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SUMMARY

Hybridization between wild and domestic bovine occurs widely due to the overlapping of the natural

habitat of the wild and human farm animals. Due to the loss of habitat, the number of wild gaur (Bos gaurus) in
Vietnam was in serious decline. Since 2009, a male wild gaur (Bos gaurus) has appeared and incorporated with
female domestic cows (Bos taurus) in buffer zone Phuoc Binh National Park, on the border with Lam Dong
and Ninh Thuan provinces. Then, several calves were born that carried some traits of wild gaur including
physical characteristics and behaviors. These calves were supposed to be offspring between wild gaur and
domestic cows. In previous study, the karyotypes of putative calves were identified with 2n = 58 and non-
homologous chromosome 28 and 29 in these hybrids. In this study, we characterized the putative hybrids
between track-lacking Bos gaurus and Bos taurus for breeding and preservation using Cytochrome b analysis,
microsatellites and a novel marker growth hormone factor 1 (POUIF1). Cytochrome b analysis indicated the
maternal lineage of the putative hybrids, with 100% nucleotide sequence identity. Microsatellite BM861 and
sequence of ZFY gene region reveal Bos taurus chromosome Y origin was among the male putative hybrids.
Importantly, the analysis of POUIF1 gene sequence on 1 chromosome showed efficacy in determining both
Bos gaurus and Bos taurus lineage in the putative hybrids. The karyotyping results were confirmed by
molecular analysis and our results provide a feasible way for detecting the putative hybrids between wild and

domestic cattle in case of lacking the wild trace.
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INTRODUCTION

Interspecific hybridization happens to two
closely related species that share an overlapping
habitat or via human interference during captive
inbreeding. However, they also run a high risk of
being sterilized and fertility is often restricted to the
homogametic (Forsdyke, 2000). This can be
overcome by continuously backcrossing the hybrids
with either father or mother. Hence, the hybrids of
closely related species can be valuable in farming as
a way to improve quality of local domestic cattle.
For instance, yakows, a cross of yak (Bos grunniens)
and taurine cattle (Felius, 1995); selembu, a cross of
wild gaur (Bos gaurus) and zebu or the American

beefalo, a cross of bison (Bison bison) and taurine
cattle.

In Vietnam, the population of wild gaur (Bos
gaurus) is poorly investigated and they are believed
to decline in number due to loss of habitat. Since
2009, there has been observed that a lone male gaur
migrated to the buffer zone of Phuoc Binh National
Park and joined the local cattle herd for months and
left without trace. After that, there appeared a
number of newborn calves that carried unusual traits
compared to other ordinary domestic cattle in
consideration of physical characteristics and
behaviors. These calves were putative to be hybrids
between the lone male gaur (Bos taurus) and the
local domestic cows (Bos taurus). Previous studies
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showed that in comparison with cattle (Bos taurus),
gaur (Bos gaurus) did not carry chromosome 28 and
29. Additionally, the chromosomes 1 and 2 in gaur
were  submetacentric while those in cattle are
metacentric (Basrur & Moon, 1967). It was
observed that in chromosomes 1 and 2 of the
hybrids, one chromosome of each pair lack a short
arm. Similar interspecific hybridizations were also
found in Malaysia. In those cases, the hybrids carried
karyotype 2n=57, 58, 59 or 60 (Mamat-Hamidi et al.,
2009, 2012). This could be explained by
Robersonian translocation that occurred during
evolution of bovine species (Chaves et al, 2003,
Kakampuy et al., 2007).

To verify the paternal and maternal linage of the
putative hybrids, several methods were used, from
karyotype analysis to genotype analysis. Previous
studies showed that non-homologous chromosome
28 and 29 were also observed in these hybrids’
karyotypes (Tran Que & Pham Van Duy, 2014). To
confirm the karyotyping results by molecular
analysis, we used segment of mitochondrial
Cytochrome b to identify maternal species origin of
the putative hybrids. Y chromosomal molecular
marker including microsatellite BM86/ and ZFY
were previously proved to be specific for gaur
identification (Trung Thanh Nguyen et al., 2007
Verkaar et al., 2003).

A new maker used in this study is growth
hormone factor POUIFI or PITI coding gene.
POUIF1 is a 291 amino acid protein with POU
domain as DNA binding. POUIF] has been proven
to be critical transcription factor in expression of
prolactin (PRL) and growth hormone (GH) genes in
anterior pituitary gland (Bona et al., 2004). This
gene is localized in centromeric region of
chromosome 1q21-22 (Woolard et al., 1999) and has
potential for being a marker for genetic variation and
yield traits (Renaville et al., 1997a).

In this study, we demonstrated the use of
genotyping analysis and molecular markers
including POUIF1 to detect the putative hybrids
between track-lacking wild gaur (Bos gaurus) and
domestic cow (Bos taurus).

MATERIALS AND METHODS

Sampling

Peripheral blood and tissue samples were
collected from a domestic male cow (BNI1) as
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control and a female cow (BN2) which is maternal
relationship with the suspected hybrid named BL1
and the four putative hybrids including a male (BL1)
and three females (BL2; BL3 and BL4) in Phuoc
Binh National Park, Ninh Thuan province, Vietnam.
The peripheral blood were mixed with Heparin for
anti-coagulation. The blood samples were stored at 4
°C and the tissue samples were store at -20 °C before
use.

DNA isolation from tissue

Genomic DNA was isolated and purified from
dry tissue and blood samples using QlAamp DNA
mini kit (Qiagen, Germany) according to the
manufacturer’s instruction.

Cytochrome b (Cyt b) analysis

Primers used to amplify a 274 bp long fragment
of Cyt b were: L15612f:
CGATCAATYCCYAAYAAACTAGG and
HI15915r: TCTCCATTTCTGGTTTACAAGAC
(Hassanin et al, 2006) to amplify a 274 bp long
fragment. Procedure for PCR amplification of Cyt b
from genomic DNA was as follow: 25 ul of reaction
mixture containing 0.5 ul genomic DNA (50 ng/pl),
1X PCR buffer (10 mM Tris-HCI, pH 8.3, 50 mM
KCL, 1.5 mM MgCl,), 1 mM of dNTP mix, 10 pmol
of each primer and 1 unit of 7aq polymerase
(Thermo Scientific, Germany) was set in thermal
condition of 4 minutes denaturation at 94 °C,
followed by 30 cycles of 45 seconds at 94 °C; 45
seconds at 56 °C; 50 seconds at 72 °C and eight
minutes of final extension at 72 °C, before cooling at
15 °C. Results was obtained by 2 % agarose
electrophoresis and sequencing (using DNA
sequencer ABI Prism 3100 Avant). Sequences then
were aligned by ClustalW tool of Bioedit 7.0.5.3
(Hall et al., 1999).

Amplification of BM861, ZFY, and POUIF1 genes

ZFY primers used were YF1:
TCACTTTATTACTATGGTAACTG and YRI:
CGAAAACCTTTACCACACTCTACA.  Primers
used to amplify BM861 were BMSOIF:
TTGAGCCACCTGGAAAGC and BMBS86IR:
CAAGCGGTTGGTTCAGATG (Nguyen et al,
2007). POUIF1 gene: two sets of primer specific for
species were used to amplify the intron 5 sequence
of the gene. The primers for Bos gaurus sequence
amplification were PGIF:
AGAATGACTGTTTCTACTGTCGGT and PGIR:
CTAAATATTAGTACTAACATTAAT. The
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primers for Bos taurus sequence amplification were
PTIF: GTGTCATAATGTGTTGATTTATGT and
PTIR: GTGTCATAATGTGTTGATTTATGT. PCR
reaction was performed in PTC-100 thermal Cycler
(MJ Research, USA) with the volume of 25 pul
reaction mixture containing 0.5 pl genomic DNA (50
ng/ul), 1X PCR buffer (10 mM Tris-HCI, pH 8.3, 50
mM KCI, 1.5 mM MgCl,), 0.2 mM of dNTPs mix,
10 pmol of each primer and 1 unit of 7agq
polymerase (Thermo Scientific, Germany); the
thermal condition was as followed: 4 minutes
denaturation at 94 °C, followed by 30 cycles of 60
seconds at 94 °C; 45 seconds at 48 °C — 60 °C
(depend on primers); 45 seconds at 72 °C and seven
minutes of final extension at 72 °C, before cooling at
15 °C. The PCR product was analyzed by SDS-
PAGE electrophoresis (6 % polyacrylamide) for
BMS861 and agarose 0.8 %. Then they were purified
by High Pure PCR purification Kit (Roche,
Germany) and then cloned into a cloning vector for
sequencing. Sequencing was performed by DNA
sequencer ABI Prism 3100 Avant. Data obtained
was put in analysis using Bioedit 7.0.5.3 (Hall et al.,
1999).

RESULTS

Cytochrome b analysis

Cytochrome b analysis was used to confirm
maternal linage between the suspected hybrids and
the domestic cows. In this study, a conserves

sequence on Cyt b was amplified by 303 bp long
fragment of Cyt b was amplified, sequenced and
subsequently aligned with each other and known
sequences. The alignment showed that all sequences
obtained from the putative hybrids are 100%
homologous with corresponding part of Bos taurus
full sequence (KP143771.1) from GenBank (Data
not shown). This indicates that the maternal origin of
the putative hybrids is Bos faurus species.

Y chromosomal marker analysis

Both  Zinc-finger  protein  (ZFY) and
microsatellite BM86/ are localized on Y Bovine
chromosome. Furthermore, highly polymorphism of
BM861 and ZFY in Bovine family can reveal species
identities (Cui et al., 1998; Poloumienko, 2004 and
Nguyen et al., 2007), thus, they were recruited to
identify Bos gaurus origin as paternal linage in the
genome of suspected male hybrids. Allele from both
domestic and putative male calves were successfully
amplified and observed on denatured polyacrylamide
gel (Figure 1). The putative calf carried a 172 bp
long fragment while this in cattle calf is 156 bp. The
alleles were sequenced and aligned and showed in
figure 2. In comparison with cattle microsatellite, the
putative calf contains a short stretch of 16 repeated
GT at location 132 to 147 and two point mutations at
location 58 and 60. Nucleotide sequences for
microsatellites were deposited into GenBank with
accession number KP890802 (Bos gaurus) and
KP890803 (Bos taurus).

M 1 2 3 4 56
200 bp -

~,
150 bp- . e

100 bp -

Figure 1. Alleles obtained from domestic calves (Bos taurus) and the putative calves were demonstrated on denatured
polyacrylamide gel (6%). M: marker 50 bp; 1: putative hybrid (male); 2: domestic cattle (male); 3-5: putative hybrid

(female); 6: domestic cattle (female).
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Species S Sequences
P number 4
10 30 40 50 60
R (PP IR IR R ISP I [P I I [ I |
Putative calf KP890802 TTGAGCCACC TGGAAAGCCC AAATAATACC TACACACAGT ATTAAAATTT AATATAATAA
Domestic calf RPBO0B03 oot ittiit it e e e e A.T
70 90 100 110 120
R [ I IR IR [P R [ (RN [Pl P I
Putative calf KP890802 TAGTTAAAGT TAAAAAAAAA TCTAAGTTTG TTATTCAAAG TGTGTGTGTG TGTGTGTGTG
Domestic calf RPBO0B03 ..t ttiirs vrrtrinrr rreraeaa rreaanaan e Covvvnnnn
130 140 150 160 170
A [ U I I [ I P R (P B
Putative calf KP890802 TGTGTGTGTG TGTGTGTGTG TGTGTGTTTA AAGCATCTGA ACCAACCGCT TG
Domestic calf KPB90B03 .......... .=======e;e ;mmmeee iy e e

Figure 2. Alignment of BM861 sequences obtained from domestic and putative calves. Dots indicate identical bases and

dashes indicate insertions/deletions for optimal alignment.

A 592bp-long fragment of ZFY gene was
amplified and analyzed by electrophoresis and
sequencing. Figure 3 showed differences between
the putative hybrids and the domestic cattle as well
as Bos taurus ZFY sequence from GenBank
(NT _182067). This gene fragment in wild gaur can
be distinct by four point mutations at position 102,
103, 263 and 375. BLAST search results showed
that ZFY fragment obtained from the putative hybrid
is 99% homologous with Bos gaurus sequence while
those obtained from the domestic calves were 99%
homologous with Bos taurus.

POUIFI gene analysis

The primers were designed to amplify 675 bp
long interested fragments POUIFI gene in Bos taurus
and Bos gaurus. In the putative hybrids, both
fragments of Bos taurus and Bos gaurus were
amplified while in the domestic calves only the
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POUIF1 fragment of Bos taurus was amplified from
genomic DNA. Sequence alignment of these
fragments was illustrated in figure 4. It can be seen
that two POUIFI sequences obtained from the
putative hybrids differ at several points. Moreover, in
comparison with POUIFI sequences on GenBank,
the fragments amplified by PGIF/PGIR primer
(designed for Bos gaurus) in the putative hybrids
show 99% homology with Bos gaurus (AY770685.1).
Meanwhile, those were amplified by PTF1/PTRI1
primer (designed for Bos taurus) in both putative
hybrids and domestic caves show 99% homologous
with Bos taurus POUIF1 corresponding fragment
sequences on GenBank (AY770688.1). Therefore, it is
clear that the putative hybrids inherited chromosome 1
from Bos gaurus as paternal linage. The sequences
obtained in the study were submitted to GenBank with
accession number KP903461 for Bos gaurus and
KP903460 for Bos taurus.
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. Accession
Species Sequences
number
10 20 30 40 S0 &0
ceeeleceel coealocaal leeeal ccoealoceal cocaloceal eoealoaaal
Putative calf KRP903458 TCACTTTATT ACTATGGTAA G TTGAAAAGTG TAATATATAA GAAAGAGTAC
Domestic calf KRP903459 = ... .iiiinn tanannnans eoJedeceece ccsccsccss secssseses sesesscsnse

Bos tawrus

Putative calf
Domestic calf
Bos tawrus

Putative calf
Domestic calf
Bos tawrus

Putative calf
Domestic calf
Bos tawrus

NT_182067.1

KP903458
KP903459
NT_182067.1

RP903458
KP903459
NT_182067.1

KP903458
KP903459
NT_182067.1

70 80 20
ceeeclecaal

TTGTAAATGT GTTCAGAACT CACTTTATAT GCTTGAAGAG

100

ceeefecaal]

12¢

130
ceeelaaaald

GATCACTTAT GCTCCTTTCT TTTCCTTTCT TAGCAATAAT TATTGGTCCT GATGGACATC

140

B

150

160

B I |

170

180

ceeeleaal

190

R R

200

BRI I

210

220

R R

230

ceea el

240
[P [P |
CCTTGACTGT CTATCCTTGT ATGATTTGTG GGAAAAAATT TAAGTCGAGA GGTTTTTTGA

250

260

R T

270

280

290

300

e leaa]

Putative calf KP903458 AAAGGCACAT GAAAAACCAT C CC TTACCAAAAA GAAGTACCGC TGTACTGATT
Domestic calf RP903459 ceesecceces ssscscscscse osoflleccccee cocccsccee scscscasses essscsccascse
Bos taurus NT_182067.1 @ .....cciee corennnnns eoflleccscee scsccsccne soscscssscs ascssascnce
(Continued)
. Accession
Species Sequences
number
310 320 330 340 350 360
ceceleocecl ceceloacal cceclocael cocalonacl coceloceal cacalaaaal
Putative calf KP903458 GTGATTACAC TACCAATAAG AAGATAAGTT TACACAATCA CCTGGAGAGC CACAAGCTTA
Domestic calf KPOO3459 = .cccccccce ccscscsase csacscsccce cccccacocs sasacsascns sscsescssse
Bos taurus NT_182067.1 ee cesccescse esssecsscs ssscssscscs feee e eae e
370 380 390 400 410 420
ceceloceel cecadeceel ccceloceel soeeloceal cocalecael cocalacaal
Putative calf KP903458 CCAGCAAGTC AGA! GGCC ATCGAATGTG ATGACTGTGG GAAGCATTTC TCCCATGCTG
Domestic calf KP903459 = .. ....c.... B

Bos taurus

Putative calf
Domestic calf
Bos tawrus

Putative calf
Domestic calf
Bos taurus

Putative calf
Domestic calf
Bos tawrus

NT_182067.1

RP903458
RP903459
NT_182067.1

RP903458
KRP903459
NT_182067.1

RP903458
RP903459
NT_182067.1

430

440

450

460

BRI

470

480
BRI

GGGCTTTGTT CACTCACAAA ATGGTGCATA AGGAAAAAGG AGCCAGCAAA ATGCATAAAT

490

500

510

520

BRI

530

540
BRI I
GTAAATTCTG TGAGTATGAG ACAGCTGAAC AAGGGTTATT AAATCGCCAC CTTTTGGCAG

550 570
ceeealeaaal I I

TCCACAGCAA GAACTTTCCC CATATATGTG TAGAGTGTGG TAAAGGTTTT CG

560

N

580

590

Figure 3. Alignment of ZFY partial sequence of putative hybrid, domestic calf (Bos taurus) and GenBank sequence of Bos
taurus . Dots indicate identical bases and dashes indicate insertion/deletions to optimize the alignment.
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Species

Accession
number

Sequences

Putative calf KP903460
Domestic calf KP903461
Bos gaurus AY770685.1
Bos taurus AY770688.1
| I [ I | I
Putative calf KP903460 ooc.u.m‘mcmcmocnccm’rﬂccrrcrcCAGGAGA'rmccccacccmommmccrooc‘rcrcccmncmm\mmcmmc
Domestic calf KP903461  .......... Attt et ettt [ W Tevernnnns Guvevnennnnnns
Bos gaurus AY770685.1
Bos taurus AY770688.1
Putative calf KP903460
Domestic calf KP903461
Bos gaurus AY770685.1
Bos taurus AY770688.1
Putative calf KP903460
Domestic calf KP903461
Bos gaurus AY770685.1
Bos taurus AY770688.1
. Accession ,
Species Sequences
number
410 420 430 440 450 460 470 480 490 500
N I I e e I e e e e e ol |
Putative calf KP903460 ACTAAACATTTCGATAACCTGAGTTCTGGGGGACAT TTAGAAATGCATACAGAATTATTTTCTTCTCAGTAAGTCAGTGCCCTCTTGTGGCAGAAAGTGG
Domestic calf KP903461  ............ Y A
Bos gaurus AYTT0683.1 ..uccvennnoannacnacsssannansasssansncanannacoassssisoanosissasensioansassesiossssasnasascssassaasses
Bos taurus AY770688.1  ..........n. Y A
510 520 530 540 550 560 570 580 590 600
veeelecaaloneelocealonnaloceeloaealoceelecaeloneelecaalosnelocealocnalereelosealoseelenaalonealenesl
Putative calf KP903460 ATAAACAATGTCGGG-TTCCCTCCTTAATTTCTTCCTGTGACTCTGGTAAAAGGAGCCTACATGAGACAAGCATCTAAATGTTCAAAAAAACT TCACATT
Domestic calf KP903461  ...........c.00n A
Bos gaurus AY770685.1 ... Grioereasonansesescssasssanscsssssssessssncssscsssntocsnsssssessstsssssesssssssnnssssen
Bos taurus AY770688.1  .......... PN ¢ cessecsanns cesesssans sessessscsssssses sesssssens csssctsscsns
610 620 630 640 650 660 670 680
R I I N R T T e e e T e e e e e |
Putative calf KP903460 TATTATTGTTGAAGAGCTTTGCAGGTGTTTTCAGCGTCTTTAGGTTTCCTTTTTACATTAATGTTAGTACTAATATTTAG
Domestic calf KP903461 e ¢ T
Bos gaurus AY770685.1
Bos taurus AY770688.1

Figure 4. POU1F1 intron 5 sequence alignment of Bos gaurus primer amplification (PG),

Bos taurus primer amplification

(PT), GenBank’s Bos gaurus sequence (AY770685.1) and Bos taurus sequence (AY770688.1). Dots indicate identical
bases and dashes indicate insertions/deletions to optimize the alignment.

DISCUSSION AND CONCLUSIONS

The karyotype of putative hybrids between
track-lacking wild gaur (Bos gaurus) and domestic
cow (Bos taurus) was identified in a previous study.
The results showed that chromosomes 1 and 2 in
putative hybrids are both submetacentric and
metacentric. This suggested that the putative hybrids
had bands from both gaur and domestic cow (Tran
Que, Pham Van Duy, 2014).
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For molecular analysis, we used segment of
mitochondrial Cytochrome b to identify maternal
species origin of the putative hybrids. Y
chromosomal  molecular  markers  including
microsatellite BM861 and ZFY were previously
proved to be specific for gaur identification (Nguyen
et al., 2007; Verkaar et al., 2003; Lawson & Hewitt,
2002). Previous studies have proven that the
POUIF]I gene is located on chromosome 1 which
acts as a marker for genetic variation and growth
traits (Renaville ef al., 1997a; Woolard et al., 1999;
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Sadeghi et al., 2014). Because the number of Bos
gaurus sequences deposited in GenBank was
limited, we have used sequence variation in the
POUIF]I gene between Bos gaurus (AY770685) and
Bos taurus (AY770688) for the design of the
convenience tests. By comparison of our data with
published sequences, the authentic hybridization
between Bos gaurus and Bos taurus has been
verified.

The results showed the evidence that the tools
we have described are suitable for detection and
initially characterization of interspecific
hybridization within Bovine family. Microsatellites
and genes especially POUIFI are proved to be
appropriate markers. It can be concluded that the
putative hybrids born in Phuoc Binh National Park,
Vietnam are offspring of the male wild gaur and the
domestic cows.

Our data, although based on a low number of
samples, consistently indicate a  suspected
interspecific hybridization between track-lacking
wild gaur and domestic cows. The methods and
results we obtained have suggested being suitable for
detection of interspecific hybridization in case of
lacking father trace, which are essential for local
breeds and preservation.
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NGHIEN CUU GIAM PINH CON LAI GIUA BO TOT VA BO NHA TAI VUON QUOC GIA

PHUOC BINH, VIET NAM

Lé Hoang Pirc'?, Pham Thanh Tung'?,
g 2 g

Vin Son'?

Nguyén Trung Nam'?, Chu Hoang Ha'?,

Lé Xuan Tham®, Lé

lVi_én Cong nghé sinh hoc, Vién Han lam Khoa hoc va Cong nghé Viét Nam
2H()c vién Khoa hoc va Cong nghé, Vién Han lam Khoa hoc va Cong nghé Viét Nam

8¢ Khoa hoc va Cong nghé tinh Lam Pong

TOM TAT

Hién tuong lai khac loai giira loai hoang di va gia stc thuan hoa din ra trong ty nhién do su chdng lin
sinh canh giita dong vét hoang di va khu chan tha gia suc cta con ngudi. Do mét di sinh canh séng, s6 luong
bo tot tai Vit Nam da bi suy giam nghiém trong. Nam 2009, mot con bo tot (Bos gaurus) da xuét hién két hop
Vv6i céc con bo cdi nha (Bos taurus) tai Vuon qudc gia Phudc Binh, _gidp ranh gifra tinh Lam Ddng va Ninh
Thuén. Mt sb con bo nghi lai di duoc sinh ra v6i cac dic diém glong v6i bo tot. Nghién ctru trude d6 cho
thiy, cic con bd nghi lai ¢ bd nhidm sic thé 2n=58 va co cip nhidm sic thé 28 va 29 khéng twong ddng.
Trong bai bo nay, chung i trinh bay cac két qua xac dinh cic con nghi lai giita bd tét va bo nha théng qua
phan tich cac trinh tu cac doan gen Cytochrome b, ZFY, POUIFI va cac chi thi SSR. Phan tich trinh ty
Cytochrome b cho thiy cic con nghi lai c6 ciing quan hé theo dong me v&i d6 twong ddng nucleotide 14 100%.
Chi thi BM861 va trinh ty ving gen ZFY trén nhiém séc thé Y cho phép phan biét cac con duc nghi lai va con
dyc nha. Pic biét, phan tich trinh tu ving gen POUIFI trén nhidm sic thé s 1 cho phép phan biét giita cac
con nghi lai. Cac két qua nghién ctru di khing dinh két qua phan tich nhiém séc thé va cho phép phén biét con
lai giita bo tot va bo nha trong trudng hop khong thu dwoc miu ctia con bo t6t bd.

Tir khéa: Con lai khéc lodi, chi thi phan tir, dong b6, dong me
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