PHILIPP AGRIC SCIENTIST
Vol

100 No. 2, 150-155

June 2017

Genetic Diversity among Yellow Cattle Populations (Bos taurus)
in the Loess Plateau of Western China

Shengguo Zhao, Li Liu, Yuan Cai and Jianping Wu

College of Animal Science and Technology, Gansu Agricultural University, Lanzhou 730070, China

*Author for correspondence; email: zhaosg@gsau.edu.cn, zhaoshengguo0628@hotmail.com; Tel.: +(86) 931

7631225; Mobile: +(86) 13909469015; Fax: +(86) 931 7632468

Maternally inherited mitochondrial DNA (mtDNA) has been used extensively to determine genetic diversity
and to guide genetic resource conservation. It is hypothesized that local populations of Chinese Yellow
Cattle (Bos taurus) in the Loess Plateau of Western China were produced from Zaosheng cattle, and
estimates of genetic diversity in Zaosheng and other derived populations are needed to assist in getting
more detailed information about genetic resource conservation. Samples from Qinchuan cattle (QC, n =
171), Zaosheng cattle (ZS, n = 184), Pingliang native cattle (PL, n = 112), and Guyuan native cattle (GY, n =
75) were analyzed using mtDNA D-loop analytical techniques. A total of 140 variable sites and 244
haplotypes were identified. Among the QC, ZS, PL and GY populations, the diversity of haplotypes (0.946 *
0.012, 0.976 + 0.005, 0.966 + 0.010, and 0.975 % 0.009, respectively), the average number of nucleotide
differences (16.312, 13.685, 14.503, and 13.778, respectively) and nucleotide diversity (0.02661, 0.02236,
0.02370, and 0.02248, respectively) were determined. There were 202 unique haplotypes found in four
populations: 56 in QC, 71 in ZS, 42 in PL, and 33 in GY. Results from this research indicated that the
genetic diversity of QC was lower than that of ZS, PL and GY. Results also suggested that, based on
number of shared haplotypes, Qinchuan, Pingliang, and Guyuan cattle were descended from Zaosheng
cattle and gradually formed three distinct maternal branches with Pingliang and Guyuan apparently
maintaining the genetic diversity of Zaosheng. Identification of unique haplotypes within these
populations provided a basis for further cattle genetic resource assessment of diversity and conservation
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of native cattle populations in the Loess Plateau region of western China.
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INTRODUCTION

Since the domestication of cattle around 10,000 years
ago, humans have improved traits through selection
of animals. Selection progress was slow until the
application of quantitative genetics and artificial
insemination in the 20t century (Felius 1995). Breeds
were developed based on geographic, historical, and
evolutionary backgrounds, and defined by specific
phenotypic characteristics (Choi et al. 2012). In
addition, breeds developed useful adaptation to their
production environment through natural selection.
Notter (1999) noted that matching germplasm
resources to  production or management
environment is important in animal genetic resource
management. The characterization of these
indigenous,  economically  important  genetic
resources has become an issue of increasing

150

importance both in the scientific community and in
production agriculture. Researchers and farmers in
many countries are increasingly aware that their
indigenous livestock and plant material may have
unique and  potentially = valuable  genetic
distinctiveness. Notter (1999) reported that there is
evidence that favorable alleles exist even in less
productive genetic resources (breeds). Genetic
diversity is a critical component of fitness strategies
in organisms (Ouburg et al. 2009) and is important in
the maintenance of viable populations. Lower genetic
diversity was associated with lower disease
resistance in Drosophila melanogaster and it is
reasonable to hypothesize that this association would
occur in other genera and species (Spielman et al.
2004).

There may be an artificial reduction of genetic
diversity in domesticated livestock because of the

The Philippine Agricultural Scientist Vol. 100 No. 2 (June 2017)



Genetic Diversity of Yellow Cattle Populations

ubiquitous importation and use of exotic breeds in
crossbreeding with local breeds. Such practices have
not only decreased productivity through the
introduction of unadaptable genetics to specific
production environments, but they have also served
to dilute the genetics necessary for adaptation to
those environments. Consequently, it is imperative
that the genetics of indigenous breeds be both
characterized and preserved for use in increasing the
efficiency of producing protein for humans and for
other resources to assist in responding to the effects
of global climate change on livestock production.
Highly informative nuclear and cytoplasmic DNA
molecular markers would allow estimation of levels
of within-breed diversity, as well as the elucidation
of genetic relationships with reported European and
Latin American breeds (Delgado et al. 2012).
Genomics can be used to provide estimates of genetic
diversity in specific parts of the genome and
facilitates conservation strategies based on specific
genetic diversity (Windig and Engelsma 2010).

Maternally  inherited mitochondrial DNA
(mtDNA) has been used extensively to determine
genetic diversity and to guide genetic resource
conservation (e.g., Troy et al. 2001; Kikkawa et al.
2003; Kim et al. 2003; Cai et al. 2007); and mtDNA has
been used to infer regions of domestication and to
determine the number of maternal lineages and their
geographic origins in macroevolution studies (Di
Lorenzo et al. 2015). In this respect, mtDNA has been
a very valuable tool in understanding the origin and
domestication of cattle. It has been used extensively
to determine origin and diversity of taurine cattle
(Bos  taurus) (Kantanen et al. 2009). Taurine
mitochondrial diversity could be evaluated with two
major mitochondrial haplotype clusters as reference,
each group being usually named as European
consensus (Eucons) and African consensus (Afcons)
(Bradley et al. 1996; Ginja et al. 2010). These groups
represent the central haplotypes of phylogenetic
networks presented to date, to which a number of
peripheral haplotypes coalesce (Troy et al. 2001;
Miretti et al. 2004).

Many valuable attributes of Chinese Yellow
Cattle have been characterized in recent years,
especially those breeds in Western China. This
practice has been detrimental to local Yellow cattle
populations. Germplasm from Dengchuan, Tangjiao
and Jinan cattle is at present largely unavailable.
Populations of Zhoushan, Fuzhou, Pinglu Mountain,
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Bohai black, Guangfeng, Zaobei, and Leigiong breeds
have been severely reduced by crossbreeding;
Zhoushan, Fuzhou, and Pinglu Mountain cattle are
now nearly extinct. Additionally, Mongolian,
Qinchuan, Nanyang, Luxi, Minnan and other local
cattle breeds have been gradually replaced with
exotic breeds in Chinese beef production systems
(Chen and Cao 2000).

Thus, the objectives of this study were (1) to
evaluate the genetic diversity and population genetic
structure of native Chinese Yellow Cattle in the Loess
Plateau of western China using the hypervariable D-
loop region of mtDNA, and (2) to provide a genetic
characterization that may serve as a scientific basis
for future genetic resource conservation and
management strategies of native Chinese Yellow
Cattle in western China.

MATERIALS AND METHODS

Sampling

Blood samples were collected from 542 native cattle
sampled from four populations to represent current
blood lines and broad categories of body types in
producer households and breeding enterprises in
Baoji Prefecture of Shanxi province (Qinchuan, QC, n
=171), Qingyang Prefecture (Zaosheng, ZS, n = 184),
Pingliang Prefecture (Pingliang, PL, n = 112) of
Gansu province, in producer households and
breeding enterprises in the Baoji Prefecture of Shanxi
province and Guyuan prefecture (Guyuan, GY, n =
75) of Ningxia Hui Autonomous Region,
respectively, which comprise the Loess Plateau.
Samples were collected in tubes with anticoagulant
(Heparin sodium) stored on ice, and transported to
the laboratory where they were stored at —70 °C until
analyzed. Additionally, to enhance reliability, 13
mtDNA D-loop sequences from Qinchuan cattle
(DQ166083, DQ166084, DQ166085 DQ166086,
DQ166087, DQ166088, DQ166089, AY521107,
AY521108, AY521109, AY521110, AY521111 and
AY902395), and 4 mtDNA D-loop sequences of
Zaosheng cattle (DQ166063, DQ166064, DQ166065
and DQ166066) were downloaded from Genbank
(www.ncbi.genbank.org).

Sequencing of the Bovine mtDNA D-Loop Region
Total DNA was extracted from blood samples
according to the conventional phenol chloroform
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extraction method from the Molecular Cloning
Laboratory Manual (Sambrook and Russell 2002). A
bovine mtDNA D-loop hypervariable region
sequence was used to design the primer (Forward 5’-
CTGCAGTCTCACCATCAACC-3', Reverse 5'-
GTGTAGATGCTTGCATGTAAGT-3’), which ampli-
fied a 617-base-pair fragment of D-loop using
polymerase chain reaction (PCR). The 50 uL PCR
reaction mix system contained 22 pL ddH20, 1 pL
forward primer (0.01 mmol.puL?), 1 uL reverse primer
(0.01 mmol.uL?), 25 pL premixed polymerase
(Takara, Dalian, Liaoning, PRC) and 1 uL DNA (50
ng.uL1). The PCR reaction procedure consisted of a
first denaturation step at 94 °C for 3 min, followed by
35 cycles of 30 s at 94 °C, 1 min at 51 °C for annealing,
1 min at 72 °C with an elongation step of 10 min at 72
°C in the last cycle, and stored at 4 °C. PCR products
were detected by 2% agarose gel electrophoresis,
then purified and sequenced (Sangon Biological
Engineering, Inc. Shanghai, PRC).

Data Analysis

Sequences of the mtDNA D-loop were manually
edited using ChromasVersion2.33 (http:/
www.technelysium.com.au/chromas.html). All

analyzed sequences were collected by MEGA 5.0
(http://www.megasoftware.net) and the database
was established. All sequences were aligned using
Clustal X (http://www.igbmc.ustrasbg.fr/pub/
ClustalX) multiple alignment software. Sites
representing a gap in any of the aligned sequences
were excluded from the analysis. Dnasp 5.10.1
(http://www.ub.edu/dnasp) was used to analyze
nucleotide  variable sites, single nucleotide
polymorphisms, number of haplotypes, and to
conduct Tajima’s neutrality test and compute
diversity of haplotypes, average numbers of
nucleotide difference, and nucleotide diversity.

RESULTS AND DISCUSSION

Variation in the mtDNA D-loop Sequences

According to the complete nucleotide sequence of
mtDNA  D-loop (15792-16338 bp, 1-363 bp)
(Genbank accession number V00654/]01394), 617 bp
segments containing the hypervariable region of the
mtDNA D-loop in 542 cattle were analyzed and 140
polymorphic sites were found. The percentage
variation of nucleotides was 22.69%. Analysis
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detected 47 singleton variable sites with two variants,
one singleton variable site with three variants, 82
parsimony informative sites with two variants, and
10 parsimony informative sites with three variants
(Table 1). Nucleotide composition analysis of the 542
cattle showed that the average percentage of A, T, C
and G was 343%, 29.4%, 232% and 13.1%,
respectively. The average percentage of A + T (63.7%)
was much greater than that of G + C (36.3%). The
percentage of G + C in the mtDNA fragments ranged
from 21% to 50%. Jia et al. (2007) reported that the
percentage of G + C ranged from 21% to 43% in
invertebrates and from 37% to 50% in vertebrates,
similar to the results from this study.

Genetic Diversity of mtDNA D-loop

Parameters of genetic diversity of mtDNA D-loop
among Chinese Yellow Cattle populations in the
Loess Plateau are shown in Table 2. The total
haplotype diversity (Hd = SD), average number of
nucleotide differences (k) and nucleotide diversity
(Pi) were 0.971 + 0.004, 14.538, and 0.02379 among
542 individuals in the four populations, respectively.
The Tajima’s D values ranged from -0.99401 to
0.00806 (P>0.10), and are consistent with the neutral
mutation hypothesis. Cai et al. (2007), in a study of 18
beef cattle populations in China, similarly reported
that the haplotypes identified in their study did not
demonstrate deviations from the neutral mutation
hypothesis.

Table 1. Mitochondrial DNA (mtDNA) D-loop variable

sites in four Chinese Yellow Cattle populations in the
Loess Plateau.

Population” Variable  Singleton Parsimony
Sites Variable Informative
Sites Sites
QC 89 32 57
A 99 38 61
PL 82 31 51
GY 70 25 45

TQC - Qinchuan, ZS — Zaosheng, PL — Pingliang, GY —
Guyuan

Haplotype Diversity of mtDNA D-loop

There were 244 haplotypes defined based on 140
variable sites among the 542 individuals in the four
populations. The frequencies of the different
haplotypes showed considerable variability. The
haplotype with the greatest frequency was H211
(12.0%). Other haplotypes with greater frequencies
were H101 (7.0%), H48 (5.7%), and H57 (4.6%). Other
haplotypes ranged in frequency from 0.2% to 3.5%.
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Table 2. Genetic diversity of mitochondrial DNA (mtDNA) D-loop variable sites in four Chinese Yellow Cattle

populations in the Loess Plateau.

. . Average No. of Nucleotide e

Population’ Diversity om:_HapIotypes Nucleotide Differences Diversity Tajimati Test
(Hd * SD) (k) (Pi) D

QC 0.946 £ 0.012 16.312 0.02661 0.00806

ZS 0.976 £+ 0.005 13.685 0.02236 -0.76650

PL 0.966 + 0.010 14.503 0.02370 -0.31445

GY 0.975 £+ 0.009 13.778 0.02248 -0.99401

"QC - Qinchuan, ZS - Zaosheng, PL — Pingliang, GY — Guyuan

There were 202 haplotypes unique to one of the four
populations and 42 haplotypes shared among the
four populations. Cai et al. (2007) identified 47
haplotypes at 105 polymorphic sites among 136
individuals from 18 populations of Chinese beef
cattle.

The haplotype diversities for the four
populations are given in Table 2. The haplotype
diversity of the ZS population was 0.976 + 0.005,
which was numerically greatest among the four
populations. The haplotype diversities of GY
population (0.975 + 0.009) and of PL population
(0.966 + 0.010) were lower, and the haplotype
diversity of QC population (0.946 + 0.012) was the
least. The haplotype diversities of ZS and GY
populations were greater than the average haplotype
diversity (0.971 + 0.004) of the four populations, and
those for the QC and PL populations were lower. The
genetic diversity of QC, as evidenced by haplotype
diversity, was low relative to that of Zaosheng cattle.
Haplotype diversity of PL and GY cattle did not
appear largely diminished compared with that of ZS.
Brenneman et al. (2007) studied genetic diversity
among Angus, American Brahman, Senepol, and
Romosinuano cattle breeds and reported diversity
estimates ranging from 0.64 in Romosinuano to 0.75
in Brahman. Cai et al. (2007) researched mtDNA
diversity in the cytb gene and genetic lineages of 18
cattle breeds from Bos faurus and Bos indicus and
reported estimates from populations in central China
ranging from 0.71 in Jiaxian cattle to 0.93 in Nanyang
cattle, with Qinchuan cattle reported as 0.86.

Nucleotide Diversity of mtDNA D-loop

Estimates of nucleotide diversity for the QC, ZS, PL,
and GY populations are given in Table 2. Nucleotide
diversity was greatest in QC cattle (0.02661) and least
in ZS cattle (0.02236). These estimates for the
hypervariable region of the mtDNA D-loop are
greater than those of Cai et al. (2007) who reported
nucleotide diversities for the cytb gene ranging from
0.00029 to 0.01048. Cai et al. (2007) also reported that

cattle breeds from central China had the greatest
nucleotide diversity with nucleotide diversity in
Qinchuan cattle reported at 0.00823, which was less
than the Qinchuan hypervariable D-loop estimate in
the current study.

Unique Haplotypes of mtDNA D-loop
The number of unique haplotypes in Qinchuan,
Zaosheng, Pingliang, and Guyuan cattle was 56, 71,
42, and 33, respectively, accounting for 22.95%,
29.10%, 17.21% and 13.52% of the total haplotypes
(244) in each population (Table 3). Brenneman et al.
(2007) reported a mean frequency of private alleles in
Angus, Brahman, Senepol, and Romosinuano of
0.102. Although clearly the Qinchuan, Pingliang, and
Guyuan cattle breeds are unique, a significant
number of haplotypes were shared among those
breeds as well as Zaosheng cattle. It appears
reasonable to infer that Qinchuan, Pingliang, and
Guyuan cattle were derived from Zaosheng cattle.
Table 3. Number of unique (diagonal) and shared

(off-diagonal) haplotypes for four populations of
Chinese Yellow Cattle.

Population' QC ZS PL GY
QcC 56 21 17 13
Zs 71 13 1
PL 42 12
GY 33

'QC - Qinchuan, ZS - Zaosheng, PL — Pingliang, GY —
Guyuan

CONCLUSION

Mitochondrial DNA has been a valuable tool for
assessment of genetic diversity in cattle. The present
study evaluated the genetic diversity and structure of
native cattle breeds in the Loess Plateau of western
China using the hypervariable D-loop region of
mtDNA. Genetic diversities of Zaosheng, Pingliang,
and Guyuan cattle were similar while that of
Qinchuan cattle was lower than those of the other
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populations. It appears that Qinchuan, Pingliang and
Guyuan native cattle might have been derived from
Zaosheng cattle. Additionally, preservation of
Qinchuan, Pingliang, and Guyuan cattle may save a
portion of the genetic diversity in the Zaosheng cattle
if population numbers of Zaosheng are insufficient
for effective preservation efforts.
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