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Abstract | Indigenous ducks contribute significantly to communities in Vietnam as cheap and highly nutritional protein
sources. At present, most native ducks are often raised on a small scale in household using traditional farming methods.
'This study analyzed the polymorphisms of five Vietnamese duck breeds, namely Na Tau (VNT), Dom (VD), Co (VC),
Co Lung (VCL), and Troi (VT) by the mtDNA D-loop region to have more genetic information to aid in the conserva-
tion and maintenance of these breeds. Fifteen mutation sites were detected in the sequence analyses and formed 17 hap-
lotypes. A low genetic diversity of Vietnamese indigenous ducks was found with an average haplotype and nucleotide
variants of 0.051 (Hd) and 0.099% (P1), respectively. Tajima’s D index was significantly negative in the VNT population
(P<0.10). The genetic distances among breeds ranged from 0.189-0.347. The neighbor-joining phylogenetic tree indi-
cated that the Vietnamese indigenous ducks have close relationships with both Anas platyrhynchos and Anas zonorbyncha.
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INTRODUCTION distribution throughout the country has been has been
raised by farmers using different traditional husbandry

ietnam is one of the countries with the potential for methods. Indigenous duck breeds have the common ad-
biodiversity and serves as the cradle of domestication ~Vvantage of adaptation to local environmental conditions,

of many livestock. Vietnamese indigenous duck breeds are including climate, feed, technology of rearing and use of
an important part of livestock genetic diversity and their animals, diseases and parasites, and other specifies, and they
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are adapted to the ever-changing socio-economic demands
and environmental conditions (FAQO, 2007). The meat and
eggs of ducks are widely used by Vietnamese people due
to their unique taste and high nutritional value. However,
most native ducks are not very efficient in terms of produc-

tivity and have a longer rearing period (Hong ez a/.,2012).

In the context of population explosion and unfavorable en-
vironmental changes, food and feed safety are a top concern
of countries around the world as well as in Vietnam. In
addition, due to the rapidly increasing demand for food as
population and incomes have increased, high-yielding ex-
otic breeds have been massively imported. This has led to a
decrease in the number of local breeds, declines in popula-
tion sizes, and the extinction of a few breeds with a result-
ant decline in genetic diversity (Seo ez a/., 2016). Indige-
nous livestock breeds are valuable and have diverse genetic
resources for exploitation, development, and hybridization
to create commercial varieties, creating sustainable agricul-
tural systems (Blott e7 a/., 2003). Therefore, it is very im-
portant to retain these genetic resources for the future. In
recent years, in countries around the world, more and more
attention has been paid to the protection and management
of indigenous breeds (Susanti ez a/., 2017). The govern-
ment of Vietnam has recently approved the Program with
the aim of preserving, using and developing and sustainable
use genetic resources, which emphasizes the promotion of

the application of biotechnology (Hoat ez a/., 2022).

Mitochondrial DNA (mtDNA) is commonly used to eval-
uate phylogenetic relationships or population genetics be-
cause of its lack of recombination and the rate of nucleotide
substitution is 5 to 10 times higher than that of nuclear
DNA markers (Brown ez al., 1979; Mannen et al., 2004).
Mitochondrial DNA has two major functional regions, of
which the coding region makes up 93% of the mitochon-
drial genome and the remaining region, called the D-loop
(displacement loop), is a noncoding region with high vari-
ation, and therefore, the mtDNA D-loop sequencing could
be an effective tool for determining phylogenetic relation-
ships, including genetic distances and genetic variability
among breeds (Pfeiffer ez a/, 2005). This study explored
the sequences of mtDNA D-loop of Vietnamese native
ducks for genetic diversity and their relationships with
other reference sequences found in NCBI GenBank. Our
findings could provide evidence to better understand duck
domestication in Vietnam and a genetically based tool for
effective conservation programs.

MATERIALS AND METHODS

'The animals for this study were VN'T, VD, VC, VCL, and
VT ducks. VNT is mainly distributed in Na Tau Commune,

Dien Bien District, Dien Bien Province in Northwestern

Vietnam (21023’ N 10301’ E). It has a chubby body and

short neck. The male has a blue head and neck feathers with
a pearlescent sheen, a flaming stork chest, blue secondary
wing feathers, stone-gray body feathers, a yellow-green
beak, and yellow feet. The female has split-winged feathers,
yellow feet, and black webbed feet. VD originated in Lang
Son Province (21045’ N 106030’ E), where the ethnic peo-
ple usually call it “Pat Lai”. They have light sparrow-color-
ed feathers and are a medium sized duck. VC has its root
in Van Dinh Commune, Ung Hoa District, Ha Noi City
(20°43' N 105°46'17°E). They have a small body size with
mainly sparrow-colored feathers. The males have a light
green beak and blue neck feathers. VCL, also known as
a Quoc Thanh or Muong Khuong duck, is an indigenous
breed originating in Co Lung commune, Ba Thuoc district,
Thanh Hoa Province (19048’ N 105046’ E). Co Lung duck
has its own signature characteristics that are considered to
be peculiar to this breed: a short neck, small and short legs,
the neck and head are covered with smooth feathers, and
the male duck has curly tail feathers and blue neck feath-
ers with a pearlescent sheen. VT is a quite familiar wild
bird in Vietnam with settled populations in the North and
South, and migratory populations wintering in the North
and Central regions. In this study, VT were raised in Thuan
Thanh District, Bac Ninh Province (2102’ N 10604’ E). In
general, adult VT ducks have gray-black body feathers with
many stripes like sparrows. The fur on the underside of the
neck is light and smooth (no stripes), while the fur on the
belly is lighter. They are small in size and have a long neck,
gray beak, and orange-red duck feet.
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Figure 1: Geographic distribution of the studied duck

breed.
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Blood samples were collected from the wing vein of the
ducks in the province where they live (Figure 1). The blood
sampling process followed the standards of animal welfare
in Vietnam. Currently in Vietnam there is no law on an-
imal welfare, however all blood sampling processes com-
pletely followed the Law of Livestock (2018) and Veteri-
nary (2015). A total of 84 blood samples of the five duck
breeds, namely 13 VNT, 16 VD, 25 VC, 18 VCL, and 13
VT, were collected. For each animal, a 1.0 ml blood sample
was collected and placed in a 3-ml tube containing ethyl-
enediaminetetraacetic acid (EDTA). After collection, the
samples were transported in a thermo box with ice. Anal-
yses were immediately carried out when the samples is de-
livered to the laboratory.

e w10 bp

Figure 2: PCR amplicon of D-loop gene of Vietnamese

duck used agarose gel.

The DNA extractions were performed according to the
procedure of (Albarifio and Romanowski, 1994) with
slight modifications. The purity and concentration of the
DNA were determined by electrophoresis on 1% agarose
and measured by a spectrophotometer (NanodropTM2000
spectrophotometer, Thermo Fisher). The sequence region
of mtDNA D-loop was amplified using specific primers
according to (Sorenson et al., 1999) (Forward was 5- GTT
ATT TGG TTA TGC ATA TCG TG - 3’; and reverse
was 5'- CCA TAT ACG CCA ACC GTC TC - 3’). The
50 pL reaction consisted of 50 ng of genomic DNA,1.5
mM MgCl2, 0.2 mM dNTPs, 0.5 pM primers and 2U of
Taq DNA polymerase. The PCR amplifications were per-
formed in a Astec Thermal Cyclers Gene Atlas (Japan)
with the following amplification conditions: 5 min at 950C
for pre-denaturation, 45 sec at 950C for 35 cycles of dena-
turation, 45 sec at 600C for annealing, and 1 min at 720C
for extension. The ended cycle was 5 min at 720C for ex-
tension. Then, the purified PCR products were sequenced
at 1st BASE Pte LtD company, Singapore.

All duck mtDNA sequences were examined using Chro-
mas 2.6.4 software, and edited using BioEdit Sequence
Alignment Editor version 5.0.9. The sequenced products

also were compared and aligned using ClustalX 2.1 soft-
ware (Thompson ez a/., 1994). Similarities in the mtDNA
sequences of the samples identified in the same halotype
group were analyzed using DnaSP 6.10. In addition, the
mumber of haplotype, nucleotide variable sites, haplotype
diversity (Hd), nuclotide diversity (P1), Tajima’s D (P val-
ues) were calculated. Analysis of pairwise genetic distances
(Ds) were computed by using GenAlEx version 6.51b2. A
phylogenetic tree was built based on MEGA-X software
with Bootstrap analysis at 1000 repetitions and with Max-
imum Composite Likelihood analysis. Reference D-loop
sequences were obtained from GenBank data (NCBI) with
the accession codes of Anas platyrbynchos (F]213596.1) and
Anas zonorbyncha (Mz593724.1)

RESULTS AND DISCUSSION

PCR AMPLICATION AND SEQUENCING MTDNA
D-Loor REGION

'The PCR product visualization showed a uniform band
size of 710 bp for all the samples (Figure 2). These products
indicated that the D-loop gene of Vietnamese ducks could
be amplified by the primers developed by (Sorenson et al.,
1999). The brightness and thickness of the bands were spe-
cific and well amplified DNA fragments of the D-loop se-
quence region in the five populations of Vietnamese indig-
enous ducks. The PCR products were sequenced and then
the mt DNA- D-loop sequences from nucleotide 15 to 685

were later analyzed

GENETIC VARIATION

In the five duck populations, the average nucleotide com-
position was 22.8% A, 24.3% G, 26.6% C, and 26.3% T,
equivalent to 49.1% A + T and 50.9% G + C (Table 1). The
sequences obtained were analyzed using BioEdit software
and then uploaded to NCBI's BLAST program. The re-
sults indicated that all the samples were homogeneous with
wild mallard ducks (Anas platyrbynchos) and with spot-
billed ducks (A4nas zonorhyncha) at 98-100% (Genbank Acc
Number FJ213596.1) and at 97-98% (Genbank Acc Num-
ber MZ593724.1), respectively.

Table 1: Percentage of nucleotide compositions.

Population A T G C

VC 23.4 26.9 25.4 24.3
VNT 22.8 26.8 24.7 25.6
VD 23.4 25.9 27.8 22.8
VCL 21.8 26.4 22.5 29.3
VT 22.6 25.5 211 30.7
Mean 22.8 26.3 24.3 26.6

Fifteen polymorphic sites were found and these mutation
typesweretransversionsand transitions.Nucleotidedeletions
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Table 2: The identified haplotype with the mitochondrial D-loop sequence polymorphism in Vietnamese duck.

Haplotype Position of nucleotide substitution
124 146 157 195 208 217 232 263 279 286 306 349 352 375 405

Reference sequence FJ21359¢1 T C A A A A T A C T T A T C G
Hap 1 A * * o x * * * * * % * *
Hap 4 * o ox * o x * * * * * % * *
Hap 5 * G ¢ o x * * * * * % * *
Hap 6 * o ox * o * * * * * % * *
Hap 7 * o ox T * T = * A * G * =* * *
Hap 9 A * * x ox * * * * * g *
Hap 10 * ox * x * * * * * * x T *
Hap 11 * A * * * ox * * * * * c * T =
Hap 12 * o= * x ox * * * * * % T T
Hap 13 * ox * cC T * * * * * - * T
Hap 14 * T T * * * * A G G * F T =
Hap 15 * = g * ox A * * * G * = T =
Hap 16 * A+ * * x * * A * * % * *
Hap 17 A * * c * * * A G * % * *

Table 3: Haplotype distribution in 5 Vietnamese duck breeds.

No. Haplotype Position of nucleotide substitution Population
1 Hap 1 T124A VC,VCL,VT
2 Hap 2 A263T T352G G405T VC,VNT, VD
3 Hap 3 C146A A208T C279A T286G VC,VD
4 Hap 4 - VC
5 Hap 5 A157G VC
6 Hap 6 - VC
7 Hap 7 A195T A217T C279A T306G vC
8 Hap 8 A208T A217T C279A T286G VCL
9 Hap 9 T124A T352G VCL
10 Hap 10 C375T VCL, VNT
11 Hap 11 C146A A349C C375T VNT
12 Hap 12 C375T G405T VT, VNT
13 Hap 13 A208C A217T G405T vT
14 Hap 14 A157T A195T C279A T286G T306G C375T VCL, VT, VNT, VD
15 Hap 15 A157G T232A T306G C375T VT, VNT, VD
16 Hap 16 C146A C279A VD
17 Hap 17 T124A A208A C279A T286G VD
and insertions were not obtained. The distribution of pol- From all polymorphic sites, 17 haplotypes were

ymorphic sites are presented in Figure 3. The sequence be-
tween base pairs 124-200 contained four polymorphic sites
(26.67%), between base pairs 201-300 contained six poly-
morphic sites (40%), between base pairs 301-400 contained
four polymorphic sites (26.67%), and between base pairs
401-500 contained one polymorphic site (6.66%)(Table 2).

formed(Table 3). Among the 17 haplotypes, haplotype 14
presented in all the duck breeds except in the VC ducks
(Table 3), followed by haplotypes 1, 2, and 15, which each
appeared in three breeds. There were several haplotypes

that appeared in only a single breed, namely haplotypes 4-7
(VC), 8-9 (VCL), 11 (VNT), 13 (VT), and 16-17 (VD).
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GENETIC DIVERSITY

'The number of haplotypes, haplotype diversity (Hd), nucle-
otide diversity (Pi), and Tajima’s D were calculated for each
duck population and are presented in Table 4. Most nota-
bly, the native duck populations in this study had a high
number of haplotypes. In the VC population, the number
of haplotypes obtained was the largest with 7 haplotypes,
followed by VD and VNT (6), and lower numbers were
found in VT (5) and VCL (4). The average Hd, Pi, and
Tajima’s D values in the five duck populations were 0.515,
0.099, and 0.357, respectively. The highest genetic diversity
(Hd = 0.838, Pi = 0.166) was observed in VN'T. A non-sig-
nificant positive Tajima’s D index (P>0.10) was observed
in four breeds (VC, VT, VCL, and VD) while a significant
negative value of -0.00276 (P<0.10) was observed for VN'T.

PHYLOGENETIC RELATIONSHIPS

'The genetic divergence between studied populations ranged
from 0.189 to 0.347 (Table 5). Among the five indigenous
duck breeds, the lowest Ds value was found between VCL
and VT (0.189), followed by VNT and VD (0.196). The
highest Ds value was presented between VC and VCL
(0.347).

Table 4: Haplotype diversity in Vietnamese duck breeds.

Breed Number of Numberof Hd Pi(%) Tajima’s
sequences Haplotypes D

VC 24 7 0.216 0.106  0.504

vT 11 5 0.348 0.038 0.212

VD 17 6 0.647 0.085 0.589

VNT 12 6 0.838 0.166 -0.00276

VCL 20 5 0.525 0.099 0.483

'The results of the neighbor-joining analysis (Figure 3) in-
dicated that Vietnamese ducks and another Anas breed
formed two distinct clusters. The first cluster consisted of
the entire population of VT, six individuals of VNT, the
wild mallard ducks (Anas platyrhynchos), and the spot-billed
ducks (Anas zonorhyncha). The second one consisted of the
other Vietnamese duck breeds with sub clusters of VCL,
VC,and VD, in which VNT had genetic shares in the three
branches of the other three duck breeds.

Table 5: Pairwise of Nei’s genetic distance calculation.

Breeds vC CL NT vT
CL 0.347

NT 0.338 0.306

vT 0.380 0.189 0.208

VD 0.222 0.282 0.196 0.304

Among the five studied duck populations, the most com-
mon type of mutation was transversion, and then transition.
No insertions or deletions were found, which was similar to

the finding of (Li 7 a/.,2010) and (Gaur ez a/.,2017), how-
ever, this result was different from those of (Kulikova e# a/.,
2004; 2005).

'The G + C content in ducks was higher than that of A + T,
and the C content was highest, which was almost identical
to the values indicated by (Gaur ez a/.,2017). The content of
G + C in our study was higher than that finding of (Kulik-
ova et al., 2004; 2005) who studied the mtDNA sequence
region of Anas platyrhynchos and reported the A + T and
G + C contents as 51.2% and 48.8%, respectively. The pro-
portion of polymorphic nucleotide sequences were highest
between base pairs 201-300, which had six polymorphic
sites (40%). This result is inconsistent with the report of
(Susanti e# a/., 2017) in that the highest proportion was in
the 56-100 region (18 polymorphic sites). Many previous
studies have shown that the D-loop of mitochondria has
two regions with high mutation rates, which are hypervar-
iable region 1 (HV1) and hypervariable region 2 (HV2).
(Susanti ef al., 2017) stated that these variations could be
the result of mutation, natural selection, or mating. Genetic
variations in Vietnamese duck populations may be the re-
sult of random selection within the population and/or in-
terbreeding. Genetic diversity will increase if there is high
inbreeding in a population.

Number of polvmaorphism

124-200 201-3 301-400 1500
Sequence position (bp)

Figure 3: Distribution of polymorphic site of mtDNA

D-loop in Vietnamese duck.

The largest number of haplotypes was found in the VC
ducks, which indicated that this breed had a high number of
polymorphisms in the D-loop mtDNA region. Haplotype
and nucleotide diversity indices are often used to evaluate
the mtDNA variation and genetic diversity of populations
or breeds. Larger Hd and Pi values indicate greater genet-
ic diversity (Li 7 a/., 2010). The Hd in the present study
was higher than in Nigerian duck breeds (0.381), but lower
than in four Fuajian duck breeds (0.645) (Li ¢7 a/., 2010),
and Anas platyrhynchos (0.987) (Kulikova ez a/., 2005). The
average nucleotide diversity observed in this study was
0.099%, which is higher than reported in previous stud-
ies. When study on seven duck breeds in Korea, (Jin ez o/,
2014) found that Pi values ranged from 0.004 to 0.019.
(Qu ez al., 2009) reported the highest (0.01100) and the
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lowest (0.00087) Pi were found in seven duck breeds of
China. However, (Li ez a/.,2010) found a high Pi (0.115%)
in 26 indigenous duck breeds of China, and a very high
Pi (0.83%) was found in Anas platyrhynchos in the study
of (Kulikova ez a/., 2005). In the present study, genetic di-
versity (haplotype and nucleotide diversity) was highest
in VNT and lowest in VT and VC ducks. The results re-
ported here suggest that special attention or conservation
strategies are needed for VC and VT breeds because they
have low genetic diversity.

Figure 4: The unrooted neighbour-joining phylogenetic
tree of D-loop sequence for Vietnamese duck and other
anas breed from GenBank.

Among the five Vietnamese native duck breeds, a non-sig-
nificant positive of Tajima’s D test index was found in four
breeds (VC, VT, VCL, and VD) while a significant nega-
tive was observed for VN'T. According to (Tajima, 1996),
a positive Tajima’s D indicates low levels of both low and
high-frequency polymorphism. This suggests population
size reduction and/or balancing selection is occurring in
the population. If Tajima’s D value is negative, it shows
an excess of low-frequency polymorphism compared to
expectations, indicating an expansion of population size.
Therefore, with the significant negative Tajima’s D value,
the VNT population in Dien Bien province is evolving by
random selection, and the population expansion might be
due to separation and rare alleles appearing in the popu-
lation at high frequencies. The VNT duck population has
departed from equilibrium, which may be the result of a
past/recent population expansion or bottleneck eftect (Ta-
jima, 1996). (Pang ez al., 2009) suggested that based on
rare haplotypes or rare alleles, the evolutionary origin of

breeds could be determined. This result of the VNT breed

is more clearly shown when looking at the phylogenetic
tree (Figure 4) as some VNT individuals are in the branch
with Anas platyrbynchos and Anas zonorhyncha.

Our findings about the genetic distances among Vietnam-
ese duck populations agreed with the report of (Pham et
al., 2021) who observed genetic distances among four Vi-
etnamese duck breeds (Singcheng, Bauben, Minhhuong,
and Muongkhieng) from 0.16 to 0.40, with the lowest
Ds found in Minhhuong and Muongkhieng (0.16). These
results led to a phylogenetic tree showing Sincheng and
Bauben representing independent branches while the
Muongkhieng and Minhhuong are in the same branch.
'The phylogenetic trees of the five Vietnamese ducks with
Anas platyrhynchos and Anas zonorhyncha formed two clus-
ters in which all the individual VT ducks and six of the
VNT ducks joined in the first cluster with Anas platyrhy-
nchos and Anas zonorhyncha. As mentioned above, in the
VNT population, several animals had rare alleles, and
these alleles helped determine the origin of VNT ducks.
Regarding the evolutionary origin of domestic duck
breeds around the world, there are two hypotheses. One
hypothesis is that ducks originated from the wild mallard
ducks (Anas platyrbynchos) (Sultana et al., 2016). The other
is that the domestic ducks were domesticated from a cross
between wild mallard and spot-billed ducks (Johnson and
Sorenson, 1999). Our phylogenetic tree indicated that Vi-
etnamese native duck populations could have originated
from more than two maternal lineages, indicating that the
indigenous duck breeds of Vietnam were probably domes-
ticated from the mixture of mallard and spot-billed ducks.

CONCLUSIONS AND
RECOMMENDATIONS

Based on the analysis of polymorphism on D-loop mtD-
NA, a total of 15 mutation sites and 17 haplotypes were
found in five indigenous Vietnamese duck breeds. VC and
VT both showed low genetic diversity and conservation
practices should be adopted to protect these indigenous
duck resources. Phylogenetic analysis indicated that Viet-
namese ducks are closely related to both Anas platyrhynchos
and Anas zonorhyncha.
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mtDNA D-loop, thereby providing evidence of the genet-
ic relationship between duck breeds and information for
the conservation and development of native duck breeds
in Vietnam.
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