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Tab.1 Molecular diversity indices for S. ommaturus in this study
FE X FHH Kt 58an
D-loop Dandong Tianjin total
MA%L number of individuals 20 18 38
A sequence length 478 bp 478 bp 478 bp
AR S A3 /5, variable sites 14 7 18
3/ Hii# transitions/ transversions 13/1 7/0 17/1
10 7 16
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W FRZ KLY nucleotide diversity
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T 195 7 31) L 58 14 - 249 3k 2% 7% mean pairwise nucleotide differences

0.006 3 £0.003 8
0.889 5 +0.050 8
3.000 0+1.634 3

0.003 7x0.002 5
0.764 7x0.073 5
1.7778 £1.07 83

0.005 9 £0.003 5
0.889 0 £0.032 5
2.813 7+1.518 4
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Fig.1 Neighbor-Joining tree for control
region haplotypes
Bootstrap supports of >60% in 1 000 replicates are shown.
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Fig.2 The mismatch distributions for the control
region haplotypes in S. ommaturus
The bars are observed pairwise differences and the solid line is
the expected mismatch distributions under the sudden expansion

model.

3 e

PIrp gL 2 A R K R i, R
HEAEIE N AR S RITAR " sk f 2 RE
7o g e 17 S e X A A A 1 3 Y
AR 5 [, AT ARt 2 22 R 1 49y ol )
AR D) Z BIRGARACHE  PIx PrphistL 2
FEVERIBIETE, B T AT AR FE Pk i A s s, o ml
VAR 53 A0 0 1) EA TS 3 ARSI A o 4 e sl 1 2
HEEOKE . 5EMFMREN IR,



324 Koo

S ¢

35 4

DRI URpE 1 I PHAR B A B 2 R B AL T h 45
Ko AVISE 551 YNy o A AR B RUBE 2 44k 4
Y KT8t 4% Z AR R A, R, 55 SONG
SRR F ) 28 T H A, I 1 2 0 T O BE
JFE S M PR A BAE I B IUIR U A2 AR W

X355 R (IS BRAK S W A i) DA A 48 B
PEALE SRR , AT LASR S b o3 A7 0 P 2
HBEHLASFCHE AR (S S, I A i BRELS,
AT 25 B R () 3 B A 57 LA 2R B ™
BEFR . LGN, RIS i T
ANAFAE W S 1 0 B R e L B T3P B X Vg £ 288
G A I SAAR (0 i 6 VR P, TR S A
T AE S 3 s A Sl ) HLIT AR R X 22 1 T
RN R G 2E 5T R W R T 508
S5 PRI 5 B T LA R Ay T R S S U 1Y B R, A
368 B HG W 25 0 A AR 3t 4% 254, 40 4R £ ( Chelon
haematocheilus) . [ U fi ( Pennahia argentata )
SR BT B R AT A B P AR TR RN K R A 1Y
AL IR R For 0 0. 239 5, R BIHER Z (8]
FAE BRI L o0tk #3iX — 45 2R 5 SONG
SELOTREBE R AR R £ 10 SRR 1AL 2 5T
SERAH LI, PEARBEAFI R AR AR IR B AR
B s AL AR X B, 3 — 25 R 3R W B e 22 AR
SR A A BAR B — & Y ERE T BAESER
FEACI R R A Z [], B S AP AR SR B, LA T
HHERE A AL . X — 45 e im AT, 78
Xof BE R A2 M B A R A A5 BT, A BEKE HL A o — A
B A ORI, T L IE LA B A A
S AR AR 22 ) 5 R A8 i ) R, 5 B T g — 2D 1Y
W5,

SO T ) 2 A A X AR Z2 Wb 4 53
CTFN b9 SN0} A TN 321 S T
R T 120 ~ 140 m, i A v o i 22 IX o PR ¥ - i
I R A Bl b, B R A M £ 7 L 0 A7 5
AT RE YL 4t , H 70 UK 0 1) e X i A il 3%
B T Bt TR KA 1 I [l T R T BT, B
S MR PR A RT R FR K b e T K AR B Bk 4
R IRAN LR 4315 B BLIAESR RY 1 7R B 2 5 B 12 £
FREZE T T A R BRI sk, b PR A 0 1) 45
R LR —4518 . BERE AR R R A REHAY 7k
HAF BB RIFE 52 400 ~ 104900 J3 4F i, X —Hif 1]
A0 T W ST T VKD, E Ot AT AR , SR T O Y
A7 A X BRE 2 ST PR L 1) B8R RN A AT RE P AR

i BRI o

B, DU S UE BT A1) 5t A% Z2 AR 1k BIIR A 3
TREA I IS ST vk A B B DI & O
HAER AR A S A LUS , ) 3 VE PR B8 41
FIRI 2 M) o 45 DX R SR 1 0 U S e 4t 110 i

S 3k

(1] JROREE A hE R RGE AR (M. Jbat B
2F A, 1987 1429 —436.

(2] BRI, fos A BE 2 52 R % £ 2R ) 2 (R 400 20 ] A
[J]. ah¥2¢ 248 ,1978,1 .12 - 15.

(3] EwR, B/ RREIFR ARG aEursET].
EVERLF,1994 4,47 - 50.

(4] EHIE R, DR, 5 7 R UF IR M SIS
FRABI IR T[T ], R K= 24, 2007, 4 (22)
306 —310.

(5] FhiEse, PR [, 55| . BE R &2 0F 0% 0 i i 5
PRI ] AR, 1996,23(3) :99 —107

[6] SONG N,ZHANG X M,SUN X F, et al. Population
genetic structure and larval dispersal potential of
spottedtail goby Synechogobius ommaturus of the
Northwest Pacific[ J]. Journal of Fish Biology,2010,
77(2) :388 —402.

[ 7] ENGLBRECHT C C, FREYHOF J, NOLTE A,
et al. Phylogeography of the bullhead Cottus gobio
( Pisces: Teleostei; Cottidae ) suggests a pre-
Pleistocene origin of the major central European
populations [ J ]. Molecular Ecology, 2000, 9 (6):
709 —722.

[ 8] WHITEHEAD A, ANDERSON S L, KUIVILA K
M, et al. Genetic variation among interconnected
populations of Catostomus occidentalis ;. implications
for distinguishing impacts of contaminants from
biogeographical structuring [ J ]. Molecular Ecology,
2003,12(10) :2817 —2833.

[9] MEYER A. Evolution of mitochondrial DNA in
fishes[ M ] / HOCHACHKA P W ,MOMMSEN T P
eds. Biochemistry and Molecular Biology of Fishes,
Amsterdam ; Elsevier,1993 ;1 —38.

[10] CANN R, BROWN W, WILSON A. Polymorphic
sites and the mechanism of evolution in human
mitochondrial DNA [ J ]. Genetics, 1984, 106 (3) :
479 —499.

[11] BUONNACORSI V P, MCDOWELL J R, Graves J
E. Reconciling patterns of inter-ocean molecular

variance from four classes of molecular markers in



3 1

KB, 45 BER AR R SR8 AL ZRE R LU M 325

[15]

[16]

blue marlin ( Makaira nigricans) [ J]. Molecular
Ecology,2001,10(5) ;1179 —1196.

LIUJ X, GAO T X, YOKOGAWA K, etal.
Differential population structuring and demographic
history of two closely related fish species, Japanese
sea bass( Lateolabrax japonicus)and spotted sea bass
( Lateolabrax maculatus ) in Northwestern Pacific
[J]. Molecular Phylogenetics and Evolution, 2006,
39(3):799 -811.

LIUJ X,GAO T X, ZHUANG Z M, et al. Late
Pleistocene divergence and subsequent population
expansion of two closely related fish species,
Japanese anchovy ( Engraulis japonicus ) and
Australian anchovy ( Engraulis australis ) [ J].
Molecular Phylogenetics and Evolution, 2006, 40
(3):712 —723.

XIAO Y S,ZHANG Y, GAO T X, et al. Genetic
diversity in the mtDNA control region and population
structure in the small yellow croaker Larimichthys
polyactis [ J]. Environmental Biology of Fishes,
2009,85(4) ;303 —314.

ROCHA L A,BASS A L,ROBERTSON D R, et al.

Adult habitat preferences, larval dispersal, and the

comparative phylogeography of three Atlantic
surgeonfishes ( Teleostei; Acanthuridae ) [ J ].
Molecular Ecology,2002,11(2) ;243 —252.

AVISE J C. Phylogeography: the history and

formation of species [ M |. Cambridge: Harvard
University Press,2000.

HEWITT G M. The genetic legacy of the Quaternary
ice ages[ J]. Nature ,2000,405(6789) ;907 —913.
IMBRIE J,BOYLE E A,CLEMENS S C, et al. On
the structure and origin of major glaciation cycles,1.
Linear responses to Milankovitch forcing [ J ].

Paleoceanography,1992,7(6) :701 —738.

[19]

SOLTIS P S, SOLTIS D E. Genetic variation in
endemic and widespread plant species examples from
Saxifragaceae and Polystichum [ J]. Aliso, 1991, 13
(1):215 -223.

HUENNEKE L F. Ecological implications of genetic
variation in plant populations [ M] // FALK D A,
HOLSINGER K E,eds. Genetics and conservation of
rare plants. New York: Oxford University Press,
1991 .31 —44.

AVISE J C, ARNOLD J, BALL R M, etal.
Intraspecific phylogeography ;the mitochondrial DNA
bridge between population genetics and systematics
[J]. Annual Review of Ecology and Systematics,
1987,18.489 —522.

WAPLES R S. Separating wheat from the chaff:
patterns of genetic differentiation in high gene flow
species [ J ]. Journal of Heredity, 1998 (5), 89;
438 —450.

XIAOY S, GAO T X, ZHANG Y,

Demographic history and population structure of

et al.

blackfin flounder ( Glyptocephalus stelleri) in Japan
revealed by mitochondrial control region sequences
[J]. Biochemical Genetics, 2010, 48 (5 — 6):
402 -417.

LIUJ X,GAO T X, WU S F, et al. Pleistocene
isolation in the Northwestern Pacific marginal seas
and limited dispersal in a marine fish, Chelon
haematocheilus ( Temminck & Schlegel, 1845) [ J].
Molecular Ecology,2007,16(2) ;275 —288.

HAN Z Q, GAO T X, YANAGIMOTO T, et al.
Deep phylogeographic break among white croaker
Pennahia argentata ( Sciaenidae, Perciformes )
populations in Northwestern Pacific [ J ].
Science 2008 ,74(4) :770 — 780.

Fishery



326 Ko ¥R 35 &

Comparative analysis of genetic diversity of Synechogobius ommaturus
based on the mitochondrial DNA control region

SONG Na', SONG Lin*, GAO Tian-xiang'“ , SUN Xi-fu’
(1. College of Fisheries,Ocean University of China ,Qingdao 266003, China
2. Experimental Center ,Eastern Liaoning University ,Dandong 118001 , China;
3. Bureau of Fishery and Fishing Harbor Supervision of Nangjing ,Nangjing 210036, China)

Abstract: The spottedtail goby, Synechogobius ommaturus ( Richardson ) is a large, commercially important,
benthic fish in the family Gobiidae,which inhabits Asian inshore waters of the Northwestern Pacific,from Japan
and China to Indonesia. With the development of fishery resource,S. ommaturus is becoming an important marine
food and will face higher fishing pressure. It is,therefore, very important to investigate the genetic variance and
population structure of this species in order to provide the background information for the management of the
species. Until now studies on S. ommaturus mainly focused on the biology and chromosome,and there are no
genetic investigations for this fish. In the present study, genetic diversity of S. ommaturus and genetic
differentiation between two geographical populations were analyzed. A 478 base pair (bp) fragment of the
hypervariable portion of the mtDNA control region was sequenced and sequences were edited and aligned by DNA
Star software. Genetic diversity indices such as number of haplotypes ,polymorphic sites, transitions , transversions,,
indels ,haplotype diversity ,nucleotide diversity and the mean number of pair-wise differences were obtained using
the program Arlequin version 3. 0. A Neighbour-Joining (NJ)tree of the control region haplotypes was constructed
using MEGA 3.0 and evaluated with 1 000 bootstrap replicates,and Acanthogobius flavimanus was served as the
out-group. Genetic differentiation between two populations was evaluated with the pairwise fixation index Fg; by
Arlequin version 3. 0. Historical demography of S. ommaturus was examined by neutrality tests and mismatch
distribution analysis. The results of present study showed that haplotype diversity (0. 006 3 £0.003 8) ,nucleotide
diversity(0.889 5 +0. 050 8) and the mean number of pairwise differences (3. 000 0 +1. 634 3) of Dandong
population were higher than those of Tianjin population. The topology of the NJ tree rooted with the out-group A.
Sflavimanus was shallow ,and there were no significant genealogical branches or clusters corresponding to sampling
localities. The pairwise fixation index Fg;(0.239 5)revealed significant genetic differentiation between these two
populations. The exact test of population differentiation ( non-differentiation exact P values ) following sequential
Boferroni correction showed significant differences ( P < 0. 01 ) among two populations, which rejected null
hypothesis. Both mismatch distribution analysis and neutrality tests showed that S. ommaturus has experienced a
recent population expansion. The observed value of the age expansion parameter(7)was 2. 508 and the time since
population expansion was estimated to be 52 400 —104 900 years ago. During the glacial period,with the decline in
sea level ,most of the Chinese continental shelf was exposed and the distribution of S. ommaturus would have been
displaced to the south. These surviving individuals may have recloned north with the rise in temperature. The
results suggested that the Pleistocene ice ages had a major effect on the present genetic structure of S. ommaturus.
Apart from historical events, environmental factors were believed to be the important factors for shaping the
contemporary phylogeographic pattern of S. ommaturus and there are some barriers to prevent gene flow between
Dandong and Tianjin populations.

Key words: Synechogobius ommaturus; control region; genetic structure; genetic diversity ; demographic history

Corresponding author; GAO Tian-xiang. E-mail ; gaozhang @ ouc. edu. cn



