alignment
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The assembled DNA sequences of 139 individuals were exported into MEGA X ver 10.1.7
software (Kumar et al., 2018) for alignment with other cattle populations mined from Genbank
for both mtDNA D-loop (Table S1 and S4) and ZFY Y-chromosomal markers (Table S2).
Multiple sequence alignments of the D-loop region and ZFY gene of the Y-chromosome were
carried out using CLUSTAL W package (Thompson, Higgins & Gibson, 1994) integrated in the
MEGA software. All sites containing alignment gaps were excluded from the analysis. Our data
involved amplification and sequencing of the 636 -base pair (bp) mtDNA D-loop region and 286
bp ZFY gene of 119 and 20 Nigerian cattle samples respectively. Variations in the D-loop region
were detected by assembling all forward and reverse sequences against the reference B. taurus
mtDNA sequence [(GenBank accession no. V00654); (Anderson et al., 1982)] using SeqMan
Lasergene package in DNASTAR software. Variations in the Y-chromosome of the X
degenerate region located at intron 10 of ZFY gene were also determined. The alignments and
assembly of the Y-chromosome sequences were carried out similarly following the protocol used
by Ginja, Telo da Gama & Penedo, (2009) where sequences from distantly related species were
used as deployed by Gotherstrom et al. (2005) but using Bison bison, B. frontalis, and B.
grunniens sequences (Verkaar et al., 2004). The polymorphic sites among all Nigerian
individuals were identified using a B. taurus reference genome (GenBank Accession no.

AF241271; Lawson et al., 2002).

Genetic diversity and haplogroup classification

MitoToolPy Linux (Peng et al., 2015) was used to determine haplogroup distribution across
Africa by analyzing a 240 bp fragment length of the D-loop region of mtDNA involving 609
cattle samples in total (including the 119 Nigerian cattle sequenced in this study [(Fig. 1a; Table

S4); (reference data were retrieved from: Loftus et al., 1994a; Bradley et al., 1996, Troy et al.,
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2001; Beja-Pereira et al., 2006, Dadi et al., 2009; Bonfiglio et al., 2012; Horsburgh et al., 2013,
Olivieri et al., 2015)] . We used DnaSP v5 (Librado & Rozas, 2009) to determine the haplotypes
in 420 mtDNA cattle sequences and the assignment of bovine Y-chromosome haplogroups for
Nigerian cattle. The-extent-of-genetic diversity, was assessed by using Arlequin v3.5 (Excoffier
& Lischer, 2010) and expressed in terms of the number of haplotypes (H) and polymorphic sites
(PS), haplotype diversity (HD), nucleotide diversity (w), the mean number of nucleotide
differences (Df) and their standard deviations (SD) estimated across all African populations used
in this study. Notably, the comparisons of the genetic diversity estimates were considered for

only those populations with sample size above 5.

Phylogenetic tree analyses

To investigate the evolutionary relationship of Nigerian cattle with other cattle samples mined
from GenBank (Tableg S1 and S2), the same version of MEGA software was used to construct a
rooted neighbor-joining (NJ) phylogenetic tree (Saitou & Nei 1987) using the Maximum
Composite Likelihood evolutionary distance approach (Tamura, Nei & Kumar, 2004) and
bootstrap test was employed at 1000 replications so as to assess the confidence of each node
(Felsenstein, 1985). To further visualize the genetic relationships between the haplotypes and
identifying the number of unique mtDNA D-loop haplogroups present in the 420 dataset, the
median-joining (MJ) network (Bandelt, Forster & Rohl, 1999) was generated by using Network

v4.6 software (www.fluxus-engineering.com).

Population genetic structure and demographic dynamic profiles

To infer the matrilineal genetic variation within populations, among populations, and groups of

populations, analysis of molecular variance (AMOV A) was carried out following 50,000
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permutations in Arlequin v3.5 software. The analysis was conducted for Nigerian cattle at
various hierarchical levels viz the Nigerian cattle as a single cluster, Nigerian cattle vs the other
African countries but also vs cattle from Europe and West Asia. The levels of significance in
each hierarchical cluster tested were evaluated using Fgr parameter at a significant P level of

0.05.

To unrave] the population dynamics and demographic patterns of Nigerian cattle population,
mismatch distribution patterns were estimated (Rogers & Harpending, 1992) with respect to
their geographical regions for North West and North East. The chi-square test of goodness of fit
and Harpending's raggedness index “7”” (Harpending, 1994) statistics were also calculated to
assert the significance of the deviations of the sum of squares differences (SSD) observed from
the simulated model of demographic expansions determined by 1,000 coalescent simulations.
Demographic statistical parameters for Tajima's D (Tajima, 1989) and Fu's Fs (Fu, 1997) were
also estimated by using Arlequin v3.5 software to further complement the mismatch distribution

patterns.

RESULTS

Variation in mtDNA sequences and genetic diversity

In this study we evaluated variations in the mtDNA D-loop of 119 Nigerian cattle together with
301 global cattle sequences based on 636 bp from Egypt, Ethiopia, Mozambique, South Africa,
Europe and West Asia available in the GenBank. The sequences generated in this study have
been deposited in the GenBank with accession numbers MT362777 — MT362895. There were

153 variable sites scored in all 420 cattle samples that defined 275 haplotypes (Table S5) and 80
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221 cattle.
222 Haplogroup classification and phylogenetic trees using mtDNA

223 The haplogroup distribution across Africa shows that majority of African cattle are of B. taurus
224  T1 the widely known B. taurus haplogroup for African cattle (Fig. 1a, Table S4). This was also
225 evidently confirmed when considering Nigerian cattle analyzed in this study where majority of
226 them were classified into haplogroup T1 (98.3%) (Table S1 and S4). Interestingly-eneugh, two
227  of the Nigerian individuals were detected with haplogroup T3 atratherverylew frequency of
228  1.7%, which could imply low influence of European/West Asian cattle, probably have been

229 brought about by a way of interbreeding with exotic commercial breeds in the recent past. Apart
230 from Nigeria, other African countries in the Northern part of Africa particularly Egypt, Libya
231 and Morocco were also deteeted-with-the other types of B. taurus haplogroups T2, T3 and Q1.

232 No trace of B. indicus lineage was observed in Nigerian cattle samples sequenced in this study.

233 To obtain further insights into the haplotype relationships, the network analysis (Fig. 1b) and
234 phylogenetic tree (Fig. S1) were constructed using the 636 bp sequences of 119 Nigerian cattle
235 and 301 other sequences retrieved from the GeneBank. The phylogenetic tree has-indieated, two

236  major lineages of cattle, B. taurus (T1, T2, T3, TS5, and Q1) and B. indicus (I1 and 12) lineages as
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237 expected. All Nigerian cattle have been placed together with the rest of taurine cattle individuals
238 separately from the zebu cattle. The MJ network depicted similar pattern where haplogroup I1
239 for zebu lineage (considered herein as the outgroup) was separated from all the taurine

240 haplogroups. Furthermore, the network revealed two major clustering: the first cluster showed
241 grouping of Nigerian cattle with African and European cattle; while the second cluster did not
242  contain Nigerian individuals. Nigerian cattle in the first cluster exhibit a star-like pattern, which

243 signifies a signature of population expansion.
244 Population genetic structure and historical demographic dynamics

245 AMOVA analysis incorporating the eight populations from Nigeria showed that more than 99%
246 of the total genetic variation present in Nigerian cattle occurred within individuals (Table S6).
247  Furthermore, when analyzing the genetic variation between Nigerian cattle and other cattle

248 populations AMOVA showed that, 62 to 93% of the total variation between Nigerian cattle and
249  other African cattle populations occurs within individuals, with the highest variation observed
250 Dbetween Nigerian and Mozambican cattle (93.46%). Generally, all attempts to explore the

251 differentiation between Nigeria and other populations were attributable to within-population

252  variance (P < 0.05) with exeeptional), of variation among populations within groups for Nigerian
253 and European cattle (F = 0.07375, P =0.00004). The Fgr distance values between most Nigerian
254  cattle sub-populations were low (Table S7). However, it was considerably high between Nigerian
255 cattle and other African cattle populations showing significant genetic variation between them at
256 P <0.05 with exeeptional-fox cattle populations between Ethiopia and Mozambique (FS7 = -
257 0.00548, P=0.57129). Our AMOVA results complemented by genetic distance estimates

258 suggest general absence of maternal genetic structuring in Nigerian cattle sub-populations, likely

259 due to extensive genetic intermixing within the country.
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To elucidate the demographic dynamics of Nigerian cattle, mismatch distribution patterns, for
each geographical region in Nigeria were assessed (Fig. S2). The mismatch distribution patterns
were unimodal, however the pattern deviated significantly from expected under a null hypothesis
model of either spatial or demographic expansion due to significant values obtained for Sum of
Squared deviation (SSD) and Harpending's Raggedness index (HRI) (Table S8). The significant
values for SSD and HRI indicate a bad goodness of fit test, which does not support the scenario
of population expansion. The values for Tajima's D -2.315 (P < 0.05) and Fu's Fi statistics -
26.203 (P < 0.05) on the other hand were both negative and significant indicating an agreement
of recent population growth and expansion respectively. Cattle population from Western region
part of Nigeria showed Tajima’s D value of 0 possibly due to only 3 samples having being used,
but could indicate that this population in this region evolved as per mutation drift equilibrium

with no evidence of selection.

Genetic polymorphism of cattle Y- chromosome and haplogroup distribution

In supplementary Figure 3, we provide detailed information on haplogroup distribution based on
Y-chromosomal markers in Africa. Our results show that all Nigerian cattle cluster in haplogroup
Y3 solely a B. indicus haplogroup due to similar mutations (Table 2, Fig. S3). Notably, in
addition to previously reported mutations that further classify zebu cattle into haplotype Y3
families as pointed out by Chen et al. (2018) and Perez-Pardal et al. (2018), we also show new
mutations in Nigerian cattle possibly not previously reported. These include those SNPs
observed between g.784 and g.805bp (Table 2). Multiple sequence alignment with haplotypes
defining the three major haplogroups of cattle (Y1, Y2 and Y3) (Nijman et al., 2008; Ginja, Telo
da Gama & Penedo, 2009 and Table S2) revealed the existence of seven mutations including

mutations A>G, T>C and T>G that distinguish Y3a (or Y¢) and Y3b (or Y34, Y3g) haplotype
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families (Table 2) grouping Nigerian cattle into several zebu Y3 sub-haplotype families (Table
3). Majority of the Nigerian cattle shared haplotype Hap 7Y3 together with cattle from Asia.
Our findings indicate non-evidence influence of European Y1 or Y2 haplogroups in Nigerian
cattle. The phylogenetic tree showed distinct Nigerian individuals with some of them clustering
together with distantly related speetes illustrating possible ancient auroch contribution into the

gene pool of Nigerian cattle (Fig. S4).

The overall genetic diversity for Nigerian cattle measured by the haplotype diversity and the
mean number of pairwise difference is 1.000 £ 0.016 and 1.679 + 1.027 respectively (Table 3).
The genetic diversity detected in some African cattle populations/breeds as per Perez-Pardal et
al. (2018) and Ginja, Telo da Gama & Penedo, (2019) based on Y-chromosomal markers are
shown in Table S9. Both of these studies employed low sampling coverage for the assessment of

Nigerian cattle genetic diversity compared to the sampling coverage used in this study.

DISCUSSION

In this study we examined the genetic variation across eight Nigerian cattle populations, which
represent samples from one country in West Africa. The results based on mtDNA D-loop
revealed 80 haplotypes from 119 Nigerian cattle sequences, which showed a haplotype diversity
0f 0.985 + 0.005. This value is lower compared to those observed in Egyptian cattle (H= 1.0 +
0.008) in the study conducted by Olivieri et al. (2015). These findings signify a high level of
maternal genetic variation in Nigerian cattle. AMOVA on the other hand suggests a general
absence of maternal genetic structuring in Nigerian cattle that may have been as a result of recent

past extensive genetic intermixing within the country. Studies show that genetic intermixing is
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caused by rigereus transportation of domestic animals like goats, cattle, and sheep from place to
place as a result of their valuable resource for economic trade or cultural exchange (7arekegn et
al., 2018). We observed similar genetic diversity pattern based on Y-chromosome analysis where
the haplotype diversity detected was higher compared to the haplotype diversity 0.800 + 0.213
reported by Perez-Pardal et al. (2018) for Nigerian cattle possibly due to a single breed
population having been used, albeit it was similar to haplotype diversity of cattle from India and
Central Asia (Perez-Pardal et al., 2018). Generally, in comparison with other cattle populations
in Africa, our study indicated the highest genetic diversity of 1.000 & 0.016 (Table 3) with the

lowest in Zebu Peul breed population from Burkina Faso (Table S9).

The present-day zebu-like cattle in West Africa were products of crossbreeding events between
the West African taurine cattle such as N’Dama and imported zebu cattle from Asia (MacHugh
et al. 1997). We portrayed the genetic relationships among Nigerian cattle by using MJ network
(Fig. 1b) and NJ tree (Fig. S1). We observed all Nigerian cattle to have an exclusive taurine
specific genetic haplogroup T, notwithstanding some of the Nigerian cattle displayed some
features of B. indicus morphological resemblance such as the presence of the humps. This
scenario is in accordance with similar observations by Loftus et al. (1994a). The phylogenetic
tree indicated two major lineages of cattle: B. taurus haplogroup T lineage (containing T1, T2,
T3, TS5 haplogroups) and the novel Q1 haplogroup,and B. indicus haplogroup I lineage with
exclusive 11 and 12 haplogroups expeetedhy (Achilli et al., 2008). All Nigerian cattle have been
placed together with the rest of taurine cattle individuals separated from the zebu cattle with high
frequency of T1 (98.3%) dominating in African cattle (7roy et al., 2001) and very low frequency
of T3 (1.7%) likely due to recent interbreeding events from commercial exotic breeds. Numerous

mtDNA phylogeny studies cluster the African cattle within the European clade such as that
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observed in this study (Loftus et al., 1994a; Loftus et al., 1994b). This reflects that the
predominant African cattle were solely of taurine origin. The MJ network depicted similar
pattern where haplogroup I1 for zebu lineage (considered herein as the out-group) was separated
from the taurine lineage haplogroups. The network also revealed two major clustering: the first
cluster showed grouping of Nigerian cattle with African and European cattle; while the second
cluster did not contain Nigerian individuals. The complete absence of Asian zebu mtDNA in
Nigerian cattle samples suggests that crossbreeding events were mainly through the imported
Asian male zebus (Loftus et al., 1994a; Loftus et al., 1994b; Bradley et al., 1996). Nonetheless,
this scenario could have been attributed by the continued adoption of trypanotolerant breeds that
probably led to total loss of the B. indicus mtDNA lineages or its vulnerability towards
population bottleneck. This has also been observed elsewhere by several studies particularly
cattle from North-East Asia (Mannen et al., 2004). Bradley et al. (1994) and Perez-Pardal et al.
(2018) further stressed availability of male zebu Y-haplotypes in West African cattle

extrapolating the importation of probably only male zebus into this region.

The mtDNA and Y-chromosome analyses conducted in this study have confirmed that Nigerian
cattle are an influence of both taurine and indicine lineages from female and male genetic
contributions respectively. Previously, mtDNA studies (Loftus et al., 1994a) have founded that
African cattle are of taurine background. However, studies conducted by using Y-chromosomal
markers (Bradley et al., 1994) founded that African cattle had been genetically introgressed with
zebu cattle from Asia. Based on Y-chromosomal studies, it is observed that majority of African
cattle belong to haplogroup Y3 (a B. indicus haplogroup) especially for cattle in East and Central
Africa (Fig. S3). However, the frequency of zebu haplogroup Y3 is seen to decrease gradually as

you move towards West and South of Africa likely due to the presence of B. taurus haplogroups
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Y1 and Y2 in these regions. A study by Decker et al. (2014) had previously demonstrated similar
observations using autosomal single nucleotide polymorphisms (SNPs) markers. Some studies
have further indicated that B. indicus haplogroup Y3 contain several haplotype families such as
Y3b (or Y34, Y3g) and Y3a (or Y¢) (Chen et al., 2018; Perez-Pardal et al., 2018), with Y3 and
Y3g being the dominant haplogroups in East and West African cattle respectively. Similarly, we
have observed the same, however, we point out to a possibility of having several other distinct
zebu individuals in Nigerian cattle that may have not been previously investigated (Table 3, Fig.
S4). Moreover, the phylogenetic analysis of evolutionary relationship infers the possibility of
local ancient wild aurochs introgression that may have had occurred in Africa post introduction
of zebus adding to an effect of the current several Y3 strains present in Nigeria or rather the
legacy of local adaptation. These findings shade some possible novel insights regarding Nigerian
cattle perspectives of their origins. The classification of Nigerian cattle into both as taurine and
as indicine confirms the ongoing hybridization process of cattle species (B. taurus and B.
indicus) that occurred since ancient time spontaneously or rather through recent breeding events.
In the light of this argument with respect to Nigerian cattle in West Africa comes as most
farmers in this region preferred zebu of male lineage due to their massive huge size but also
being resistant to rinderpest that taurines are not, even though them being less vigorous towards
trypanosomiasis, a disease prevalent in tsetse regions of both West and Central Africa that
taurines are resistant to (Grigson, 1991, Ibeagha-Awemu et al., 2004). Because of their ability to
withstand rinderpest disease and the huge size of the bulls for meat, Asian zebus
(trypanosusceptible) were preferentially selected for domestication that subsequently led to the
modern West African cattle as hybrid product of both the predominant local African taurines

(trypanotolerant) (or the earliest introduced taurines from Eurasia) and Asian zebus.
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Inference of demographic profiles and population dynamics were extrapolated by mismatch
distribution patterns. We observed a unimodal mismatch distribution pattern in North East, North
West and the entire Nigerian cattle population. This pattern suggests the evidence of population
growth and expansion of Nigerian cattle. Although the goodness of fit model displayed contrary
results to the support of evidence for population expansion, the negative values in Tajima’s D
and FU’s F'S show excess of low and high frequency polymorphisms indicative of population
size increase from a recent population bottleneck or genetic hitchhiking. Moreover, the MJ
network showed a star-like pattern that further signifies the scenario of population expansion of
Nigerian cattle that could have had emerged from a single founder sample or several founder
samples that had very little variation between them. Similar findings were observed by previous
studies, where they detected unimodal mismatch distribution patterns as evidence for

demographic expansion (Bradley et al., 1996; Mannen et al., 2004).

CONCLUSIONS
This study reported the current genetic status and some possible new insights about the origin of

cattle in West Africa using Nigerian samples from matrilineal and patrilineal perspectives. High
level of maternal and paternal genetic diversity was observed in Nigerian cattle, with lack of
phylogeographic structure possibly due to humanly mediated interventions that usually enhance
severe intermixing as a result of random mating. Despite the ensue of the two contrary findings,
we tend to believe that Nigerian cattle would be more of indicine background due to their
morphological appearance matching that of zebus observed during sampling and also as

confirmed by the Y-chromosome analysis conducted in this study. Therefore, deep population
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genetic autosomal studies are required using high-throughput technologies to provide

comprehensive demographic history of cattle in West Africa.
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Figure legend

Figure 1 Sampling locations of cattle in Nigeria and the network of 420 cattle samples
based on 636 bp of the mtDNA D-loop region. (a) Map of cattle sampling locations from
Nigeria (Zamfara, Kano, Katsina, Kaduna, and Sokoto from North West; Taraba and Plateau
from North East; and Oyo from the West) and the haplogroup distribution based on mtDNA
across Africa. (b) Median-joining network of 420 cattle samples constructed by using
NETWORK v 4.6 (Bandelt, Forster & Rohl, 1999). Reference sequences used for haplotype
network analysis included: Europe, n=76 (Loftus et al., 1994a; Lai et al., 2006, Achilli et al.,
2008, Hiendleder, Lewalski & Janke, 2008; Bonfiglio et al., 2012 and accession nos. AF034438-
AF034446); West Asia, n=16 (Achilli et al., 2008); Egypt, n=31 (Bonfiglio et al., 2012, Olivieri
et al., 2015); Ethiopia, n=126 (Dadi et al., 2009, Bonfiglio et al., 2012); Mozambique, n=16
(Accession nos. JQ684029-JQ684045), South Africa, n=34 (Horsburgh et al., 2013) and two
additional Nigerian samples mined from GenBank (Accession no. L27731 and L27730). Sizes of

the circles are proportional to haplotype frequencies. m, refers to number of mutation steps and
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578 those not indicated are just one step mutation. Colours indicate the geographical distribution of

579 the sampling locations across Africa, Europe and West Asia as shown by the legend in (b).
580 Table legend
581 Table 1 Genetic diversity of cattle in Africa based on mtDNA D-Loop

582 Table 2 Mutations that describe the distinction of the three major haplogroups of cattle based on
583 ZFY intron 10 gene. The two genomic sites that separate each distinct haplogroup are in bold.

584 The seven mutations observed in Nigerian cattle (NY3) are italicized.

585 Table 3 The frequency of haplotypes for Nigeria, Europe and Asia and their distribution based

586 on Y-chromosome at the ZFY intron 10 gene.
587

588

589
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Figure 1

Sampling locations of cattle in Nigeria and the network of 420 cattle samples based on
636 bp of the mtDNA D-loop region

(a) Map of cattle sampling locations from Nigeria (Zamfara, Kano, Katsina, Kaduna, and
Sokoto from North West; Taraba and Plateau from North East; and Oyo from the West) and
the haplogroup distribution based on mtDNA across Africa . (b) Median-joining network of 420
cattle samples constructed by using NETWORK v 4.6 ( Bandelt, Forster & Rohl, 1999 ) .
Reference sequences used for haplotype network analysis included: Europe, n=76 (Loftus et
al., 1994a; Lai et al., 2006; Achilli et al., 2008; Hiendleder, Lewalski & Janke, 2008; Bonfiglio
et al., 2012 and accession nos. AF034438-AF034446); West Asia, n=16 (Achilli et al., 2008);
Egypt, n=31 (Bonfiglio et al., 2012; Olivieri et al., 2015); Ethiopia, n=126 (Dadi et al., 2009;
Bonfiglio et al., 2012); Mozambique, n=16 (Accession nos. JQ684029-)Q684045), South
Africa, n=34 (Horsburgh et al., 2013) and two additional Nigerian samples mined from
Genbank (Accession no. L27731 and L27730). Sizes of the circles are proportional to
haplotype frequencies. m, refers to number of mutation steps and those not indicated are
just one step mutation. Colours indicate the geographical distribution of the sampling

locations across Africa, Europe and West Asia as shown by the legend in (b).
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Table 1l(on next page)

Genetic diversity of cattle in Africa based on mtDNA D-Loop
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2

Table 1. Genetic diversity of cattle in Africa based on mtDNA D-Loop

Population S PS H HD (SD) 7t (SD) Df

1. Nigeria 119 67 80 0.985(0.005)  0.051(0.029) 3.403
(a) North West! 62 44 44 0.984(0.007)  0.076(0.044) 3.338
(b) North East? 56 52 43 0.983(0.009)  0.067(0.038) 3.462
(c) West? 3* 4 3 1.000(0.272)  0.667(0.598) 2.667

2. Egypt 31 46 30 1.000(0.082)  0.010(0.005) 6.391

3. Mozambique 16 18 15 0.992(0.025)  0.180(0.109) 3.233

4. Ethiopia 126 70 83 0.969(0.009)  0.005(0.003) 3.365

5. South Africa 34 17 24 0.961(0.019)  0.006(0.003) 3.606

10
11

Note: S = sample size, PS = the number of polymorphic sites, H = the number of haplotypes, HD
= haplotype diversity, © = nucleotide diversity, Df = the mean number of nucleotide differences,
and SD = standard deviations. 'Cattle samples from Zamfara, Kano, Katsina, Kaduna and Sokoto
States; 2Samples from Taraba and Jos, Plateau States; 3Samples from Ibadan, Oyo State. *Two
additional downloaded samples from GenBank (Accession no. L27731 and L27730). The

estimation of haplotype and nucleotide diversity based on 636 bp mtDNA D-loop sequence was

carried out by ARLEQUIN v. 3.5 (Excoffier & Lischer, 2010) software.
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Mutations that describe the distinction of the three major haplogroups of cattle based

on ZFY intron 10 gene. The two genomic sites that separate each distinct haplogroup
are in bold. The seven mutations observed in Nigerian cattle (NY3) are italicized.
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1 Table 2. Mutations that describe the distinction of the three major haplogroups of cattle based on
2 ZFY intron 10 gene. The two genomic sites that separate each distinct haplogroup are in bold.

3 The seven mutations observed in Nigerian cattle (NY3) are italicized.

4
ZFY intron 10
Haplogroup Reference Alternative Publication
Yl C C
GT —
Y2 C C Gotherstrom et al. 2005
GT GT
Ginja et al. 2009
Y3 C T
GT GT
Y3 C T
GT GT
A G
A T
g.784-g.805 A C This study
T A
T G
T C
C T
5
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The frequency of haplotypes for Nigeria, Europe and Asia and their distribution based on
Y-chromosome at the ZFY intron 10 gene.
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1 Table 3. The frequency of haplotypes for Nigeria, Europe and Asia and their distribution based

2 on Y-chromosome at the ZFY intron 10 gene.

Haplotype Frequency Nigeria Europe Asia
Hap 1Y3 2 2
Hap 2Y3 2 2
Hap 3Y3 1 1
Hap 4Y3 1 1
Hap 5Y3 1 1
Hap 6Y3 1 1
Hap 7Y3 15 12 3
Hap 8Y2 1 1
Hap 9Y2 3 3
Hap 10Y1 1 1
Total 28 20 5 3
*+H 20
Genetic diversity  **PS 10
**HD (SD) 1.000 (0.016)
**Df (SD) 1.679 (1.027)

4  Note: ** = Genetic diversity of Nigerian cattle; H = number of haplotypes, HD = Haplotype
5 diversity; PS = number of polymorphic sites, Df = Mean number of pairwise difference and SD =

6 standard deviations.
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