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8 1 4 (Ts), 1 F 2 KYIER I EA MK
Tab. 2 Nucleotide compositions of mtDNA control region in
(Tv), (Ts/Tv) 8.27 fifg Leiocassis longirostris
, 69 35 ( Populations T C A G
4.43%) 24 Meishan 31.6 252 29.1 14.1
10 , 1 5 Shishou 31.5 25.2 29.1 14.2
(TS), 1 (TV), (TS/TV) Huainan 31.5 25.3 29.0 14.2
9.80 % 135 Average 31.6 25.2 29.0 14.2
Chongqing 31.5 25.3 29.1 14.1
42 , 28,
Wuhan 31.5 25.3 29.1 14.1
12 > 2 ( 1) % Angqing 31.5 25.3 29.0 14.2
( 2), G Nanjing 315 253 29.1 14.1
, A+T (60.6%) Average 31.5 25.3 29.1 14.1
C+G (39.4%)
2.2 (26 H-14
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1) 1 , 5 , 135 )
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cence theory), Fig. 1 The statistical parsimony network inferred from mtDNA control region haplotypes

The area of circle or square is proportional to the number of observed individuals. Black dots represent puta-
tive mutational steps between haplotypes
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2.3
DnaSP 4. 0 , L
(Hd) (K) (AMOVA)
(Pi) 3 ) s 4 , fg
Hd , K (96.42%)), 3.21%) ( 5),
Pi , 7
3 (Fs0) ,
(Hd =0.8867+0.0013, Pi =0.0056+ (F«=0.1125),
0.0013) (Fst =
2.4 0.0014), i
>
, MAGA 3.0 Tamura-Nei ( 4)
( 4 , Arlequin 3.1
F3 KUMET MEREESHERTSE
Tab.3 Demographic parameters estimated from seven Leiocassis longirostris populations
Populations Hd K Pi
Meishan 0.8972+0.0361 4.8854 0.0064+0.0013
Shishou 0.8580+0.0570 4.3500 0.0049+0.0021
Huainan 0.9048+0.0260 4.9444 0.0056+0.0011
Average 0.8867+0.0013 4.7266 0.0056+0.0013
Chongqing 0.9470+0.0320 6.5580 0.0083+0.0008
Wuhan 0.9810+0.0310 6.1520 0.0078+0.0007
Anqing 0.9170+0.0420 3.9580 0.0050+0.0006
Nanjing 0.9430+0.0540 4.2860 0.0054+0.0007
Average 0.9736+0.0070 5.3030 0.0087+0.0015
x4 KUYMEREREMBESUERETAMEREB®ELA)
Tab. 4 Fixation Index (F) (below) and genetic distance (above) in three populations of Leiocassis longirostris
Populations Meishan Shishou Huainan Chongqing Wuhan Angqing Nanjing
Meishan — 0.006 0.006 0.007 0.007 0.006 0.006
Shishou 0.1024 — 0.005 0.007 0.007 0.006 0.006
Huainan 0.0391 0.0991 — 0.007 0.007 0.006 0.006
Chongging 0.0600 0.0909 0.0654 — 0.008 0.007 0.007
Wuhan 0.0195 0.0691 0.0358 0.0086 — 0.007 0.007
Angqing 0.0683 0.1125 0.0514 0.0551 0.0014 — 0.006
Nanjing 0.0335 0.0660 0.0036 0.0335 0.0016 0.0277 —
x5 KMEHAS TESSMER

Tab. 5 Analysis of molecular variance (AMOVA) for the Leiocassis longirostris populations

Source of variation

Degrees of freedom

Variance components Percentage of variance

Among regions
Among populations with regions
Within populations
Total

1
5
128
134

0.0092 0.37
0.0798 3.21
2.3942 96.42
2.4831 100




96

37

2.5
MEGA 4.0
NJ

F«=0.0358 N, =13.47

fifg

( 2 2 3

Hap 18

Hap 17

Hap 19

Hap 22

Hap 21

Hap 20

Hap 26
Hap 25

Hap 23
Hap 24

60

Hap 27

Hap 28

Hap 29

Hap 33
Hap 34

Hap 32

53

Hap 30

Hap 31

Hap 37

Hap 11

Hap 36

Hap 38
— Hap 12

66L———Hap 13

Hap 35
55— Hap 39

L Hap 40
Hap 10

—Hap 8

51— Hap 9
Hap 14

Hap 15

50 Hap 16

Hap 5

Hap 7
Hap 6

95

Hap 4

64

Hap 3
51 Hap 1
75— Hap 2

— Hap 41

93— Hap 42

Hap 46

2 fg

Fig. 2 NIJ tree based on the control region of 7 populations of

Leiocassis longirostris

97

I Hap 43
57 Hap 45

NJ

(P

) fifg 66

0.0013) ,

17

81.48% 44.44%

>

Wang, et al.?”)

, 27,

,36 fifg

(Hd=0.8867+0.0013, Pi=0.0057+
3
22
12 ,

>

62.96%

i PCR-RFLP , fifs

B

[28,29]

SSR
ifg

B

Yang, et al.

B

[30]

, i
(Hd=0.9770+

0.0041, Pi=0.0081+0.0043) ,

fifg

Pi fifs

fifs

Hd

[31]

Hd



97

3.2 fifs
fifs D-loop s
(A+T) 60.6%, (C+G) ,
(A+T)
[18]
[32]
IN D
D 0—0.05;
0.02—0.28% ,3
0.005—0.006,
(0.005),
0.006 4
0.006—0.008,
(0.008), s
57 (Fs)
(F4=0.1125),
(F«=0.0014), s
, fifs
F=0.0358
Wright 1%
, Fy 0—0.05 , Fy
0.05—0.15 , fifs
, s
Wright!*!
1, ,
1,
, i N,
13.47, 1,
s
, 20 ,

[36]

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(371 i

He X F, SuL D, Zhou G R, et al. Study on domestication and
reproduction test of Leiocassis longirostris [J]. Freshwater
Fisheries, 1985, (1): 14—17 [ R s , .
s ) , 1985, (1): 14—
17]
Fang J Q. Collection and domestication of Leiocassis lon-
girostris from the Yangtze River [J]. Scientific Fish Farming,
1999, (7): 19 [ : ifs

, 1999, (7): 19]

Liu J K, He B W. The Chinese Freshwater Fisheries Science
(third edition) [M]. Beijing: Science and Technology Press.
1992, 304 [ , . (

). : . 1992, 304]
Gong J H. Test on cage culture wild Leiocassis longirostris
in reservoir [J]. Reservoir Fisheries, 2006, 26(1): 54 [

o . , 2006, 26(1):
54]
Wu Q J. Population ecology of Leiocassis longirostris (Gun-
ther) (Pisces, Bagridae) with reference to the problem of
maximum sustained yield [J]. Acta Hydrobiologica Sinica,
1975, 5(3): 387—408 [ . fs

, 1975, 5(3): 387—
408]
Xiao M S, Wan Q. The biology and culture prospect of
Leiocassis longirostris in the Yangtze River [J]. Journal of
Anhui Technical Teachers College, 2001, 15(3): 49—51 [
, . s
,2001, 15(3): 49—51]
Zhang Y Y. Researches and development of Leiocassis
longirostris Gunther [J]. Southwest China Journal of Agri-
cultural Sciences, 1998, S1(11): 134—139 [ . fifs
(Leiocassis longirostris Gunther)
, 1998, S1(11): 134—139]

Mo Y X, Wang X Q, Mo Y L. Morphological and histologi-
cal observations of digestive system in Leiocassis longi-
rostris [J]. Journal of Hunan Agricultural University (Natu-



98 37
ral Sciences), 2004, 30(3): 267—271 [ N s alignment [J]. Briefings in Bioinformatics, 2004, 5: 150—
fg . 163
( ), 2004, 30(3): 267—271] [21] Rozas J, Sanchez-del Barrio J C, Messeguer X, et al. DNA
[91 Luo M, Jiang L K, Liu Y, et al. Comparative study on polymorphism analyses by the coalescent and other methods
isoenzymes in Leiocassis longirostris [J]. Chinese Journal [J]. Bioinformatics, 2003, 19: 2496—2497
of Applied & Environmental Biology, 2000, 6(5): 447—451 [22] Excoffier L, Laval G, Schneider S. Arlequin ver 3.0. An inte-
[ R R , . fifg grated software package for population genetics data analysis
, 2000, 6(5): [J]. Evolutionary Bioinformatics Online, 2005, 1: 47—50
447—451] [23] Clement M, Posada D, Crandall K A. TCS: a computer pro-
[10] Wan Q, Liu E S, Shen D L, et al. Analysis on karyotype of gram to estimate gene genealogies [J]. Molecular Ecology,
Leiocassis longirostris Gunther [J]. Journal of Anhui Agri- 2009, 9: 1657—1660
cultural University, 2002, 29(2): 182—184 [ s , [24] Templeton A K. Crandall K A, Sing C F. A cladistic analysis
, fifs . s of phenotypic associations with haplotypes inferred from re-
2002, 29(2): 182—184] striction endonuclease mapping and DNA sequence data. III.
[11] Xiao M S, Yang G. Isolation and characterization of 17 mi- Cladogram estimation [J]. Genetics, 1992, 132: 619—633
crosatellite loci for the Chinese longsnout catfish Leiocassis [25] Posada D, Crandall K A. Evaluation of methods for detecting
longirostris [J]. Molecular Ecology Resources, 2009, 9(3): recombination from DNA sequences: Computer simulations
1039—1041 [J]. Proceedings of the National Academyof Sciences of the
[12] Yu Y Y, Xiao M S, Chen L, et al. Isolation and charac- United States of America, 2001, 98: 13757—13762
terization of microsatellite loci in the longsnout catfish (Leio- [26] Slatkin M, Hudsun R R. Pairwise comparisons of mitochon-
cassis longirostris) [J]. Aquaculture Research, 2009, 40(2): drial DNA sequences in stable and exponentially growing
246—248 populations [J]. Genetics, 1991, 129: 555—562
[13] Bermingham E, Avise J C. Molecular zoogeography of [27] Wang Z W, ZhouJ F, Ye Y, et al. Genetic structure and low-
freshwater fishes in the southeastern United States [J]. Ge- genetic diversity suggesting the necessity for conservation of
netics, 1986, 113(4): 939—965 the Chinese longsnout catfish Leiocassis longirostris Giinther
[14] Grunwald C, Stabile J, Waldman J R, et al. Population ge- (Pisces: Bagriidae) [J]. Environmental Biology of Fishes,
netics of shortnose sturgeon Acipenser brevirostrum based on 2006, 75: 455—463
mitochondrial DNA control region sequences [J]. Molecular [28] Mo Y X, Wang X Q, Mo Y L. RAPD analysis of genetic
Ecology, 2002, 11(10): 1885—1898 diversity of Leiocassis longirostris [J]. Journal of Jiangxi
[15] Mabuchi K, Senou H, Suzuki T, et al. Discovery of an an- Fisheries Science, 2010, 122(2): 13—16 [ R N
cient lineage of Cyprinus carpio from Lake Biwa, central fif5 RAPD . s
Japan, based on mtDNA sequence data, with reference to 2010, 122(2): 13—16]
possible multiple origins of koi [J]. Journal of Fish Biology, [29] Wang H Y, Huang W Q. Preliminary analysis on the genetic
2005, 66(6): 1516—1528 diversity in four populations of Leiocassis longirostris by
[16] Kyle C J, Wilson C C. Mitochondrial DNA identification of using microsatellite markers [J]. Journal of Henan Agri-
game and harvested freshwater fish species [J]. Forensic cultural Sciences, 2011, 40(2): 146—148 [ ,
Science International, 2007, 166(1): 68—76 fifi4
[17] Teletchea F. Molecular identification methods of fish species: . ,2011,40(2): 146—148]
reassessment and possible applications [J]. Reviews in Fish [30] Yang G, Xiao M S, Yu Y Y, et al. Genetic variation at
Biology and Fisheries, 2009, 19: 265—293 mtDNA and microsatellite loci in Chinese longsnout catfish
[18] Zhang Y, Zhang E, He S P. Studies on the structure of the (Leiocassis longirostris) [J]. Molecular Biology Reports,
control region of the bagridae in China and its phylogentic 2012, 39(4): 4605—4617
significance [J]. Acta Hydrobiologica Sinica, 2003, 27(5): [31]1 Avise J C. Phylogeography the History and Formation of
463—467 [ R s . fi Species [M]. Cambridge, Massachusetts London, England:
DNA , 2003, Harvard University Press. 2000, 213—285
27(5): 463—467] [32] Meng W, Guo Y, Hai S, et al. Genetic structure and diversity
[19] Thompson J D, Gibson T J, Plewniak F, et al. The Clustal X of Schizothorax biddulphi populations [J]. Acta Hydrobi-
windows interface: flexible strategies for multiple sequence ologica Sinica, 2012, 36(5): 851—857 [ , , s
alignment aided by quality analysis tools [J]. Nucleic Acids
Research, 1997, 24: 4876—4882 , 2012, 36(5): 851—857]
[20] Kumar S, Tamura K, Nei M. Mega 3.0: Integrated software [33] Masatoshi N. Molecular Population Genetics and Evolution

for molecular evolutionary genetics analysis and sequence

[M]. Beijing: Agriculture Press. 1975, 121—133 [



. . : . 1975, 32(1): 110—114 [ , , , . ik

121—133] AFLP . ( ),
[34] Wright S. The gentical structure of population [J]. Annals of 2009, 32(1): 110—114]

Eugenics, 1951, 15: 323—334 [37] Yang X, Yang J F, Tang M L, et al. Intraspecific genetic
[35] Wright S. Evolution in Mendelian populations [J]. Genetics, polymorphisms of Siniperca Scherzeri Steindacher and mo-

1931, 16: 97—159 lecular identification with Siniperca chuatis [J]. Acta Hydro-
[36] Han X L, XuJ R, Li X R, et al. Analysis of genetic diversity biologica Sinica, 2007, 31(6): 891—895 [ , s

of Elopichthys bambusa by AFLP Markers [J]. Journal of , .

Nan jing Normal University (Natural Science Edition), 2009, , 2007, 31(6): 891—895]

ANALYSIS ON SEQUENCE POLYMORPHISM OF THE MITOCHONDRIAL DNA
CONTROL REGION AND POPULATION GENETIC DIVERSITY OF THE
CULTIVATED AND NATURAL CHINESE LONGSNOUT CATFISH
(LEIOCASSIS LONGIROSTRIS)

XIAO Ming-Song, CUI Feng, KANG Jian and MA Yu-Han
(College of Life Science Anhui Science and Technology University, Fengyang 233100, China)

Abstract: The Chinese longsnout catfish is a semi-migratory fish which is commercially valuable in China. Due to
overfishing, environmental pollution, and other human disturbances, the populations of this species have declined rap-
idly and disappeared in many river systems in the past decades. Currently, the Chinese longsnout catfish mainly inhabits
the main streams of the Yangtze River and rarely found in lakes. At present, the Chinese longsnout catfish achieved
appropriate scale farming in Sichuan, Guangdong and other places. However, seldom study was reported about analysis
of population genetic structure using molecular markers. To protect and exploit this rare species effectively, investiga-
tions on population structures, resources and artificial reproduction have been conducted. In this study, the mitochon-
drial DNA control region were used to analyze genetic diversity and structure of 7 cultivated and natural populations of
Chinese longsnout catfish collected from Meishan, Shishou, Huainan, Chongqing, Wuhan, Anqing and Nanjing named
Meishan population, Shishou population, Huainan population, Chongqing population, Wuhan population, Anqing popu-
lation and Nanjing population separately. The results showed the length of this region (D-loop) contained 790 bp nu-
cleotides and the T, C, A and G contents were 31.5%, 25.3%, 29.1% and 14.1% respectively. Twenty-seven nucleotide
sites and 18 haplotypes were found in 3 cultivated populations of Chinese longsnout catfish. Thirty-five nucleotide sites
and 36 haplotypes were found in 4 natural populations of Chinese longsnout catfish. The average haplotype diversity
and nucleotide diversity of cultivated populations of Chinese longsnout catfish were relatively low (Hd =0.8867+0.0013,
Pi =0.0056+0.0013). The level of genetic differentiation was relatively low (0.0014—0.1125). Molecular phylogenetic
tree and statistical parsimony network constructed by NJ method and statistical parsimony principles showed individuals
from the same stock did not cluster together, and individuals from three different stocks nested with each other. These
results suggested gene flow was sufficient between breeding populations and wild populations. They had no obviously
genetic differentiation between breeding populations and wild populations. The genetic diversity of the cultivated
populations of Chinese longsnout catfish was low.

Key words: Leiocassis longirostris; mtDNA; Control region; Sequencing



