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Abstract In order to determine the applicability of microsatellite primers developed from common carp  Cyprinus-
cario for genomic analysis in mud carp Cirrhina molitorella 24 primer pairs from common carp were designed to am-
plify microsatellite loci in the mud carp containing CA' GA AT and GGGA sequences. Thirteen primers 54% success-
fully amplified specific products in the mud carp and 11 primers 48% showed high polymorphism in the mud carp popu-
lation. The results indicated that the average number of alleles per locus in the mud carp stocks was 5.2. Average het-
erozygosity Ho  unbiased expected heterozygosity He and polymorphism information content PIC in the wild popu-
lation were 0.61 0.2 0.8 +0.09 and 0.72 + 0.1 respectively. Several Hardy-Weinberg departure value were signifi-
cantly departed from Hardy-Weinberg equilibrium. The study showed that microsatellite primers from a species of
Cyprinidae can be used for mud carp genetic analysis without much cost or time input.
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Cirrhina molitorella  Cypriniformes Cyprinidae cusing on aquaculture and basic biology and very few

Labeoninae Labeo 1is a fish species unique to south- on molecular biology of the species using techniques

ern China which is mainly distributed in the Zhujiang
River system Hainan and the Yuanjiang and Lancang
River systems of Yunnan Zheng et al 2005 . Few

studies on C . molitorella have been reported most fo-
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such as RAPD and DAF analysis. Recently the popu-
lation of C . molitorella has diminished due to over fish-
ing and artificial releases have been increasing to sup-

plement fish populations. This will lead to a decrease of
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genetic diversity of the original C.molitorella popula-
tion and genetic erosion from other fish population. In
order to provide more information and data for the pro-
tection and sustainable utilization of the C.molitorella
genome the microsatellite markers of C . molitorella
were investigated .

Microsatellites are also called simple sequence re-
peats SSR  being a simple repeat sequence consist-
ing of one to six bases distributed in the complete
DNA of an organism. Microsatellites have many at-
tributes making them excellent for scientific studies
such as abundant polymorphisms co-dominant heredity
and easy detection. Microsatellite markers are excellent
for estimating the genetic diversify of a species. The
isolation of microsatellite loci and design of relevant
primers is the first step in the application of the mark-
er. Much work needs to be done to construct a genomic
DNA library in the traditional way of isolating mi-
crosatellite loci restricting the application and devel-
opment of the microsatellite marker technique for many
populations. Since DNA sequences are highly con-
served between closely related species it can be effec-
tive to analyze the microsatellites of a fish species using
microsatellite primers from other fish species Lin et
al 2003 . In this paper the microsatellite primers of
fishes of Cyprinidae were used to amplify the DNA of
C . molitorella . Abundant polymorphic microsatellites
were selected to analyze the population genetic struc-
ture of C . molitorella and provide reference for further

genetic study of this species.

1 Materials and Methods

1.1 Materials and extraction of genomic DNA
Twenty fish samples were collected from a wild
Cirrhina molitorella population from West River and
were housed at the Guangdong C . molitorella breeding
farm. Another 20 samples were collected from a fish
farm in Panyu Guangdong. Blood samples were ex-
tracted and stored in ACD  acid-citrate-dextrose solu-
tion at —20°C. After extraction with TTANGEN DNA
was suspended to be used as the template DNA in poly-
merase chain reactions PCR .
1.2 Origination and selection of primers
Twenty-two primer pairs MFW-XX HLJ-XX o-
riginally developed for common carp and two Koi-XX
developed for color carp were used to amplify the ge-
nomic DNA of C.molitorella Lin et al 2003 Liu et
al 2002 Luetal 2005 . Microsatellite primers were

selected according to their bands on electrophoretic
patterns . Primers should amplify clear and polymorphic
bands and follow Mendelian segregation patterns of
gene inheritance for the microsatellite loci Lin et al
2003 .

1.3 Reaction conditions of PCR

20 L. PCR amplification contained 2.0 pL 10 x

PCR Buffer 0.2 pLL ANTP Mix 10 mmol/L each
dATP dCTP dGTP dTTP 1.0 U Taq DNA poly-
merase 50 ng of each template DNA and 0.5 mmol/L
of each primer. PCR amplifications were performed
with the following cycle parameters initial denaturation
95°C for 5min 35 cycles of denaturation 94°C for
30s annealing 55°C for 30 s

455 final extension 72°C for 7 min . Some parame-

extension 72°C for

ters such as annealing temperature and Mg?* concen-
tration were adjusted according to the amplified prod-
ucts. Each sample was mixed with the loading buffers
5:1 and 8 pL. of the mixture were electrophoresed
in 8% non-denaturing polyacrylamide gel with 1 x TBE
buffers and 140 Volts for approximately 5 hours. Sam-
ples were then visualized on ultraviolet gel documenta-
tion systems after being tested using silver staining
Sanguinetti et al 1994 .
1.4 Statistical analysis
The bands of electrophoretic patterns were ana-
Version 3.01  soft-

ware and artificial adjustment. The number of alleles

lyzed using ImageMasterID Elite
a  effective number of alleles o,  average het-
erozygosity Ho  unbiased expected heterozygosity
He Nei 1978

and population heterozygosity

Hardy-Weinberg departure value
H were used to study
the genetic variations within the population. Inter-pop-
ulation genetic variations were estimated using the ge-
netic similarity coefficient I and genetic distance.
The polymorphism information content PIC of every
locus was calculated based on the data from the wild
population to analyze the applied value of the selected
2004 Quan et al

microsatellite markers Wang et al

2006 .
2 Results and Analysis

2.1 Results of 13 microsatellite primers tested in
Cirrhina molitorella
Twenty-four pairs of microsatellite primers of
Cyprinidae fishes were used to amplify the DNA of Cir-
rhina molitorella . Thirteen primer pairs 54%  pro-

duced clear and stable bands from the fish after opti-
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46 %
phic and two MFW20 and Koi3 were monomorphic.
MFW20 and

Koi3 there were 2 -7 genes in the 11 primer pairs

mizing the PCR conditions 11 were polymor-

Excluding the two monomorphic genes

with an average of 4.4. The size of the excerpts was
between 118 bp MFW20 and 217 bp MFW19  of
which MEW7 MFW20 MFW26 and Koi3 were differ-
ent from that of Cyprinidae. Koi3 differed from
Cyprinidae by more than 300 bp 466 — 500 bp in
MFW7 in
Cyprinidae was over 206 bp but in C.molitorella
ranged from 145 bp to 165 bp. MFW20 in Cyprinidae
205 bp is longer than in C.molitorella 118 bp
Similarly MFW26 was 209 bp in Cyprinidae and 125
—170 bp alleles in C . molitorella . A description of the

Cyprinidae and 160 bp in C . molitorella

13 microsatellite primers is given in Tab 1.
2.2 Results of microsatellite loci in Cirrhina moli-
torella population
Eleven of the 24 primer pairs were polymorphic.
All others were abandoned as they were unable to produce
specific clear stable or polymorphic bands. For in-

MFW20 and Koi3 only produced one allele

stance

Tab. 3
primer pairs in C.molitorella was 48 ranging from 2
MFW4 MFW5 Koi20 to 7 MFW1 . The average

number of alleles each locus was 4.4.

The total number of alleles from the 11

2.3 Genetic diversity analysis of Cirrhina moli-
torella population

According to the protocol in range determination
of farm animal intervarietal heredity globally a mi-
crosatellite locus used to estimate genetic diversity
should contain at least four alleles Wang et al 2005 .
Eight pairs of highly polymorphic primers were used to
analyze the genetic characteristics of C.molitorella
Tab. 2-Tab. 4 .

The results show that the number of alleles per lo-

cus was between 3 HLJOl11 and 7 MFWI1

age was 5.2 in each locus. Microsatellite polymorphism

the aver-

can provide information on the evolution of a species as
alleles with high frequencies are the most conservative
and primitive in a population while other multiple alle-
les can form during the course of evolution. Therefore
the allele with the highest frequency of the eight loci

might be the most primitive allele in C . molitorella .

Tab. 1 The amplification conditions and results of 13 microsatellite primers in Cirrhina molitorella

Locus Primers sequence Repeats motif Tm C Size range bp No. of alleles Mgz* mmol/L
i TEEOEr a e wew o
we o oweTeRone 0w w5
W TROWTETIMIOGS o w2
S S S S SR
e TROWTETIMIGS s o
wwis FOCCIGTTIGITGIGAN g ; 2
wo | PERTCTENCIONS o wan s
s TOTTAGCITIOATE o e
s TETMETONCOCT o em o
wo o TEImOEIOGOUT e w0
o FTECCCICIGTITGCTIO, g 2 s
T W S U R
HLJO17 F TGT CCG AGT GTT TTT GTC ATT C AT 49 201-210 5 s

TGA CAA CAC ATT TGC CTC AA

Primer sequence and repeat motifs refer to Lin et al 2003

Liao et al 2005 2002

and Lu et al 2005 .
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Tab. 2 Allele frequencies of eight microsatellite loci in wild and cultured Cirrhina molitorella populations
Locus Allele All(?le frequen?y of Allele frequency' of Locus Allele Aﬂt?le frequen'cy of Allele frequency. of
wild population cultured population wild population cultured population
MFW1 1 0.1111 0.0303 MFW15 1 0.0833 0.1034
2 0.1111 0.1515 2 0.2499 0.2067
3 0.0556 0.2727 3 0.2499 0.1724
4 0.3333 0.1818 4 0.2499 0.1724
5 0.0556 0.2121 5 0.0833 0.3103
6 0.2778 0.1212 6 0.0833 0.0345
7 0.0556 0.0303 MFW19 1 0.1429 0.0571
MFW2 1 0.1429 0.1200 2 0.2857 0.3714
2 0.1429 0.1600 3 0.1142 0.2000
3 0.2143 0.2800 4 0.2857 0.2286
4 0.2858 0.3200 5 0.0571 0.1429
5 0.2143 0.1200 MFW26 1 0.1667 0.1290
MFW7 1 0.0606 0.0606 2 0.1111 0.2258
2 0.0606 0.0303 3 0.1667 0.1613
3 0.303 0.2727 4 0.2778 0.3226
4 0.2424 0.1212 5 0.1667 0.1290
5 0.1818 0.0303 6 0.1111 0.0323
6 0.1515 0.4848 HLJO017 1 0.1714 0.0513
HLJO11 1 0.2000 0.6897 2 0.2857 0.0769
2 0.6333 0.2759 3 0.2000 0.5128
3 0.1667 0.0345 4 0.1143 0.1538
5 0.2286 0.2051
Tab. 3 Characteristics of eight microsatellite loci assessed for wild stocks of Cirrhina molitorella
Number of effective Observed heterozygosity Unbiased expected D value of wild The value of polymorphism
Locus alleles of wild of wild population heterozygosity of population information content of
population  a, Ho wild population He d wild population PIC
MFW1 4.5 0.8 0.8187 -0.0228 0.7476
MFW2 4.7 0.35 0.8270 -0.5768 0.7585
MFW7 4.7 0.65 0.8275 -0.2145 0.7539
MFW15 4.8 0.25 0.8335 -0.7001 0.7603
MFW19 5.0 0.75 0.8421 -0.1094 0.7740
MFW26 5.4 0.8 0.8577 -0.0673 0.7333
HLJO11 2.1 0.5 0.5591 -0.1057 0.4745
HLJO17 4.6 0.75 0.8249 -0.0908 0.7489

Heterozygosity H  or gene diversity can high-
light the genetic variations of many loci in a popula-
tion. It is thus considered to be a suitable parameter to
estimate the genetic variation of a population. The ex-
pected values of average heterozygosity were calculated
using the formula of non-biased heterozygosity reported
by Nei 1978 for small samples. The observed het-
erozygosity Ho of the wild C . molitorella population
was between 0.25 and 0.8. The average Ho and aver-
age expected heterozygosity He were 0.61 0.2 and
0.8 £ 0.09 respectively for the wild population but
were lower in the cultured population 0.59 +0.2 and
0.75+ 0.1 respectively . This indicates medium ge-
netic diversity in the wild C . molitorella population and
a relatively lower diversity in the cultured population.

PIC

index for analysis of the polymorphism of an amplified

The polymorphic information content s an

product. According to the protocol of Botstein 1980

PIC > 0.5 indicates highly polymorphic loci 0.25 <
PIC < 0.5 indicates middling polymorphic loci and
PIC < 0.25 indicates low polymorphism. The PIC of
the eight loci in the wild population of C. molitorella
ranged from 0.4745 to 0.774 and the average PIC
was 0.72+0.1. The PIC was over 0.7 in all cases

except with HLJO11 PIC <0.5
of the loci were highly polymorphic and could be used

meaning that seven

to calculate the genetic diversity of the C.molitorella
population .

The Hardy-Weinberg departure value D is a
fixed index describing the departure of a locus in a
population from Hardy Weinberg equilibrium. D > 0
means that there is heterozygote deficiency at a given lo-
cus whereas D < 0 indicates heterozygote excess. All

eight of the loci in the wild C . molitorella population
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Fig. 1

a From wild population amplified by MEW1 b From a cultured population amplified by MFW1

¢ From a cultured population amplified by MFW20.

M pBR322 DNA/Msp 1 molecular weight marker

Electrophoretic patterns of PCR products of Cirrhina molitorella

1-20 20 individuals of wild Cirrhina molitorella population.

Tab. 4 Characteristics of eight microsatellite loci assessed for cultured stocks of Cirrhina molitorella

Number of effective

Locus alleles of cultured

Observed heterozygosity

of cultured population

Unbiased expected

heterozygosity of cultured

D value of cultured

population d

population @, Ho population He
MFW1 5.2 0.65 0.8507 -0.2359
MFW2 4.3 0.25 0.8051 -0.6895
MFW7 3.0 0.65 0.7057 -0.0789
MFW15 4.8 0.45 0.8312 -0.4586
MFW19 3.9 0.75 0.7854 -0.0451
MFW26 4.6 0.55 0.8258 -0.3398
HLJO11 1.8 0.45 0.4705 -0.0436
HLJO17 3.0 0.95 0.6977 0.3616

had excess heterozygosity with some of them departing
from Hardy Weinberg equilibrium.

The genetic similarity coefficient and genetic dis-
tance based on allele frequencies between the two pop-
ulations were 0.7774 and 0.2518 respectively indi-

cating a slight heredity differentiation .
3 Discussion

3.1 Selection of microsatellite loci in Cirhinna moli-

torella

Much work needs to be done to construct a ge-
nomic DNA library in the traditional way of isolating
microsatellite loci restricting the application and de-
velopment of the microsatellite marker technique for
wild populations. Since single-copy DNA sequences
which pair with microsatellites are highly conservative
between closely related species —analyzing the mi-
crosatellite of a fish using microsatellite primers from
other related fishes is effective.

Sun & Liang 2001

geneity of two local carp populations

analyzed the genetic hetero-

Cyprinus carpio

haematopterus Temminck et Schlege and Cyprinus pel-
legrini Tchang with SSLP makers from the zebra fish.
Lin and Luo 2003 found that seven of 28 pairs of mi-
crosatellite primers which originated from common carp
produced relevant specific bands in the DNA of Xi-
2005

highly polymorphic microsatellite loci in grass carp with

angjiang grass carp. Liao et al also found six

45 primer pairs from the common carp. Zhu et al
1999

crosatellite

tested the applicability of four pairs of mi-
primers from Acipenser fulvescens on
Acipenser sinensis Gray two of which generated stable
and polymorphic bands. Shao et al 2002 reported that
14 of 21 microsatellite primers from Scaphirhynchus
platorynchus could be used in Acipenser sinensis Gray
and 10 primer pairs were highly polymorphic. All of
these studies have shown that using related species to
provide microsatellites is an effective way to analyze the
microsatellite of rarer fish species. Eleven of 24 primer
pairs from Cyprinidae were identified to analyze the mi-
crosatellite in C . molitorella in this paper the ratio of

the successful primers was similar to that of Zhu et al
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1999 and Shao et al 2002 but higher than that of
Lin & Luo 2003 and Liao et al 2005 .

Although the primers of Cyprinidae successfully
amplified in C. molitorella the size and number of al-
leles were significantly different. Koi3 identified four
alleles 466 -500 bp
dentified a single allele with 160 bp in C . molitorella .
MFW7 MFW20 and MFW26 also produced different

bands in C . molitorella . This means that it is neces-

in the common carp but only i-

sary to screen the products and design primers for fur-
ther study of the species although it saves time and
energy to use an applicable microsatellite primer from
another species for the unique conservative microsatel-
lite flanking sequences and the variable repeated se-
quences. MFW1 produces polymorphic bands in many
silver carp

fishes such as carp Paramisgurnus

Labeo rohita and C . molitorella in this re-
indicating that MFW1 is

a relatively primitive locus with conservative mi-

dabryanus

search seven genes in total

crosatellite flanking sequences and less selective pres-
2005 pro-
posed that duplication events have happened to MFW1

sure on its repeated sequences. Liao et al

during the course of evolution of the fishes.

3.2 Genetic analysis of Cirrhina molitorella popu-
lation

The values of observed heterozygosity Ho of the
wild C . molitorella population were between 0.25 and
0.8 the average Ho and average expected heterozygos-
ity He were 0.61+0.2 and 0.8 £0.09 respective-
ly but were lower in the cultured population 0.59 +
0.2 and 0.75 + 0.1 respectively . Similar results have
been obtained in other studies. Hedgecock & Sly
1990 reported that a wild pacific oyster population
had more alleles on a certain locus than a cultured pop-
ulation using electrophoresis technology of isoen-
zymes. Li et al 2004 compared the genetic diversity
of three cultured abalone populations and two wild a-
balone populations with microsatellite markers and
found that the number of alleles in the cultured popula-
tions was 76% less than that in the wild populations.
The average expected heterozygosity was also remark-
2004 pro-

posed that a low number of breeding adults in the cul-

ably low in the cultured populations. Li

tured populations caused the decrease of genetic diver-
sity and intensified genetic drift in the populations.
However Skaala et al 2004 found that 42% of alleles
were lost in cultured Atlantic salmon populations and

there was a lower difference in heterozygosity and

therefore reported that the founder effect Quan et al
2005 was the main reason for the loss of alleles in the
cultured populations. The reasons for lower average
heterozygosity and no allele loss in the cultured
C . molitorella population in this research needs to be
study further. Both the average observed heterozygosity

Ho and average expected heterozygosity He were
over 0.5 and departed from the standard of panmictic
population heterozygosity of Hardy Weinberg equilibri-
um law. Quan et al 2005 proposed that genotype de-
pletion from environmental pressures human behavior
or sampling errors caused this departure. Xie et al

1999 believed that small sampling variance for as-
sessing population changes at DNA level when the sam-
ple size n =10 caused similar results according to the
DNA sequence sampling theory reported by Tajima

1983 . It was less possible in this research for sam-
pling error lead to the reported departure from equilib-
rium as the sample size was 20.

The statistical data showed medium genetic diver-
sity in the wild C . molitorella population and a bottle-
neck effect and inbreeding depression in the cultured
population enhancing the germplasm homogenization
and decreasing the genetic diversity of the two popula-
tions genetic distance between populations 0.2518 .

Zheng et al 2005

wild C.molitorella population with 98 information

reported low genetic diversity in a

points and 35.7% polymorphism fragment ratio of 23
paired microsatellite primers using RAPD and DAF
techniques. Zhu et al 2005 studied mud carp in the
Xijiang branch of the Pearl River using RAPD and re-
ported a high genetic diversity with a higher average
heterozygosity at 0.1281.

The results indicate a medium genetic diversity
level in the wild C . molitorella population and a rela-
tively lower one in the cultured population which dif-
fers from formerly reported studies. This may firstly be
due to different sampling locations. Zheng et al 2005
collected their samples from different sites of the Zhu-
jlang River with none being cultured in farm ponds.
The wild C . molitorella population analyzed in this re-
search had been cultured in farm ponds for approxi-
mately three years. Secondly microsatellite DNA and
RAPD are different genetic markers. Microsatellite
markers are a stable and reliable research technique
which is why it was used in the present study. However
RAPD  which Zheng et al 2005 and Zhu et al

2005 wused does not produce stable bands when the
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lab conditions are changed. In addition the standards

for the numbers length sequence of the primers used
in RAPD are not certain Zheng et al 2005 . There-
fore it is difficult to compare the results of RAPD
method .
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