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Tab.1l List of amplification and sequencing primers
(5'-39
gene primer name primer sequence (5'-3") reference
tRNA-T2 TGCTTGCGGGGCTTTCTA [13]
control region tRNA-T1 CAGAAAAAGGAGACTCTAACTCCT [13]
b L14724 GACTTGAAAAACCACCGTTG [14]
cyt b H15915 CTCCGATCTCCGGATTACAAGAC’ [14]
PCR : informative polymorphic sites);
50 uL, 10x ( Mg™)5 uL, / (TyJT, ratios)
(10 ymol/L) 1 puL, Tag 2.5 U, DNA (100 : Kimura
ng/ulL)2 pL, dNTPs(2.5 mmol/L) (genetic distance); cyt b
b 3 uL 2 pL, 3 DnaSP 4.0
9700 PCR : (7 :
:95°C 5 min; 94 C 30s, (haplotype diversity, h)
55 C 90 s, 72 C 45 s, 30 ; (nucleotide diversity, x),
72 C 10 min b 194
C 4 min; 94 C 45 s, 54 C 45 s, (Neighbor-Joining, NJ)
72°C 1 min, 32 ; 72 °C (Minimum-Evolution, ME) ,
10 min DNA , 2 (Decapterus maruadsi)
1% TBE PCR (GenBank EU131015 EF512291)
DNA ( ) NJ ME MEGA 4.0
, Kimura R
13 (bootstrap)l 000
CLUSTAL X'’
, , ContigExpress Arlequin 3.1 (18]
MEGA 4.0 (el (AMOVA)
(base composition) (Fg), 1 000
(variable sites) (parsimony Fu’s F"”)
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(mismatch distribu- 2.1.2 b cyt b 930 bp
tion)2% , cyt b 40~969 bp
=2ut , u 37 (4.0%),
)t 26 (2.8%),
[21] , eyt b 11 (1.2%) 37
3%~10%/MY (million 3,
year)?  2.5%/ MY !, 1 @ 330 bp 1
) , 2.4%
, TJ/T,=9.34 AT
21 C G , A-G(47.28%)
211 T-C(43.37%), A—C(2.73%) A-T(2.38%)
, 861~866 bp C-G(2.29%) T-G(1.94%) A T G C
(GenBank HM212543-HM212595) 23.9% 27.0% 14.6% 34.5%,
66 ; A+T (50.9%) G+C (49.1%),
44 G 41 cyth
1 bp 300 bp , 25 (GenBank
75.6% 5 / HM212596-HM212620), 4
, Ty/T,=4.573, ( 2)
A T C G 292 b
, A-G T-C, A-C A-T eyt b 2
CG T-G A T G C cyt b , 1
31.2% 31.2% 15.8% 21.8%, A+T , ,
(62.4%) G+C (37.4%), cyt b
AT G 60 3
, 53 , 2 ( 3), 1 )
3, T G ; 3 G
( 2 , C cyth
R2 MELEAKR. DEEAMNEES N
Tab.2 Geneticdiversity in Mindong and Minnan populations of Trachurus japonicus
genetic diversity index
gene SS SM HN h+SD MS PIS IDS 7+SD/%
MD 30 27 0.986+0.016 50 22 2 1.050+0.068
control MN 30 29 0.998+0.009 56 29 4 1.133+0.061
region Total 60 53 0.993+0.006 66 44 5 1.093+0.048
b MD 21 13 0.905+0.047 23 3 1 0.331+0.053
cyth MN 20 16 0.974+0.025 22 6 0 0.339+0.039
Total 41 25 0.937+0.025 37 11 1 0.336+0.034
. SS- ; SM- ; HN- s h— s T ; SD- ; MS-— ; PIS-
IDS-

Note: SS—source of sample, SM—-sample number, HN-haplotye number, #-haplotype diversity, z—nucleotide diversity, SD—standard deviation,

MS-mutant site, PIS-parsimony informative site, IDS—insert or deletion site.
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Tab.3 Nucleotide frequencies for different codon positions >
of cytochrome b gene
%
codon position 24 2
base 1 2 3 AMOVA , cyt
first position  second position third position
T 23.2 39.0 18.7 b (FSt) 0.004 98
C 28.1 27.1 48.4 0.003 80, (P>0.05)
A 22.3 20.6 28.7 (<1%)
G 26.5 13.2 4.20
(>99%)
23 2 5)
,2 Kimura ,
0.9 , )
1% (h) 0.01, cyt b Kimura 0
0.998, (7) 1.133%, s ,
(h =« 0.986
T4 PES cyt b EEZFBFHERABR
Tab.4 Codon usage of cytochrome b gene for Trachurusjaponicus
GC(AA) UN(P) GC(AA) UN(P) GC(AA) UN(P) GC(AA) UN(P)
TTT(F) 7.1(0.52) TCT(S) 2.0(0.63) TAT(Y) 0.0(0.01) TGT(C) 0.0(0.00)
TTC(F) 19.9(1.48) TCC(S) 7.0(2.21) TAC(Y) 13.0(1.99) TGC(C) 3.0(2.00)
TTA(L) 1.0(0.12) TCA(S) 7.2(2.28) TAA(¥) 0.0(0.00) TGA(W) 8.0(1.79)
TTG(L) 0.0(0.00) TCG(S) 2.8(0.88) TAG(*) 0.0(0.00) TGG(W) 1.0(0.21)
CTT(L) 13.0(1.59) CCT(P) 4.0(0.94) CAT(H) 1.0(0.20) CGT(R) 0.0(0.01)
CTC(L) 20.0(2.45) CCC(P) 7.0(1.65) CAC(H) 9.0(1.80) CGC(R) 2.0(1.13)
CTA(L) 12.0(1.47) CCA(P) 5.9(1.39) CAA(Q) 4.0(1.60) CGA(R) 4.0(2.27)
CTG(L) 3.1(0.38) CCG(P) 0.1(0.02) CAG(Q) 1.0(0.40) CGG(R) 1.0(0.59)
ATT(I) 10.0(1.00) ACT(T) 4.0(0.77) AAT(N) 3.1(0.36) AGT(S) 0.0(0.00)
ATC(I) 10.0(1.00) ACC(T) 9.0(1.71) AAC(N) 13.9(1.64) AGC(S) 0.0(0.00)
ATA(M) 2.0(0.82) ACA(T) 8.0(1.51) AAA(K) 5.0(1.67) AGA(¥) 0.0(0.00)
ATG(M) 3.0(1.18) ACG(T) 0.0(0.01) AAG(K) 1.0(0.33) AGG(¥) 0.0(0.00)
GTT(V) 3.5(0.70) GCT(A) 4.1(0.61) GAT(D) 2.0(0.40) GGT(G) 4.0(0.73)
GTC(V) 8.5(1.69) GCC(A) 10.9(1.62) GAC(D) 8.0(1.60) GGC(G) 9.0(1.64)
GTA(V) 8.0(1.61) GCA(A) 12.0(1.77) GAA(E) 3.0(1.98) GGA(G) 9.0(1.63)
GTG(V) 0.0(0.00) GCG(A) 0.0(0.00) GAG(E) 0.0(0.02) GGG(G) 0.0(0.01)
: GC(AA)- ( ), UN(P)~ ( )-

Note: GC(AA)—-codon (the coded amino acid), UN(P)-number of usage (percentage of usage).
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Tab.5 Analysisof molecular variance (AMOVA) among two populations of Trachurus japonicus

control region bceyth

1% 1%
variance variance variance variance
component percentage component percentage

among populations 0.2458 0.5 0.594 0.38
within  population 4.91264 99.5 1.55672 99.62
total 4.93722 100 0.00498 1.56265 100 0.0038

variation source
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2

Fig.1 NJ haplotype tree of Trachurus japonicus based on control region (A) and cytochrome b (B) haplotypes
Decapterus maruadsi was used as the outgroup, and the bootstrap values lower than 50% are not shown. V¥ represent haplotypes belonging to
Minnan population.  represent haplotypes belonging to Mindong population. 4 represent haplotypes shared by the two populations.
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Tab.6 Neutrality tests of two populations of Trachurus japonicusin Fujian coastal waters
Fu's F control region bcyth
Fu's F; test value MD MN total MD MN total
F -15.923 -20.752 -24.616 —6.198 -12.284 -20.537
P 0.000 0.000 0.000 0.001 0.000 0.001




72

18

[2]

[29]
3.2
AMOVA
[30]
(Liza haematocheila)m] (6]
mtDNA
(62 000~205 000 ),
[2,5]

[2]

[2], [32] _
, - (
) —
DNA eyt b,
S % k-
(1] (™l
, 1985: 86-87.

(2] , , ,

[M]. : ,2007: 256-263.

(3] , -

[CY/ -
, 1991: 619-631.

[4] Xie S, Watanabe Y, Saruwatari T, et al. Growth and morpho-
logical development of sagittal otoliths of larval and early
juvenile Trachurus japonicus[J]. Fish Biol, 2005, 66(6):
1704-1719.

[5] Sassa C, Yamamoto K, Tsukamoto Y, et al. Distribution and
migration of age-0 jack mackerel (Trachurus japonicus)in
the East China and Yellow Seas, based on seasonal bottom
trawl surveys[J]. Fish Oceanogr, 2009, 18(4): 255-267.

[6] > s , cyt b

(Larimichthys polyactis) [J].
, 2009, 19(9): 924-929.

[71 Hewitt G M. The genetic legacy of the Quaternary ice
ages[J]. Nature, 2000, 405: 907-913.

[8] DNA .

, 1998, 5(3): 94-103.

9] , , , DNA
[3]. , 2004, 31(9): 983-1000.

[10] , ,

DNA [J]. , 2008, 30(6):
115-121.
[11] ,
[9]. , 2008, 15(1): 12-21.
[12] Sambrook J, Russell D W. [M].

[13]

2002: 461-469.

Poulin E, Cardenas L, Hernandez C E, et al. Resolution of



DNA

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

the taxonomic status of Chilean and Californian jack mack-
erels using mitochondrial DNA sequence[J].Fish Biol, 2004,
65(4): 1160-1164.

Xiao W H, Zhang Y P, Liu H Z. Molecular systematics of
Xenocyprinae (Teleostei:Cyprinidae): Taxonomy, biogeogra-
phy, and coevolution of a special group restricted in East
Asia[J]. Mol Phylogenetics Evol, 2001, 18(2): 163-173.
Thompson J D, Gibson T J, Plewniak F, et al. The clustal X
windows interface: flexible strategies for multiple sequences
alignment aided by quality analysis tools[J]. Nucl Acids Res,
1997, 25(24): 4876-4882.

Tamura K, Dudley J, Nei M, et al. MEGA4: Molecular evo-
lutionary genetics analysis(MEGA) software Version 4.0[J].
Mol Biol Evol, 2007, 24(8): 1596-1599.

Rozas J, Sanchez-DelBarrio J C, Messeguer X, et al. DnaSP
DNA polymorphism analyses by the coalescent and other
methods[J].Bioinformatics, 2003,19(18): 2496-2497.
Excoffier L, Laval G, Schneider S. Arlequin (version
3.01):An integrated software package for population genetics
data analysis[J].Evol Bioinform Online, 2005, 1: 47-50.

Fu Y X. Statistical tests of neutrality of mutations against
population growth, hitchhiking and background selection[J].
Genetics, 1997, 147(2): 915-925.

Rogers A R, Harpending H. Population growth makes waves
in the distribution of pairwise genetic differences[J]. Mol
Biol Evol, 1992, 9: 552-569.

Lecomte F, Grant W S, Dodson J J, et al. Living with uncer-
tainty: genetic imprints of climate shrifts in East Pacific an-
chovy(Engraulis mordax)and sardine(Sardinops sagax)[J].
Mol Ecol, 2004, 13: 2169-2182.

Lee W J, Conroy J, Howell W H, et al. Structure and evolu-

tion of teleost mitochondrial control regions[J].Mol Evol,

[23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

[31]

[32]

1995, 41: 54-66.

Santos S, Hrbek T, Farias I P, et al. Population genetic
structuring of the king weakfish, Macrodon ancylodon
(Sciaenidae), in Atlantic coastal waters of South America:
deep genetic divergence without morphological change[J].
Mol Ecol, 2006, 15(14): 4361-4373.

Broughton R E, Milam J E, Roe B A. The complete sequence
of the zebrafish (Danio rerio) mitochondrial genome and
evolutionary patterns in vertebrate mitochondrial DNA[J].
Genome Res, 2001, 11(11): 1958-1967.

Grant W A S, Bowen B W. Shallow population histories in
deep evolutionary lineages of marine fishes: insights from
sardines and anchovies and lessons for conservation[J]. He-
redity, 1998, 89: 415-426.

s s

,2000: 53—66; 435-472.

AFLP [J]1. , 2010, 34(5): 680-687.

Hewitt G M. Some genetic consequences of ice ages, and

[M].

their role in divergence and speciation[J]. Biol J Linn Soc,
1996, 58: 247-276.
Allendorf F W, England P R, Luikart G, et al. Genetic effects
of harvest on wild animal populations[J]. Trends Ecol Evol,
2008, 23(6): 327-337.
LiuJ X, Gao T X, Wu S F, et al. Pleistocene isolation in the
marginal ocean basins and limited dispersal in a marine fish,
liza haematocheila(Temminck&Schlegel, 1845)[J]. Mol Ecol,
2007, 16: 275-288.

1. , 1986,
5(8): 32-37.

], , 1997, 19(3): 113-116.



74 18

Genetic polymorphism of mitochondrial control region and cyt b in
Trachurusjaponicus from Fujian coastal waters

NIU Sufang, SU Yongquan, WANG Jun, ZHANG Liyan, ZENG Huasong, ZHANG Man

College of Oceanography and Environmental Science, Xiamen University, Xiamen 361005, China

Abstract: Trachurus japonicus is a pelagic fish in Carangidae family mainly distributing in coastal waters of
China, Japan and Korea. It has been an important commercially marine fish in China since 1960s. But the natural
population genetics and resource quantity of 7. japonicas have been declined rapidly due to over-fishing, degrada-
tion of its natural habitats and so on in recent years, whereas little knowledge is available about its population ge-
netic structure. The distribution of genetic diversity and genetic structure in wild stocks of 7. japonicus seems
emergent and the conservation strategies should be developed nowadays. The complete mitochondrial DNA con-
trol region (861-866 bp) was amplified by means of PCR and sequenced from two T. japonicus populations col-
lected from coastal waters in Eastern Fujian(n=30)and Southern Fujian(n=30). The result showed that 66 variable
nucleotide sites were detected and 53 haplotypes were identified in two populations for control region sequence,
but only three shared haplotypes were observed. The global haplotype diversity (%) and nucleotide diversity (7z)
were 0.993 and 1.093, respectively. Thirty-seven variable sites were recoded in the aligned sequences of partial
cytochrome b gene(930 bp), and 25 haplotypes were recovered in 41 specimens. The average haplotype diversity
(h) and nucleotide diversity (7) of two populations were 0.937 and 0.336, respectively. Cytochrome b gene en-
coded 330 amino acids and the amino acid chain had only one haplotype. Each population had good haplotypic
diversity and low nucleotide diversity in both mtDNA control region and cytochrome b, and the genetic diversity
in Southern Fujian population was higher than that in Eastern Fujian one. Decapterus maruadsi was chosen as
out-group in this study, and neighbor-joining (NJ) phylogenetic tree was constructed based on the haplotypes from
the two populations of 7. japonicus. The result showed that the two populations might have originated from one
clade. Analysis of molecular variance (AMOVA) by ARLEQUIN version 3.1 revealed that the variation occurred
mostly within the two populations for no significant population genetic structure existed throughout examined
range, which was in consistent with neighbor-joining phylogenetic tree and haplotype network. The pairwise Ki-
mura 2-paramter genetic distances calculated by MEGA version 4.0 were also small between the two populations.
The demographic history of T. japonicus was examined by using neutrality tests and mismatch distribution analy-
sis. The neutral test of Fu’ F, which is devised specifically to detect population expansion and is sensitive to the
presence of singletons in a sample, showed several highly significant negative values and the pairwise nucleotide
differences distribution showed a singlet, indicating population expanded 62 000-205 000 years ago. The result
showed that T japonicus had low genetic diversity and genetically homogeneous population structure between the
two populations, and this might be caused by population expansion, strong diffusion capacity and oceanographic
current in East China. All these results would be very important and useful for making scientific strategy for the
natural resource protection and genetic breeding of this fish.[Journal of Fishery Sciences of China, 2011 ,18(1):
66-74]

Key words: Trachurus japonicus; Fujian coastal waters; control region; cyt b; genetic diversity; genetic structure
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