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Genetic diversity of oriental river prawn (Macrobrachium nipponense
De Haan) revealed by ISSR markers
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Abstract: Oriental river prawn Macrobrachium nipponense is a commercially important aquaculture species in China.
In this study, genetic diversity among five populations of M. nipponense was determined using inter-simple sequence
repeat (ISSR ) markers. The five populations were collected from Tai Lake of Jiangsu Province (JS), Poyang Lake
of Jiangxi Province (NG ), Nanman River of Yunnan Province (YN), Yangtze River of Hubei Province (HB) and
Bositeng Lake of Xinjiang Uygur Autonomous Region (XJ). A total of 142 bands were produced from 60 individuals
by nine ISSR primers. At species level, the percentage of polymorphic loci (PPL), observed number of alles per locus
(N,), effective number of alleles per locus (N,), Nei’ s gene diversity index (H) and Shannon’ s information index (/)
were 97.18%,1.972,0.312,0.120 and 0.323, respectively. At population level, the percentage of polymorphism loci
(PPL) varied greatly among populations, ranging from 29.58% to 61.97%. The observed number of alleles per locus
ranged from 1.296 to 1.620, the effective number of alleles varied from 1.165 to 1.281. Nei’ s gene diversity indices
ranged from 0.098 to 0.172. Shannon’ s information indices averaged 0.135 at the population level (H,,,) and 0.323 at
the species level (H,,). The total genetic diversity (H;) and within-population genetic diversity (H,) were 0.201 and
0.135. The coefficient of genetic differentiation between populations ( Gs; ) was 0.327 as estimated by partitioning of
the total gene diversity (0.201 ). NC population exhibits great level of variability (PPL: 61.97%,N,: 1.620,N,: 1.281,
H:0.172, 1: 0.267), whereas the population HB exhibits the lowest level of variability (PPL: 29.58%, N,: 1.296,
N.:1.165, H:0.098, I:0.147) . Compared with other populations, XJ population and JS population were the most
similar genetically ( Fg;: 0.192 3, D: 0.054 2 ), while XJ population and YN population were the most dissimilar ( Fg;:
0.5950, D:0.1559). The result of this study may be useful for conservation and utilization of wild genetic resources

of oriental river prawn. [ Journal of Fishery Sciences of China,2010,17(5): 913-921 |
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populations are largely unknown. The numbers of wild
M. nipponense populations declined over the last 20
years mainly because of overexploitation, pollution, and

5] To understand

construction of hydropower projects
the genetic variation of a species is fundamentally
important for genetic enhancement programs that
maximize the benefits of selective breeding and avoide
potential inbreeding and random genetic drift'®’. And
information of genetic variation is vital for design and
implementation of adequate management strategies for
a species[ﬂ. Furthermore, in order to relieve pressure
on wild stock and improve industry products through
selective breeding, developing a domestication program
for M. nipponnense is important, which requires baseline
information concerning genetic background and genetic
variations.

Inter-Simple Sequence Repeats (ISSR) amplifies
inter-microsatellite sequences at multiple loci throughout

[ 8-

the genome *)_ISSR molecular marker technique

permits the detection of polymorphism in microsatellite

and intermicrosatellite loci without knowledge of DNA
sequences“()]. This technique has been widely used
to investigate genetic diversity and population genetic

[11-12]

structure , due to its advantages in overcoming

limitations of allozyme and RAPD techniques““‘ﬂ.
ISSR has been widely used in plant, vertebrate' "' and
terrestrial invertebrate researches ' *?*’. This study is to
determine the genetic variations among five populations

of M. nipponense and provide preliminary information for

potential selective breeding program of this species.
1 Materials and methods

1.1 Prawn samples

Totally 60 individuals of M. nipponense were
collected from Tai Lake of Jiangsu Province (JS), Poyang
Lake of Jiangxi Province (NC), Nanman River of Yunnan
Province (YN), Yangtze River of Hubei Province (HB)
and Bositeng Lake of Xinjiang Uygur Autonomous
Region (XJ) (Tab.1). Samples were preserved in 75%

ethanol until DNA was isolated for genetic analysis.

Tab.1 Information of five Macrobrachium nipponense populations for ISSR analysis

®1 BRBESMHIBHARERME

Population Code  Sample size

fE NS Rk

Locality
RAEH

Latitude and longitude
2k

Jiangsu JS 12
Nanchang ~ NC 12
Yunnan YN 11
Hubei HB 13
Xinjiang XJ 12

Tai Lake, Suzhou, Jiangsu Province
Poyang Lake, Nanchang, Jiangxi Province
Nanman River, Xishuangbanna, Yunnan Province
Yangize River, Yidu, Hubei Province

Bositeng Lake , Bohu, Xinjiang Uygur Autonomous Region

31°10'N 120°38'E
20°22'N 116°20'E
21°10'N 100°40"E
30°38'N 111°45'E
42°10'N 86°50'E

1.2 DNA extraction and ISSR PCR

Ventral muscle tissue was dissected and
washed thoroughly with water to clean the ethanol,
then incubated in standard buffer [ 0.06 mmol/L
ethylenediaminetetraacetic acid (EDTA),0.1 mmol/L
Tris,0.5% sodium dodecyl sulfate (SDS) pH 8.6 |
overnight at 37 °C in the presence of Proteinase K. After

buffer incubation, DNA was extracted using standard

phenol/chloroform extraction protocols and concentrated
by column purification. The purified DNA was dried,
dissolved in TE buffer and stored at —20 °C .

Nine inter-simple sequence repeat (ISSR) primers
from the University of British Columbia (ISSR Kit #9)
were used for this study (Tab.2). Primers contained
different di- and tri-nucleotide repeat motifs to screen

different parts of the genome. The PCR reaction
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mixture of 20 uL. volume contained 0.8 units of Taq
DNA polymerase, 1 xreaction buffer,2 mmol/L. MgCl,,
0.2 mol/L. primer,200 umol/L of each dNTP, and up
to 30 ng of genomic DNA. The PCR cycling included a
pre-denaturing step for 7 min at 94 “C and 45 cycles of
30s at 94 C,45s at 50 °C, and 2 min at 72 C and a
final extension of 7 min at 72 “C. For each primer, negative
controls and three replicates were conducted in the
amplifications to determine repeatability.

The PCR products were separated by electrophoresis

using 1.5% agarose gel in 0.5xTBE buffer. After
electrophoresis at 60 V for 2 h , gels were stained with
0.5 pg/mL ethidium bromide and photographed under
ultraviolet light. One hundred base pair DNA ladders
(100 bp ladder, Dongsheng Biotech Ltd.) were used as
markers to estimate the size of amplified products. Only
bands that appeared consistently in all three replicates were
scored and used for genetic analysis, while weak bands were

not considered for analysis.

Tab.2 Primers used in ISSR analysis of Macrobrachium nipponense and number of reproducible bands

R2 AHATERABIAN ST IEETE

Primer name

Sequence (5" —3")

Number of fragment

Fk7iwss (5" —3") P A AL
ISSR 1 GTCGTCGTCGTCGTCGTC 8
ISSR 2 GTGCGTGCGTGCGTGE 15
ISSR 3 ACCACCACCACCACC 12
ISSR 4 ACACACACACACACACC 20
ISSR 5 GAGAGAGAGAGAGAGAYT 18
ISSR 6 AGAGAGAGAGAGAGAGYT 7
ISSR 7 TGTGTGTGTGTGTGTGRG 24
ISSR 8 GAGAGAGAGAGAGAGAC 23
ISSR 9 AGAGAGAGAGAGAGAGG 15

1.3 Data analysis

Each ISSR band was treated as a character and was
scored as present (1) or absent (0) for each DNA sample
by Crosscheck software' 2. The data were transformed
into 0/1 binary character matrix. The data matrix of
ISSR was analyzed using POPGENE version 1.31"*"
to estimate the percentage of polymorphic loci (PPL),
observed number of alleles per locus (N,), effective
number of alleles per locus (N,), Shannon’ s information
index (/) and Nei’ s gene diversity index (H) (Tab. 3).
At species level, total population gene diversity (Hy),
coefficient of gene differentiation [ Gg: Goy=(H—H)/
H, ] and the level of gene flow [ N,;: N,= 0.5 (1—Gg;)
/G ] were measured using Nei’ s gene diversity

[

statistics . Genetic diversity was also estimated using

[

. . 26
Shannon’ s information measure' ', The parameters

include average diversity within populations (H,,,)
and total diversity (H_,). The analysis of molecular
variance (AMOVA) '?" vas performed to partition total
phenotypic variance into variance within populations
and among populations by using ARLEQUIN software

To examine the genetic relationship among
populations, a dendrogram was generated from the above

matrix using unweighted pair group method with arithmetical

averages (UPGMA) " \yith MEGA (version 3.1) /.
2 Results and analysis

2.1 Genetic variability of five populations
Nine ISSR primers generated 142 bands across the

five populations investigated. Length of the fragment
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was 300-3 000 base pairs (bps). The average number
of bands generated by individual primers varied from
7 to 24 (Tab. 2). At species level, the percentage of
polymorphic loci (PPL), observed number of alleles
per locus (N,), effective number of alleles per locus
(N.), Nei’ s gene diversity index (H) and Shannon’ s
information index (I) were 97.18%,1.972,0.312,0.120
and 0.323, respectively. The percentage of polymorphic
loci (PPL) for a single population varied from 29.58% for
the Hubei population (HB) to 61.97% for the Nanchang
(NC) population (Tab.3). The observed numbers of

alleles per locus (NV,) ranged from 1.296+0.458 to
1.620£0.487. Similarly, the effective number of alleles
varied from 1.165+0.301 to 1.281+0.340. Nei’ s
gene diversity ranged from 0.098 to 0.172. The average

Shannon’ s index was 0.135+0.013 at population level
(H, ) and 0.323 at species level (H,

pop sp

). Among the five
populations, population NC exhibits the highest level
of variability (PPL: 61.97%, N,:1.620, N,:1.281, H:
0.172, 1:0.267), whereas the population HB exhibits
the lowest level of variability (PPL: 29.58%, N,: 1.296,
N,:1.165, H:0.098, 1:0.147).

Tab.3 Population genetic parameters of five Macrobrachium nipponense populations

®3 BHARBIRSBEENREESEESY

Population PPL N, N, H I
LN ZEOMETNRI%  FOIEREC AEEOENEL Nei’ sEEIZAEMEAER  Shannon” s {7 EHEL
IS 45.77 1.4584+0.500 1.254+0.356 0.149+0.192 0.225+0.275
XJ 45.77 1.45840.500 1.209+0.316 0.128+0.173 0.200+0.252
NC 61.97 1.620+0.487 1.28140.340 0.17240.184 0.267+0.260
HB 29.58 1.296+0.458 1.165+0.301 0.098+0.170 0.147+0.248
YN 38.03 1.380+0.487 1.223+0.350 0.129+0.189 0.194+0.271

Note: PPL—percentage of polymorphic loci; N,—observed number of alleles per locus; N,~the effective number of alleles per locus; H-Nei’ s gene

diversity; /-Shannon’ s information index.

2.2 Genetic divergence in five populations

The total genetic diversity (H,) and within-population
genetic diversity (H_) were 0.201 and 0.135. The
coefficient of genetic differentiation between populations
(G) was 0.327 which was estimated by partitioning total
gene diversity (0.201). The level of gene flow (V,,) was

estimated to be 1.029 among populations.

Molecular variance within and among M. nipponense
populations was analyzed with AMOVA (Tab.4).
Significance tests after 1 000 permutations. There were
highly significant (P <0.001) genetic differences among
the five M. nipponense populations. Of the total genetic
diversity,38.59% was from among-populations and the

rest (61.41%) from within-population.

Tab.4 Analysis of molecular variance (AMOVA ) within and among Macrobrachium nipponense populations

®4 SPHARBHFES FERONER

Source of variation df Variance component Total variance p
i 28 SRR FIH1EE A SV S
Among populations -
BEOK ] 4 6.87080 38.59 0.001
Within population
N 43 10.93605 61.41 <0.001
RN

Note: df-Degree of freedom. Significance tests after 1 000 permutations.

e df- FHEE; 281000 AL E A A DI AR S5 20 53 b 25 1k
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2.3 Phylogenetic analysis result

Fixation index (Fg;) and genetic distance (D, Nei’ s
measure) between pairs of populations is presented in Tab. 5.
These data suggested that among the five populations,
Xinjiang population (XJ) and Jiangsu population (JS) were
most similar (Fg:0.192 3 ;D:0.054 2), while Xinjiang

population (XJ) and Yunnan population (YN) were most

dissimilar (Fg;: 0.5950 3 D:0.1559).

The dendrogram produced by UPGMA based
on genetic distance matrices for all the populations is
presented in Fig. 1. Two main clusters were identified.
The first cluster consists of two populations from Jiangsu
and Xinjiang, and the second is composed of three

populations from Nanchang, Hubei and Yunnan .

Tab. 5 Fixation index ( Fg; )( blow diagonal ) and genetic distance ( above diagonal ) in five populations of
Macrobrachium nipponense

x5 HABMBEERBEES LIRS ( HHEUT ) EEES ( MALUL)

Population #fA JS XJ NC HB YN
JS 0.0542 0.0751 0.1387 0.1557
XJ 0.1923 0.0768 0.1350 0.1559
NC 0.1996 0.1904 0.0571 0.0594
HB 0.5035 0.5087 0.2169 0.0912
YN 0.4757 0.5950 0.2522 0.4361
Note: Population codes are given in tab.1.
T FERSR 1
NC
HB
YN
IS
XJ

A
0.01

Fig. 1 UPGMA dendrogram of Macrobrachium nipponense based on Nei’ s (1978) genetic distances between populations

Population codes are gieven in tab.1.
Bl HATHERE UPGMA R[]
REHRAC SRR L

3 Discussion

Oriental river prawn is one of the few
Macrobrachium species that has temperate distribution
and is capable to reproduce naturally in most Chinese
regions. And for this, over the past 20 years it has been a
commercially important aquaculture species. However,
the farming production has substantially declined due
to diseases and small sizes . It is urgent to know the

genetic background of the species.

Compared with other PCR-based genetic
markers, ISSR has many advantages such as quick,
easy to handle, highly reproducible and polymorphic,
and requiring no prior genome sequence information.
The present study provided the first ISSR data for M.
nipponense populations in China. Our results provided
clear evidence for the reliability and usefulness of
ISSR markers in defining population genetic structure.

The nine primers generated total of 142 bands for the
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five populations, corresponding to an average of 15.8
bands per primer. All those bands were reproducible.
Within each population,29.58%-61.97% of the
fragments were polymorphic. Jiang et al'" investigated
the genetic diversity of M. nipponense from Anhui and
Jiangsu Province. Sixteen random primers generated
173 reproducible RAPD bands for 120 individuals,
corresponding to 10.8 bands per primers. The
percentage of polymorphic loci (PPL) was 43.4%. Li
et al' ™’ studied the genetic variation of M. rosenbergii
between a cultured population of Zhejiang Province and
a natural population collected from Burma using RAPD
method. 139 RAPD bands were detected by 22 random
primers, corresponding to 6.3 bands per primer. The
PPL of the cultured and the natural population were
30.22% and 33.81%, respectively. Compared with their
results, the present research obained more reproducible
bands per primer and higher percentage of polymorphic
loci. Therefore, ISSR markers exhibit higher levels of
polymorphism compared with RAPD markers, which
suggests ISSR is a powerful technique in clarifying
genetic differentiation among M. nipponense populations.

The coefficient of genetic differentiation between
population (Ggp) was 0.327 as estimated by partitioning
of the total gene diversity (0.201), which indicated
that the populations are in the verge of genetic
differentiation as they have accumulated about 32.7%
genetic variability among themselves. Govindajarumﬂ
distinguished three levels of gene flow: high N, >1,
intermediate 0.25 </, <0.99 and low N, A<0.25. The
value found here (V,,=1.029) was therefore high, which
was due to the high dispersal ability of this prawn and
sampling locality of this study.

Among the five populations, population NC exhibits
the highest level of variability (PPB:61.97%, N,:

1.620, N.: 1.281, H:0.172, I: 0.267) . Samples of NC

population were collected from Poyang Lake of Jiangxi

Province. It receives water from five rivers of Gan River,
Fu River, Xing River, Rao River and Xiu River, and is
also connected to the Yangize River **'. The maintenance
of genetic polymorphism in nature populations can
reflect the process of adaptation to environmental
heterogeneity[35]. The high polymorphism may suggest
sufficient migration among populations of different river
systems, and have important implications in conservation
as well as utilization of wild genetic diversity.

Jiangsu (JS) and Xinjiang (XJ) populations have
lower polymorphism than Nanchang (NC) population.
The percentages of polymorphic loci (PPL) of Jiangsu (JS)
and Xinjiang (XJ) population were both 45.77%. And
the observed numbers of alleles per locus (V,) were both
1.458. The above genetic parameters showed the genetic
structures of these two populations are very similar.
Among the five populations, the Fg; and genetic distance
between Xinjiang and Jiangsu population (Fg:0.192 3,
D:0.054 2) indicated that they are genetically most
similar. M. nipponense were introduced and cultured in
Bohu County of Xinjiang Uygur Autonomous Region from
Shanghai in 1991, but the reliable information about M.
nipponense of Xinjiang (XJ) population is not clear. Based
on the results, it can be speculated that Jiangsu (JS) and
Xinjiang (XJ) population may have similar polymorphism.
Xinjiang (XJ) and Jiangsu (JS) populations formed a
clade, which indicated Xinjiang (XJ) population may
come from Tai Lake. If this speculation is correct, they
would have the same genetic origin.

This study represented the first application of ISSR to
freshwater prawns M. nipponense. The results revealed ISSR
is a suitable, quick, easy to apply, highly reproducible
and polymorphous tool for screening genetic variation in
population. The pattern of genetic diversity observed in the
oriental river prawn in this study can be used as baseline
information for protection and management of population

and selective breeding programs.
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H A A E & 2 %R ISSR 5347

AR SR B B, R AR, K Ear
(LAERITE AR E A arBlaE 4B, 1 200062 ; 2. K IE R 2A A MR A S H AR AR, T T KIE 116023 ; 3. A K 22K =25
g, 7K A= PR RAIZH , TR AL36849, SE[E )

FEZE: HAYHIF (Macrobrachium nipponense )i FEl AT E B T~ 2 BE MM (EES I —Fh B SRR K MRS . Bl FRAE B AT K,
Wl R SRR R B ST L S e T AT L. (RYE4 R 1k, FRFH I H ATRER AR [ R 2 R Gt (L0 & I BF AR AR, Thi 37
B 11 ™ R FRAS ol T R ™ B SR B H A TR RSB Ml B R i o 5 B A AR (st A 45 K s %
1k, 48 Hat A MR e A BRAA R PA A BROR IS A T AL AL . ISSR (Inter-simple sequence repeats , (] S5 & )37 51
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0.312.0.120 f10.323,  MZEREA K I, 5 A BB RA IR 2 3500 55 H 4358 29.58% ~ 61.97% 5 S5 FEFEL (NV,) 24 1.296 ~ 1.620 ;
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