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L% 8 K $R £ (Protosalanx hyalocranius) Cytb #0

CO | ERFSIERMENH

FRat F K KMET BRI dHELT
AAED B RS EHMES FEAAT

(L TEHEIRAKT=IRGE AT TTI0E PIREK Rl P IR S SE 8% Bt 2100175
2. MEIMTE R Bl ot i B B 2100465 3. VLA MLEWML BB RS AT WEZR 223300)

= 48 7 4, [F % ¥ K 47 # (Protosalanx hyalocranius) i & % # M 300% , RF 2 4R 32 Fn 428 7| A
KR EFMFERE, RALRAEEEE bEECH)FAEE R cAhE | TAEFCOL)F7,

AT T BRI A0 R AR B A, B PCRY W 5770 2 95 % E T KE H 1141 bp
630 bp #y Cytb A1 CO I Z£[H /7 71 . 40 4 Cytb £ H 57 7|83 A . T.G #1 C Wy FH & E 44 21.7%.
29.3%. 16.7%7F1 32.3%, fr i 6 MR FALE, X7 DREA, BER SHERE TR S AL
J 0.775 F1 0.00129, #F-F#H = FH o 1.469. 40 4 COl XEF 7w A, T. G M C T4
B 21.6%. 26.0%. 19.2%7%1 33.2%, #d 5K RAE, £ 6 MEGEA, A LM
%A B S A2 %y 0.700 A1 0.00207, T a £ B 47 1.303, Cytb % CO 1 # B 4 Al = i 1
HEEERAN, ENIRZAHAKRL X, AARELFELH AR L2, FUSFH MR

RERMBER AT ERLR, RERRREAHET T HHEY KEH.

KA

hESERE S917.4  X#EiRINED A

KA (Protosalanx hyalocranius) ™y 1 4EA4: )/
s, SR8 TR H (Osmeriformes) . 4R 1 £}
(Salangidae) . K4R ffi J& (Protosalanx), X #3548k 2
ISR, 2 LR - BRI (B BIAE, 2002) ., RAR
]2 A TR ARSI | RKILE K TLR W
TAJCEEIG | S T O RO PG I R, A TR
MR K E FE fafp, R RIREESE, HIRFE,
SV R, 2R TR Y AN K
AR, TR o B . KR TR L A
BEWE WAL G Z R R 2R (R 5 ], AR #a ) b B i S
TR, RARGEIRC 2 Wil (£ 08158, 2002), I,
TR AR 0 SRR C 20 7R JE BE

HESEMN;, AEEEDERE; AR RCcAMBEIE] XH,; K4Ea; HEH
XERS 2095-9869(2017)06-0025-07

A5 A% Z R PR R B 5T — O T RE % S 48 il
Fgc IRt A Z AR BIR , 53— 5 AT LRy il B R )
A RREE K AR AL E SRR AR . 2R ZORIIR DNA
(MDNA) R B ALY T 323k, HoA b S
U B RE R A LT IO E AL SRR i, R s B A5
1% ZREVE RSt 45 K i AR A RH(E R4S, 1998).
2RI AR 41 it (5,2 b (Cytochrome b, Cytb)FIZH (4% ¢
ALV 3 T (Cytochrome ¢ oxidase subunit I, CO 1)
BP9 BA S FEA R . SRS, ST
FpRE K ST 3845 ZRE R BRI, 8k ) 32 Uy FH a2k
SEIKAE AW ) 2R G TR RE S5 AG 22 R 9 b (PG 55
2011; HIFHEE, 2014; 25K findis, 20158).
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HEEE I AN 1597 km?, VT IRE S KR ,
1 3 [ 26 I IR KA CRAA SR S5, 1993), L]
Wb TR E R IX 2 0 kR A E AR (K
§E, 2008), fE 20 LN PARAR, BRI R AR 0 5E
AR F &, BRI R AR A R, Al T
F R AT 806 (T8 s RS BT 4, 1977), iT4E
K, BEPEWI AR 1 AR BT IR B 2R R R, ©RRIE L
AR BER o A LRI AR f0 B 9T A R
AR . B A S A 0 T (TR b
PR 5 T 350 90 25 Tt 36 1) A £ 3 S AF 5T MR A4, 1975,
SRS, 1981; AREAFISE, 2013). 5K i (2005)V i
B FH(2015) 2% 43 122 0 24 F AR 5T 1 TR 1 A [) i
PR R R Y 384G R0 SO AL S50, A ¢
TR R £ P 38 A SR E DU 1 A DL AR o ASF 5%
SRR AR MY Cytb A1 CO 1 41 Fr B kAT
B MY, AR AL ZREE FORIE ZE R, AR A
T3 R AR s AL BORE, Rl A] S PR R
FRAR IR AR A A R —E S %

1 HREH%
1.1 SRIEH#

2015 4 8 1 AHEFE M) Y 6 A /K 180(33°24'05”N,
118°41'20"E) R4k 40 R R MAFEA A KAE 3.5-7.0cm
Z I (CF{E H 5.2 cm), & E 7 0.1562-0.7680 g = [i]
(P¥{EH 04375 g). BYHUCKRARMREEE, MATKL
BErp fRAe, A Il S R

1.2 EFEZH DNA BB

BIHCR AR i R € ZH 2144 100 mg, 22 A 1.5 ml &
O, BIRE . SR IG R4 DNA S BGR50 &
(TaKaRa, HZAR)FEHUKM faILH L] DNA, H DNA %
T 200 pl TEHEW T, B T-20CHRASH .

13 Cytb#1CO | EREF &, @ 5NF

AWFFEH, Ctyb P35 A ¥ 5194 L14321
(5'-CCAGTGACTTGAAAAACCACCG-3') . H15634
(5-CTTAGCTTTGGGAGTTAAGGGT-3')(Zhang et al,
2007), CO I ¥ s #n1 i J¥ 51 ¥k F1(5'-TCAACC-
AACCACAAAGACATTGGCAC-3).R1 (5-TAGACT-

TCTGGGTGGCCAAAGAATCA-3) (Ward et al, 2005).,
PCR J2 i s A 444 50 pl, HiH 10xPCR Buffer (7%
Mg®") 5 pl, Tag DNA polymerase (5 U/pl) 0.4 ul, dNTP
(% 2.5 mmol/L) 4 pl, 5 4(10 pmol/L)4$ 2 pl,
DNA 4% 2 pl (50 ng/ul), ddH,O %2, PCRY”
SRR T4 R 94°C HUAEME 3 min, 94°CAEME 30's,
55°CiEk 50 s, 72°C#EfH 90 S(Cytb)k 50 S(CO1),
30 MIEER, 72°C fieJ5 ZEH 10 min,

PCR ¥ ¥ 7/=4) 2 1.5%I N MEEE L e vk o B 0
2 DNA JEIGRF] & (TaKaRa, HA)4lifk 5% &4
TAEY) TR () Bedn A BRA BT o AR uEpril
SUHERAPE , A RE A 34 2R FR ] I .

1.4 HIESH

JIrAR 5 Clustal X 3R 42517 4 % | R0 FIHEF
(Thompson et al, 1997), | DnaSP4.10 43 #1 % f:(Rozas
et al, 2003)i144 £ 2537 5 % H (Number of polymorphic
sites) . Hf%#U%L H (Number of haplotypes) . Fiff#l %
HVE (Haplotype diversity) . # ¥ 2 2 ££14: (Nucleotide
diversity) il - 34 5id & 2% 5 %1 (Average number of
nucleotide differences) . 1 MEGA 4.0 % f:(Tamuraet al,
2007)GE T HRFEZE A, JF T Kimura S EATHL
P R 2 6] () 3 AR E B . LA K 5958 £) £1 (Neosalanx
taihuensis) 1% [ J5U ¥ 51 (GenBank & 5 5y JX524196.1)
YE R AR, SR AR 31 (Neighbor-joining method, NJ)
1R EE Cytb Fil CO T JEH HAE R R Gk A, E 4k
R s A 2 S B K CF B A 5143 A (Bootstrap
value)ftiif, 3t 1000 G,

FH Fu's Fs HrPE A 56 FAZ i AN B 4347 (Mismatch
distri buti on) il it 8 I AR fo R ) D7 SR B A

2 #R

21 Cytb#ncol EEFEFISH

Z: PCR P8 . W F AR xs, RAS L R £
LRtk Cytb HEH KT, HKEN 1141 bp,
40 4% Ctyb BH IR F L& 6 N8, Hd A
ARG B, 21— (F RN AL T,
G Il C W& =N 21.7%. 29.3%. 16.7%F
32.3%, Hif A+T K& (51.0%)ME T G+C &g

1) Zhang Y. The study on the genetic diversity of Protosalanx hyalocranius. Master’'s Thesis of Tianjin Normal University,
2005, 1-63 [7KA. KA ML ZAEIERFTY. KEIIIE AL AT 58 A #0018 5, 2005, 1-63]

2) Xue D. Genetic diversity of 9 populations of Protosalanx hyalocranius in China based on Cyt b sequences. Master’'s
Thesis of Jinan University, 2015,1-53 [{# . & T4IME R b iy E 9 MR AR L ZRMEFTE. R R2Fm Aot A4k

LB, 2015, 1-53]
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(49.0%), 40 % Ctyb FEHFIIE LT 7 A HAFH
(Hbl-Hb7), Hid, PR Hol R k£ (16 1), #
£5 Hb2 Fll Hb6 i e/, A 14,

2 PCR § 8% . M F RS XT, A b3 Rl fa
LAtk CO 1 HPHFH By, HAKEE N 630 bp, 40 4%
COIl WM FH LA 5 kAR is, Hd, H
ANTAME RS, LR —FEAL . EA. T,
G Ml C W& =55k 21.6%. 26.0%. 19.2%F
33.2%, HH, A+T [ #(47.6%)L T G+C &t
(52.4%), 40 % COIl HEFFHIE LT 6 oAt
(Hcl-Hc2), Hop, PAfEi He3 B £ (17 1Y),

58 He2 a0 (1 1Y),
22 HEBABHEBESHESH

KT DnaSP R 3 A R AR £ s AL 22
PESH(ER 1), IWFE LTI, Cytb SR A5 Z
FEVE R AT TR Z B 40514 0.755+£0.045 F1 0.00129+
0.00010, A5 F-1425 F 40k 1.469; CO 1 K sl
Z B MR AT TR 2 FE M 4 0l o 0.700+0.047 Al
0.00207+0.00016, fif5EF-34 25 5400 1.303, 4554 &
7, Cytb Al CO I JEH 35t f% ZHE KT R B K
1R B 7R 2 R M RMIR AT TR Z R A

x1 HFPRREEEZHELSH
Tab.1 Genetic diversity parameters of P. Hyal ocranius population in the Hongze Lake

N PR

Z/MRRC PR PRI ARE BHIRZ R

Population Sample Gene Polymorphlc Haplotypes Hz_aplotype NL_JCleoT.Ide Average nu_mber of
number sites number diversity diversity nucleotide differences
KR 40 Cytb 6 7 0.755+0.045  0.00129+0.00010 1.469
P. hyalocranius col 5 6 0.700+0.047  0.00207+0.00016 1.303

23 Cytb#0 CO | EF B FRIRG LK

K H Mega #4433l 155 Cytb Fil CO I 5& P L%
T 2 [i1] By it A B 2 Cytlo 35k PR BA35 100 2 [ia] fi 338 4% I 5
1£ 0.001-0.004 z [8](F£ 2); CO I FE[H A58 2 [a] (1)
1AL ] B /E 0.002-0.005 Z [A] (% 3)., Hubnl LAfF i,
HEPR I CHR A1 Y Cytb F1 CO T K& PR BAAH% 1Y 2 [a] fi 3t 1%
FEER /N

DA B AR /R A E, SR NI kA gt Tt
B R fE Cytb A1 CO T LR A5 RIAY R G (1 1
FE 2), & 1 FIE 2 AT, Cytb F1 CO T FEPH HLA%
IR Fy—, R BLTR 2 (] i R, X5
Cytb 1 CO T Jk A HLf% 7 2 ] (18t (& B B (2 2 AN
P Q) A — Bk BRI 2 ] p) g A% I S K R et Ak
W], LR R f RS A 2 (AR S IR A% 41k o

*2 KiR& Cytb RFE B EREMIREERS
(F£F Kimura-2 parameter 1)
Tab.2 Genetic distance of the haplotypes of Cytb of
P. hyalocranius (by Kimura-2 parameter method)

37 31

A Hbl Hb2 Hb3 Hb4 Hb5 Hb6 Hb7
Haplotypes

Hbl -

Hb2 0.001 -

Hb3 0.001 0.002 -

Hb4 0.002 0.003 0.001 -

Hb5 0.002 0.003 0.001 0.002 -

Hb6 0.003 0.004 0.002 0.003 0.001 -

Hb7 0.003 0.004 0.002 0.003 0.001 0.002 -

#*3 KIR&CO| EERBEREMIEEES
(3£ F Kimura-2 parameter %)
Tab.3 Genetic distance of the haplotypesof CO1 of
P. hyalocranius (by Kimura-2 parameter method)

(ST
AR Hcl Hc2 Hc3 Hce4 Heb  Hcb
Haplotypes

Hcl -

Hc2 0.002 -

Hc3 0.002 0.003 -

Hc4 0.003 0.005 0.005 -

Hc5 0.002 0.003 0.003 0.002 -

Hc6 0.003 0.005 0.005 0.003 0.002 -

Neosalanx taih s
0.01

P PR R G Cytb JEDR S AL 1 NJ 2R 58 & A A
Fig.1 Neighbor-joining tree of Cytb haplotypes
in P. hyalocranius

53-Hc4
70} Hc6
64 l11c5
e
Hcl
|Hc2

Neosalanx taih is

L |

0.01
K2 PRI CO T L BAAE AU NI R GE K A
Fig.2 Neighbor-joining tree of CO1 haplotypes
in P. hyalocranius
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24 RIRGFEFH LT

PRI AT A R s, Cytb Fil CO T JEH 1)
Fu's F {4 A ffE, 4 %°h—-0.32836 F1-0.52548, 1H
SRR B (P>0.1), SR PR B AL
B 15 25 43 A (Mismatch distribution) 73 Hr i 5L B
W T (1] 3 P14, r i A 56 R Fe B ki A PR 2
HEPE R AR A D S B AT R T REEY Tk F

0457
0.40
035}

>
g 0.30F
5]
3 0251
2

= 020

g 0.15
0.10}
0.05F

ot . . 4

—— JWEE{H Exp
—o— SLHI{E Obs

5 10 15 20
FiX} 22 5% Pairwise differences
K3 KA mDNA Cytb 3 X ¥ 51 4 i i 3 43 A
Fig.3 Thedistribution of mismatched basesin mtDNA Cytb
gene sequences of P. hyalocranius

0451
0.40F
035F

I
£030f
Q
2025}
2

K 0.20

g 0.15}
0.10F
0.05F

0 -

—— HIZA(H Exp
—o— JRWE Obs

0 10 15 20

5
FiX} 22 5% Pairwise differences

Bl 4 AR mDNA CO I JE K 51 4 B il 3 43 A
Fig.4 Thedistribution of mismatched basesin mtDNA
CO1 gene sequences of P. hyalocranius

3 ifip

AWFFE T2k 1A DNA Y Cytb Fl CO 1 [N
GIFRE T UERE 0 R 0 A ist A% Z 6Pk . B St Xt Cytb
1 CO T [ A M A5t 7 271 18 i 32k 20 B 2 TR+ AN 28—
Pk, 5520k /R DNA GRS B H A —B0PE (PMVIS 45,
2011; WHEHSE, 2014), Hrh, Cytb JEHFHIGAL AL T,
G 1 C WP &EDIMNHN 21.7%. 29.3%. 16.7%F
32.3%, CO I FL[H /7 7 1 43l & 21.6%. 26.0%.,
19.2%F01 33.2%, 2 MEEK P I histE G &t m ik, C
S, 2B A Y e A PR (ki 4% 2012;
B IGEAE, 2014) . 5340, Cytb JFEH ) A+T 7 1 (51.0%)

&K T G+C £ (49.0%), 1fif CO I JEH H By A+T %
1 (47.6%) /N T G+C 75 1(52.4%) , 1B KAR fa 2 hr
1 DNA REZEHR ) A+T S5 G+C HBFEER .

WL SRR AR YA N B A T, R
T N AR S HE SR AT 2R TR A . TR
TR BUR M i — RV R Z R A R R
EEAYFEFR(Vrijenhoek, 1994) . AAFFE45 R s, %
T Cytb 1 CO 1 FE [H T 51) 4 15 1) R 1 B B 20
P43 514 0.755+0.045 i1 0.700+0.047, % H R AL
4351 0.00129+0.00010 FI 0.00207+0.00016, %34
1 BT TR 22 R M R T R A R AR A, 5 KT =
W 7K T 1) IR i R AR £ Bl Gl i 28 1 2 R M R AR L
BB, Han, WK fa A A A R 2 R
4351k 0.850+0.045 Fl 0.02960+0.00017(Z% K fir &,
2015b), UK AR £ Y B R A IR 2 AE 1 43
%) & 0.804+0.032 F1 0.0014620.00009( & %% 1§ %,
2009), KAR 1)1 ZREMERRIE o, 1AM s
BRI REZ Dyt Dy e sk A, B — BN A R
T AR A B[] PR G Sl — A R B 1R (Grant,
1998), AWFFELE R B R, Cytb 1 CO T FEH 1 Fu's Fs
EoM A, HRERE oA 5 2 e AL, 1 3R 1]
PEPEW AR Iy s B2 0 T AR K o FERNEEY K )
AR, BEEFVEEECE ARSI, B 2R BT
e, (BB BT R R R R AR R
PRI, 2 38 S BT T8 20 o T 0 v T A T TR 2 R T 31K
()38 5 Z PR (Grant, 1998), % 4h, Cytb JE[H #
fERlE T CO T JEH AR AR Z e, Uil KA farp
Cytb FE A4 CO 1 FEH 75148 S el 3xX 5 HoAth f
25 v A A AL (52 B O 55, 2009; PG &5, 2011,
T, 2014)

EA I FT 45 S s, TRV I %) A T B AR B A
FRZ T R 22 FEE Y 31 9 0.686+0.039 Fi1 0.0021+0.0003
(Zhao et al, 2008), 7 [CHi 4 ffi (Neosalanx jordani) .
fE R R AT TR 22 FE 2014 0.583+0.109 F1 0.00067+
0.00017(#X 5545, 2010). ASHIF5E AY LRI AR £ 11 5t
1 2R R T B AR f R T AT e £, (EAIR T R
Fo = e P XY R AR 35t iR 22 M (B R AR 5%, 2009;
ZERAwSE, 2015b), MERMAORAE , LR IIER f b o 5%
TRt L Z A TR o — ROk UL, YR isi%
ZREVE R AR S HOE N B8 7 L AEAERE T Atk Ab i H1 %
G F & M BE 2R T R A 5 i 1 30 N AR A7 T
J1. FEMEMABA R RE T MR, YR
SER/D I RE S EUTE G R, TR R . AR S
FARCRARG B AR A 0T B 458 A8 Ak 1 3 1 g
(Yang et al, 2007). Ht, 5 ZMAT A £ 0 R
PRA I BE AR AR A0 BRI B e s 2R
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g LR T R o G U T R 2 S R ) JH B4 LA

BR[04 38 1 B 5 R NI R G i LA Y
PRI R A BRI 2 TR AL R B AR R, LT
FURE IR — 3, R KR RPN A S o
ko X % B LR AR fa AR R A T b PR 2, L
AR ER IR S, BB A HA B AL R Bk . [H
BRI, A B =08 g [X R AR A R A B B 70 2 (i) L
A A 5%, 2009; 25 K4, 20150) ., AHF
FEFR, BEPEI AR fr B R A R S, e,
TE Cytb KK 7 A5l B5R Hbl Sl
16 >, TEAf%E%E Hb2 F1 Hb6 $ig HA 1 4 7E
CO T MM 6 N Hfis Rl | A5 He3 B A 171,
T BAE R He2 B A 14, MART T, X B fs RUg
DI KAR R IR A BASOLON L, HAT,
Bl T VK A e DR R R 2 R VR T Rk
R B EE LR, 0 B ST A A X B A 2R U
T2 A0 B35 A% Z2 REE G 52 M Bl = B2 DA (TR HE 1 56
2013; W SCHAE, 2013), 3 izt 20 B A 5% 446 B 5 A A
SR A BRI 2 B AL OC R, R AT BN TR A R A
B B REARBCRE , A AR T AT R T I = 0 SR
PR 2 REbE . L, AHIFST T LA JF R
0 NG N ER T TR A R

Z £ X #
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Genetic Polymor phism Analysis of Cytb and CO I Gene Sequences of
Protosalanx hyalocraniusin the Hongze L ake

L1 Daming’, L1 Kang?, ZHANG Tongqing", TANG Shengkai®, LIU Yanshan',
LIU Xiaowei', MU Huan®, HUANG Yuefeng®, PAN Jianlin*"

(1. Freshwater Fisheries Research Institute of Jiangsu Province, Key Laboratory of Fisheries Resources in Inland Water of Jiangsu
Province, Nanjing 210017; 2. School of Life Sciences, Nanjing Normal University, Nanjing 210046;
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Abstract In order to analyze the genetic diversity of Protosalanx hyalocranius in the Hongze Lake,
the mitochondrial cytochrome b (Cytb) and cytochrome ¢ oxidase subunit I (CO 1) gene sequences were
investigated in this study. Using PCR amplification and sequencing, 1141 bp of Cytb and 630 bp of CO |

sequences were identified. For the Cytb sequence, the contents of A, T, G and C accounted for 21.7%,
29.3%, 16.7%, and 32.3% respectively. Six polymorphic sites and 7 haplotypes were obtained from 40
individuals. The haplotype diversity and nucleotide diversity were 0.775 and 0.00129 respectively. The
average nucleotide difference was 1.469. For the CO I sequence, the contents of A, T, G and C accounted
for 21.6%, 26.0%, 19.2% and 33.2% respectively. Five polymorphic sites and 6 haplotypes were obtained

from 40 individuals. The haplotype diversity and nucleotide diversity were 0.700 and 0.00207 respectively.

The average nucleotide difference was 1.303. The kimura-two-parameters analysis showed that the genetic
distances of the haplotypes varied between 0.001 and 0.004 for Cytb, and between 0.002 and 0.005 for
CO I . Furthermore, the phylogenetic tree constructed with the neighbor-joining (NJ) method indicated
that the haplotypes of P. hyalocranius formed one clade, which suggested that there was no genetic
differentiation in the haplotypes of Cytb and CO I of P. hyalocranius. Fu's Fsvalues (-0.32836 for Ctyb
and —0.52548 for CO 1) in the neutrality test was negative, but there was no significant difference. The
mismatched bases distribution analysis showed a peak type, which indicated that P. hyalocranius in the
Hongze Lake had experienced a population expansion.

Key words Genetic diversity; Cytb; CO I ; Protosalanx hyalocranius; Hongze Lake
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