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8] By 3% 1 % 94T T %37, 5 GenBank 7 DNA Barcoding & & ¥ /0t 4 # W 35 BOLD
Systems HATHL AT, LI 33 7B A A 5T ANEFH ANEKLZD 99% F; #HiE
N TS RN B B R B R N B A BE B A 0.1% ~ 0.3%, 5\ & H v b 3K 0y b 1] %
¥ E N A 10% 0L b; 7 NJ, Bayesian 24 b, #HE A& WAAERYE -2 R, IHF
ML 98%; U EERMIERXBBEAELNTEANE FHREHR,T LB EH 2T
B EE S, BRI o E LT B (P =0.06647>0.05), £ HBfEA W EEMEE, ¥
Mz Fg ek ZAn AT W, MERMIXBHETEZREFZ —,

FER: BHEAE; MAANE, fMHEE;COTl HA

hE4%S:Q958.8;S917.4

RN JE (Hypomesus) R B N Ge 7k, )&
J\fa H (Osmerforms), #H N E(Osmeridae). [HJE
AL, AT MR, oAz, SR g
HOPFEWINE, 32 id e, P Fle K DOk %52
08 Fi Tives 25215 Fishbase(http://www. fish-
base.org/search.php) ¥ LA FOHT 5 B, A fa 8 M2
AR Af(H.olidus), HAANF( H. japonicus).,
T3> fa.(H.pretiosus) . #7F2\ i (H.transpacificus) il
PEK/ A (H.nipponensis)s Fli, e, hyH /A a4y
Aide ), W& BTN — E 2R 2 W55z
IR oA, EAE L R oA X RN,
VG R S i /A R I RN/ P P T Sl ES AN
+ WP A € (http://www.fishbase.org/search.
php), VAT 3EEMINE RS, Bar, b
RS T VE 2\ 0k v [ AN, EEE A TEAR
JEHLIX, SRR AR NS, R O 2 TR 2E,
Z R4, FRTIE R 2T, ISR
(0 ~28 C)SJZ bk, BhE ) iEM TR, 5

ks BHA: 2012-05-14 &R BHA: 2012-08-26
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HUIHE A TP RN 2 Fh, CO T B biiAn i
R A AE [ BRI, FEWF R TR AR Z 3 ]
B 1%~ 2%IM2E5, Mg Fp R 255K, Bl
SR T bR ERE R, 9 N “DNA 25 TE
iy, FERIRh e AR 8 Tz R N AESY
KAERIEIL, B, s LB A fBREA, FIF
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FN, ST A AR ZERY T4 1803

HORICT MR At A A SEUEIR
ff1(Osmerus mordax) CO I JE[KF51, FEAR L AL HE
2010 AFEASZEG 5 AE KT 1 = B RN 3 6 K R 4R

()45 WA 4R f1 (Salanx ariakensis)(fAifR YMY), ‘1]
5N AR R RESE, w7 DAE R BT A, TR
FEAMEEILE 1.

*1 HEABRRRAXER

Tab.1 Species, catalog numbers, and collecting sites of samples in this study

K fRI PR Sl 5 Hb (FRTFK) B S G
group abbreviation collecting site(abbreviation) number catalog No.
BRI W (XTB) 4 XJB1-XJB4
B % (XTE) 9 XJE1-XJE9
Bt B SN T (X)) 10 XJJ1-X3710
transplanted YZG B R AR K 2R (XTF) 9 XJF1-XJF9
Hypomesus R S e W T (XTW) 10 XIWI1-XITW10
PRI (HLY) 5 HLJ1-HLJ5
7 S K JE (YNC) 5 YNC1-YNC5
R XTG NCBI £#i%: FJ205567 ., FJ205569 2 XTGI1-XTG2
H. nipponensis
- NCBI ¥4 /% FJ205572 . HQ115081 . HQ115098 \HQ115114,
‘”ﬁﬂf“\ﬁ CZG HQI115116, HQ115129, HQ115156, HQ115171, HQ115175, 12 CZG1-CZG12
H.olidus HQI15180, HQ115182, HQI15185
Ew /A\_@ RBG NCBI $#E % : F1205564 . FJ205565 2 RBG1-RBG2
H.japonicus
ﬁz\.ﬁ HGY NCBI ¥ : GU440349 1 HGY
H.pretiosus
KL MZH NCBI ¥ % HQ115186 1 MZH
O. mordax
EERik gl MY i = 4 YMS1-YMS4
S.ariakensis REYREPN i 2 YMD1-YMD2

1.2 E[FZH DNA 2B, PCR ¥ &R F3iME

FE AR BCR F A /A 0511 PCR ¢
W H W R B CO T AT 5/ AR B K JE R 750
bp ZEA7 BYJF A, 3G AT 51 9034 VF2(5'-TCA
ACC AAC CAC AAA GAC ATT GGCAC-3")Hl
VRI(5-TAG ACT TCT GGG TGG CCA AAG
AATCA-3"), PCR SUWARR SUARA 50 pL, Hrr2 x
Taq PCR MasterMix 25 pL, 51445 1.25 pL(5 umol/L),
DNA 4 100 ng. PCR W FEF R 94 C HiAE I
5 min; 94 °C 30's, 60 C30 s, 72 ‘C 1 min, 35 MEH;
e 72 CHEM 1 min, § 3G 1% MBI HEGE
LKA . PCR =4 A2 AR W AR BRA
HINPE, P51 VR,
1.3 HESH

VRN PAE S he0E . oA IS 7M. 7
5112 Bioedit!' ' L Xt, JH Mega 3.1 F 3L 741l
SRR IERR N HEAT HUXE, O SF3& 5 5 [a] i
JPA; BRAEL A BRILAR AR | (AT B S 5,
R | APl LI 2R A Kimura's 2-Parameter 575,
FHI R T K2P B NI B, ARG R AW R
1 000 KNS SCR B R PEAL 25 B 43 3 B G EE, LA

FAYHTERAEI N Mega 3.1; M3 Modeltest 3.6M*14%
AR B S OB R GTRHI+G. DL Mrbayes
3.1.2 BV 2 U0t (Bayesian) B, B B
A nst=6(GTR HBLHY), {3 5 H KA SFEIRN rates=
gamma, ' B H0CN partition  region = 3, number of
generations({040) = 1 000 000, number of chains=4,
sample of frequency = 100, starting tree = random, burn —
in=100, fEFFEFEAST, WIEFRRHEAHE—
BRE, RGN o3 S A B IEAL LU Rt 5k
TN o BRI 45 K L Network 4.610(http://www.
fluxus-engineering. com/sharenet.htm)4 %

KM Arlequin 3.01 B 43 748 55 43 #r
(AMOVA) S AH 23 (A 8] (9 43 Ak 7K (Fy),
DM Rt AL R B, A Tajima's D Hik
R kAT P B9 BRI
2 4
21 BEABYMETEREBEEXENSEESNL

FHILER D | BRI E R 51 HXT,
Bl CO T HEE 5" 3 591 AIRFEITFHIHEA 14047,
WA IR B, gD 197 MEER . FF94
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NCBI(http://blast.ncbi.nlm.nih.gov) k. X}, 5 P4 &
o CO T 4 (F 415 FI205569 . HM151598 .
HM106489 . FJ205568. FI205567)FLEETE 99% ~
100%, S/t CO 1 ¥ 4I(F41%5 FI205572 .,
HQ115081, HQ115098 . HQ115114 Z)MAHMIELE
88% ~ 89%. #F—H7E DNA barcoding %5 H0 Y
2B 3 BOLD Systems(http:/www.boldsystems.
org/views/login.php) #1741 L X, 153 7289
SR W HI WA S SR AR B A EAE AR EY Ry P OR
N

FIWEFESN  BHAME 7 MK CO
1 PR 00 B e S0 AS A7 TR0 S R 5 %, 5 480 A 4
RAEMMER L, C. T, A, G A& RA9I7E
28.21% ~ 28.38% . 31.02% ~ 31.13% . 20.26% ~

20.30%. 20.29% ~ 20.32%z 7], 5 M NCBI | 3if5
FIPE AN CO T JER Y C(28.26%) . T(31.08%) .

A(20.36%) . G(20.30%) & i dEw 2, A E o
SRZERRERKOAHEIT 0.06%, Mi5HEAf CO
[ EEK C. T. G HAHRER#IL 1%, B
i COTEHM €. T, G HAS RS HANE
(RBG). #AHHGY)H 25 A T KA #(XTG)
Frth I/ (CZG)Z IR o 23 Ja i 45 Fh S ] DL A
JIVELE (I ZE B R (MZH)Z A C. T, A, G &t
I, A+T Sl T GHC & i, meflice. T
AN AV AaNERER, AUMEA A+T
MERILT G+C & ik, TEI M riFeEA D, Irf
FHE CO 1 I G A & AR 2 i ARr, RIH
BRI G W 2).

*2 BAECO| EEANHEAEERAREZEBFULKNTEY GCRE
Tab. 2 The variation and GC content for species of osmerforms in all positions and each codon position

F¥J GC &m/%  average GC content

R Lujima's D P(T*B‘ma's % T% A% Gl% = o 3 T
group ) 1*'codon 2"codon 3"codon all positions
XJB -0.780 1 0.309 2 28.21 31.13 20.26 20.39 55.3 44.1 46.4 48.6
XIJE -1.362 4 0.088 8 28.28 31.11 20.32 20.29 55.4 44.1 46.2 48.6
XJJ -0.822 3 0.234 2 28.31 31.08 20.29 20.32 55.4 44.1 46.4 48.6
XJF -1.293 8 0.104 9 28.31 31.10 20.29 20.30 553 44.1 46.4 48.6
XIW 0.384 5 —-0.353 8 28.38 31.02 20.29 20.32 55.4 44.1 46.6 48.7
HLJ -0.816 5 0.297 2 28.29 31.10 20.30 20.30 55.4 44.1 46.3 48.6
YNC 0.000 0 —1.000 0 28.26 31.13 20.30 20.30 55.4 441 46.2 48.6
XTG / / 28.26 31.05 20.36 20.30 55.4 44.1 46.2 48.6
CZG / / 29.68 30.03 20.98 19.30 56.3 44.1 46.4 49.0
RBG / / 29.86 30.54 19.88 19.71 56.4 44.1 48.3 49.6
HGY / / 28.93 31.13 19.12 20.81 55.8 44.1 493 49.7
MZH / / 28.60 30.46 20.98 19.97 56.4 44.1 452 48.6
YMY -0.1893 8 0.4760 9 33.73 26.40 20.08 19.80 57.8 44.1 58.5 53.5

FI ] Arlequin TR HE N 8 BEIK Y Tajima's
D H, JFi#FT BEMRLE 2), Bk XIWCHTE e
WG THAN, Hay 6 M IR Tajima's
D {E#R A E, AN, R SEAER e KR
TERBIES

Bt At 7 ANFEARI G A 5 95.52%k A #F
PRIE], AL 4.48%3% AREARN, FEURIEAE 0 (E
Fou ol 0.044 84, ittL 7344 12 2 (P=0.066 47>0.05,
% 3),

BEBESHM  STRERI R B A M
BB PR 2/ 0K — | B R I I (XTB)4 4>
MR 4 ABAERY, T 2 B L E(YNC)S A4
AMRAL AN SRR, 7 A REEREAR 52 A RIEA 13
Pl gAY, Horp 5 RO AR AL 8% 29, 7. 3. 3. 2

AARIEE, (A HTREAY 84.62%. 1T 29 A
= [ LR R S5 TPE KA 1 (XTG, FI205569) 5148
RIMATR] o K5 AR 5T I 3RAS A B 4R A8 NCBI B85
JE, BRAFHILY B85 (35 4).

WAAREE FhIERRD P AL B R KN
PR E B 2 AR, JEF CO T BEH PR A
J S HLAR SRR A RN 0 3 A 1 B L 5. PR
NIRRT A SRABEEUR N FIRE AR 8] )38t 1%
BN 0.1% ~ 0.3%, WEHMKT Hebert Zprifits
(R CO T 3 K 41 HEA 5400 il 68 52 F5e /DN A o ]
LS 2%, MASHIA L, DU AN 50 13
WAt HARN A AL 2 7E 10%,
WIRFEA At 7 ANBER 52 DM REA IS Y 13
Pl A5 ORI (B 1), B R XIB1 Ab7E

http: //www.scxuebao.cn



12 4 B/NEy, ST RERSAE N RS0 TR 1805
#3 BELGTINHEFERERNDFHES(AMOVA)
Tab. 3 The AMOVA analysis of seven populations of transplanted Hypomesus
5 Sk - J5 A Az S BRE
] . F B df sum of variance compo- percentage of F P
source of variation ..
squares nents variation

FEARE] among populations 6 4.061 0.023 67 Va 4.48 0.044 84 0.066 47
HEAR N within populations 45 22.689 0.504 20 Vb 95.52

A1t total 51 26.750 0.527 87

x4 BEABEAFNEEREKEARKZHEE
Tab. 4 The number of haplotype and the shared- haplotype in the populations of transplanted Hypomesus

%*éﬁa‘? Fﬁ’ﬁ%iﬂ ;i?—'eﬁ'ﬁil[ﬂ ;%% FF’{%IEL_JE,‘JIE]}JF %’Fﬁ{%ﬂﬂl‘”f’ﬁ”%
rou haplotype shared- haplotype abbreviation of shared- GenBank no. of each
group plotyp plotyp haplotype haplotype
XJB 4 x XIB1\JQ899424
XIB2\JQ899425
XJE 3 XJE1=XJE2=XJE3=XJE4=XJE6=XJE7=XJE8 XJE1(7) XIB3\JQ899426
XJJ 5 X1J2=X1I5=X116=XJ18=XJ19=XJJ10 X132(6) XIB4\JQ899427
XJE5\JQ899428
XJF 5 XJF1=XJF5=XJF7=XJF8, XJF4=XJF6 XJF1(4), XJF4(2) XJI7\1Q899429
XIW 5 XIWI1=XIW2=XJW3=XIW7, XJW4=XIW9, XIW6=XJW8  XJW1(4),XIW4(2),XJW6(2)  XJI1\JQ899430
XJT4\JQ899431
YNC 1 YNCI=YNC2=YNC3=YNC4=YNC5 YNCI(5) XJFO\JQ899433
XJE9\JQ899434
XIE9=XJJ3=XJF2=XJW1(4), XJJ1=XTW6(2), XJJ4=XIW5 HLJ1\JQ899436
5 HAMBB/LHMEHMEMMRNIEERES
Tab.5 Genetic distance within each species and pairwise distance between species in osmerforms
Pyt
s fE i
XIB XJE XJJ XJF XIJW HL] YNC XTG CZG RBG HGY MZH YMY  genetic
group distance
within
group
XIB 0.3
XJE 0.2 0.1
X717 0.3 0.1 0.2
XJF 0.3 0.1 0.2 0.2
XIW 0.3 0.2 0.2 0.3 0.3
HLJ 0.2 0.1 0.1 0.1 0.2 0.1
YNC 0.3 0.2 0.3 0.3 0.3 0.2 0.1
XTG 0.3 0.1 0.2 0.2 0.3 0.1 0.3 0.2
CZG 133 132 133 13.3 134 13.1 134 133 0.4
RBG 163 163 164 163 165 162 16.5 164 124 0.7
HGY 144 144 144 144 145 143 14.5 144 119 8.9 /
MZH 163 163 16.3 16.3 163 162 16.5 163 123 13.0 147 /
YMY 213 212 213 213 212 212 215 212 218 194 201 206 0.7

525908 N (MZH) FE B4R 1 (YMY) 11 35

OMARTE T BRI BRILAEEL X001, XII7 8h,  AREERIN R X it —AE A UOR AR I A R
ARG R SRR A FL R XIBL e, SXSe M AR R A AN H A RN A a8
K AR OGS st ) B A 2

o

FEBSEILE 1% LT (o fa 2V B — A AT
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il A IEA BE ), T ) 3844 BE B AR AE 10% LA Lo
22 REXFR

FIFH CO T P F AR, LI B4R
HOIMEE, BN REIETTRA M, WA, HA
O MR, TR AR SEIN TR A NT A
Bayesian Bf([&] 2), &RHEE 3 FRGER LIRS
KRR, AUE RSP R CEG R FAATER
INEESE, AERTE 98%LL |5 A3 BHER faffE M AMEE, Ab
TERGM I ER; B A fa 52k 3 NCBI HE R
P RAETIR R, e YRdis AR A3
R AN SN GHERENIREXR, At
J& R A8 A TE OS2 32, SEUNE N

XJF9@ X114@XII@
xipo_ |\ | B0 XBig
XIB30 XJB]@ - XiEo@gp — Xive
/ .
.-// \'\
HLJ1¢ AN

XxIwioe 3 X

& exw

(7) XJF
® XIw
XJF30 ® YNE

1 D& 7TBEREET COI 2ERNEERE
Fig.1 Median-joining haplotype network for
7 transplant populations of Hypomesus
showing haplotype connections and distribution. Colors corres-
pond to different populations.

X1B4g2)

7

XIES(7

100/1.0[[L E/ES)
|~ %83

[~ RBGI
100/0.98 " RBG2
HGY
MzH
[ €ZGs
CZG6(2)
100/1.0 CZGl
CZG3
CZG4
CZG10
CZG2(3)
CZGII(Z)

100/1.0 I—El_ (S)(I)

—
0.02

B2 ETCOlEAFIMEAINENH
TR NJ F0 Bayesian BAZiit
Fig. 2 NJ and Bayesian trees based on
partial sequence of CO | gene of osmerforms
The numbers on branches are NJ bootstrap values (>95%) and
Bayesian posterior probabilities (>0.95) from left to right, respec-
tively.

(MZH)Ab e R RSN, S5l AR H AN
AT F RO EE LR
3 e
3.1 EFBEAERFE

ONOJB AR T ALK . R 2 A,
F I K AR Mg B VT B TR N f, T R A
FRUH K L K RPU LK PE . E 5K K 2 T
YL 340 20 TH4D 40 AR RS AT, Gk B 34120
TR I BB A £ VG AN 1, 3K — R A5 A ol s
N R — AR . A O A R E T
12 F7 FH ) J2 . P 2N £ (H . transpacifus nipponensis),
M2 B, AR PR ) — AP, (A
DI, fEHRETE A, BBV, ik, dbat. K
Bm . v, NS IR, EZR Bk, Mg T
£¢%\m\ﬁﬁz%nozﬁm$ﬁﬁﬁ@ﬁ
(14 #8135 38 4 A A b VR A £ Y HEEs
N AT 25 ?%hﬁ&ﬂ%mﬂﬁhmhﬁkﬂ
7, HIFRA TR ZMER . WA R CO 1
I P G0 AT e S A UM IR R R B, #B—
FOEI Sk A BT8R | B VT 2 e S A ) o R T
KA,
32 COl EERFIIXMAEaFMENERE

SR TT SV At 1982—1987 4R ML T8
IKFIKIE . RPE LK R B T 8 b S s AP,
MR fat 1989 4E M MABAEAHRG, &
BB, &) Z A mE TS . K
it SR AT KA, 2 BB S K
JEE 19/ 6T RE S Fh TR O AT, TR 4 R AE
20 1422 90 AR IR 5 | EPY, e P RIE K Mk fk it
Farf, SXEEX IR 20 ~ 40 AEGEASH G T B HR
ARG — BEAta], (HZMf 1 PR RN, L I ]
BT 20 ~ 40 X, DHAFREIAE ST RIS, 78 CO 1
BEHFH b, X SRR A R E S, B
VAT BH S 1 B DX SRR AT 194 A8 b % 35t % 1 1Y
oAb, UHIRRE SRR A fa, B AR A TS TR IR
W A K3, SRR KA G R 22 R R,
{HEETF CO T PH 74 A0 REE P9 AR (0] a8t 44
BARRTE 0.3%LAF, 5 GR35t 14 FE 2
BI7E 10%L) I . Hebert LA CO T 5045
RICHb A 1400 ol 65 A1) 18 DX B i e ) )8 42 3 0
BRTRANRB IR, I HEE2ZER KA N 10
5, FRNEEE — BN T 1%, a8 K5 U g Al
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FFT 455 Hebert S EIMLEIE—3K, B
CO I ZEH 7 HREXT /A fh J@ A T A B 5K € .
{H DN ERA Y X 2% [ R R 48 06 AR B, dELRL A3 BT AR
5T 7 b AR A RS A R 4, X AT B2 T
ZIR . EXFEHEE R, 298 CO 1 B2 HEE B
A FFEWEHEE A Z—, WIS T CO
I B A R AR ) AR S K, (B R AR R A,
TGN, ITLCEREME A DNA KIS 1)
LU s e
33 RHEXZFR

BT CO 1 HL 4 gt I B R R iy
NJ. Bayesian ZRGM (K 2), &AHEHER P LHHR
98% A EHIHS, N T DNRERBEFIAREA 5K A
NCBI %4 v KA FEAR R E R — R R |,
PRI 100%, FHRUEBENTAPE KA A, 7E
REW b, FIEIR S H A A R
— /N3, RIGE MR A BT RABRE, X5
Tives 52 VRIF 3 ANERKLIARTN 3 ML 751 Ty
AU H AL Bayesian #1 maximum likelihood(ML)
R G R BRSNS E— 5, 1 Tlves %)
R RGN b, AR FZER A —3Z, M
I & I B 3R Ry — 3¢, X AT RE S A SR H 1]
Rt R, JPHld, R CO 1 R P41
AR SN S
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Molecular identification of transplanted Hypomesus species in seven places

GONG Xiao-ling, WU Ying, CUI Zhong-kai, BAO Bao-long”

( Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources,
Shanghai Ocean University, Ministry of Education, Shanghai 201306, China)

Abstract: The fishes of smelt genus Hypomesus lives in fresh water, brackish water and coastal seas, dis-
tributes in the Northern Hemisphere. Now, the Japanese smelt H.nipponensis and the pond smelt H.olidus
are the common species and mainly distributed in the northeast region in China. Their bodies are small
with silvery white. The life span of the fishes is short and theirs age of sexual maturity is above 1 year and
they dies after spawning. They have strong adaptability and have been transplanted widely in China as the
important commercial fishes. However, it is strange that there still exist disputation so far on which species
of Hypomesus ever been transplanted widely in China. In this study, transplanted Hypomesus collected
from seven places locating in Heilongjiang, Xinjiang and Yunnan province are identified using CO I gene,
which is a popular DNA barcoding for species identification in the world. Comparative analysis showed
that CO I gene sequence from all above collected somelts shared more than 99% similarity with that from
H. nipponensis, which was published on the webs of GenBank and DNA barcoding Center. Genetic dis-
tance within each group and pairwise distance between transplanted smelt and H. nipponensis both ranged
from 0.1% to 0.3%, and were rather smaller than those genetic distances between transplanted smelt and
other species of Hypomesus (all more than 10%). The topology of each final tree further revealed that all
individuals of transplanted smelt and H. nipponensis formed a strong monophyletic group. Taken together,
these results all showed that the transplanted smelt were Japanese smelt H. nipponensis. In addition, even the
genetic differentiation in transplanted smelt populations was not significant (P = 0.066 47 > 0.05), six
populations of transplant Japanese smelt endured somewhat selection pressure of environment based on
Tajima's D value. Median-joining haplotype network for Hypomesus 7 transplanted populations can not tell
us too much about their genetic relation and the transplant routes. Cross-transplanted or/and mul-
ti-transplanted might be the reason.

Key words: transplant Hypomesus; Hypomesus nipponensis; species identification; COI gene
Corresponding author: BAO Bao-long. E-mail: blbao@shou.edu.cn

http: //www.scxuebao.cn



