. N ‘\\ AYY AYY
%20 %5 13 W HEREER Vol.29, No.1
20204 1 H JOURNAL OF SHANGHAI OCEAN UNIVERSITY Jan., 2020

MEHS: 1674-5566(2020)01-0009-08

DOI;10. 12024 /jsou. 20181102429

ET&HE Cyth FINI MBS LEREEERSHEST

HFWE, BREF, THE, T N, TKT, BEXK

(VLI P22 BE K= BHE A BE, T35 280 225300)

O LI MR SRR BN 3 X TE IR G 2 SR REIR IO ZRRLIR Cytd BEIH 42751
PEAT TN E Mo SRR SO BRI Cyth BN K 1 146 bp, BEARY A G T C ¥ 23 HE 535 N
27.57% 15.77% 43.49% 13.17% ,A+T &8 (71.06% )M B & T G+ C 55 (28.94% ), £ 77 M Ttk 4
LRIEREA R SLAGINE 96 DAL, A 58 AN ZF B LA, AT 47 AR R SR AT EICH 1A,
3 TERBERIERHA N AT RS AEE R TR Z AL IR IR 22 5+ £03 71 2 0. 9781 0. 0133 ,15. 20,
FCr A M I B AR PR 1) A TR SRR E (0. 987 7) R H AR ZHERE (0. 013 1) Fieiy o 3 MM IA] Yy 3t 1 7 A 5
F,30.065 1 ~0.175 6, H22 57 B3 (P <0.05) , ARIBHRRIAFAE—E i L 704k . 73175 223 K (AMOVA)
FWL 11 13% (A 5ok FREORIA 88, 87% A8 5ok FREIRIN . AR HIA M ) B B R G0 0 77 HE AL B
AN [ B AA ) AR S S5 A , BT O i P AR o v A B R R AN C X A 45 SRR, 3 AN 58
PR 2t B AR R S AR MR R RRE , B A B R RED 5K

KEIF: TEIRELRIE; Cytb; wifL ZHEME
hESES: S917.4; Q31 XEARER: A

Fo R4 2 0% ( Whitmania pigra Whitman ) | {&
PRI 2 7K 05 24 BF 09 32 30 i, o B2k Dy T
WAL A ZGEAE M Gl 28 RS A
VTN I B T B
AU E . UTAER, T30 B0 A 4 4R % 1) 5 5K
AW, AR M i S ik Fp 2 v o R,
BT EREE T B K BUEAL A 25 A I I TSR R
PINENE e L A B ST S N i B2 112 N [| P N
AL RE, SER G 2R IE BT AR B IE H 25 08, S
SR 2, A )2 T R S AR 4 2 g IR AR o
HHT, X TR ARSI i s R 2L T 2%
FE HUBEIML S VY T 20 85 25 FHPL A N T %
BENW T KT ik &R IE R kT Kt
S AGHIBIF ST B A HAE T JEA O TE A 4 2R 0 A
J3E BE AR 0 I T (A 5 0 A A 31 5 4 O e, AL AL
g Y e RAPD ARICHTSE TR B
WL R B T IR A SE S A TE AR 2R i HE IR

Wi EHER: 2018-11-08 f&[E HEA: 2019-07-02

3B AL Z ARV KR BT IR BUIR . VLIRS 2T
SR GEMETRIA R , T ZR M A WA S T
B T L R A B A T AR Y ORI M,
WFFE A o G R BRSO R, (H i R DL 31 56 T
ZCHb X I8 T A 4 i A A AR BT R R U T
AT ST

Z kiR DNA ( mitochondrial DNA, mtDNA) H
A LR TR B BR P 38A | E A R R LA R AR
AR A N — R R R 20 TR i, B8
TR E ARG R T R |
LA E b (Cytochrome b, Cyth ) J: [H 3 fb
A, B TR AN Y, HAE O 2 g Ak
HESFIIIREC AR B, 0T 5T sh ¥y it 1% 72 5 1y
RAFPRIC, B TE s ) R R iE 1L L B G0 & & SRt
FE iRl

FIHIZRLIR Cyth JEH FFHIE R 73 FFric , b
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10 A PN 29 &

A A 2 i LR (A ) 352 15 2 RE PR EA T
DASINT 32 X do T % 4 2 0 o 5 9 5 IR 0 A7 O
il s DT B A < 2 0 W 8 Py PRy 1) D B o il
R PR AEIERE TORE S A K H

U RPRS ik
1.1 Ie#t#
2017 48 — 11 H FaM sk K B IERL |

PN ERHE 3 A Hu X 53 1) R 4 B8 1A 4 2 e B A
426 .26 .25 JB, PR 10 g LB
AREESGIT 95% Z R E 4 CAAE# .
1.2 ZBH*
1.2.1 J:[H4H DNA f42HL

FFA TR 4 e FEAS B 4147 24 30 mg,
SR b 50 3 A W 2 R ) 3 DR 4 DNA
PR BOR ] G 3L R 41 DNA, T 1% B
BER LUK HEATRRIN , —20 CIRAEE .
1.2.2  HE A B PCR § BRI

A4 GenBank $23H 1Y 8 14 4 2% 5 4R b K 42
K31 (315 : EU304459. 1) Hi Cyth S it
W%t G 4 2k M LRk TR Cyth JE PR 42 5 51 HE T
yue S H F. 5 -CATTGTTGTGAAGTTAGT-
3',R:5'-TTGAAGGGTTATAGTTTA-3", PCR "1
A% 25 uL(Mix:12.5 pL,F:0.5 pL,R:0.5 pL,
ddH,0:9.5 wL; DNA #i#z:2 pl) ., PCR $" 14 F2
J¥:94 C HiAE Pk 3 min;30 PMEHR (94 C AL 35
s 41 CiBk 30 s.72 CHEMI 95 s) , FJ5 72 C 4t
i1 10 min, §34HI ] 1. 5% B S MR I e Dk
PRI J 26 A A TR T (i) B A PR
FIPEATIN .
1.3 RS

A% )5 51 BioEdit™™ &4 £ 47 )3 51 44 4 |
FOXF, HEEAT N TR IE . SR JH DnaSP 5. 07 #i ff
TS S 07 25 80 18T 2404 B 07 A5 8L B3 TR B
I Arlequin 3. 117" B4 5 91 Bl RE 20 i -4
TR 2% S 8 A3 B R VE RIS 17 IR R 1
KT 75 22500 (AMOVA) JEAT A 138 1 4
AT, 315 Tajima’ s D' {EH AN Fu’ s Fs'™
JHFH A 06, I 247 0 R AN T ) 43 A3 46 0
AT R BE S A A W, Mega 5 B {4 3 F
Kimura 2-Parameter 5% {5 19 3 ¢ 4 41 £ 182 %
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BE S, 36 ] LA 4 4% 3% ( Neighbor-Joining ) 4 2 5 {4
SR HAERIR G R B

2 R0

2.1 BEEELIE Cyth EEFIIARMIN

SEPAT 77 D TENR B LRIELNLIR Cyth FE[N 42
FP41, Cyth ZEH 410 1146 bp , JCHRAE 3 AR
Bk FEAR ALG.T,C KP4 & & 75
27.57% 15.77% 43.49% 13.17% , H+, A +
TEHE(71.06% )it @ T G +C 3 (28.94% ),
Cytb JEDA (1m0 0 B AT B i fey 1, T 1) &5
A T 3 AR
2.2 BHELIE Cytb ERFIIELR ST

LRI 2 96 A~ Z ALk, H A S8 A2y
R BAALAL, 78 A Fe i, 19 Ab st 3 AR AL
SV Fre 2 W AR N IE R A AR (63 A4~) 1 3 i
PRI a5 295 B R B 25 AN K, 730900 8 37 (I3 M)
SRR ) 36 (FRMIEERL ) 34 (MR ) , Wk 1,
TETT AFEA LA 47 A Ff i 3L s L R
%1 4~(Hap 6) ,#fEJl Hap 6 AT HEREIX 3 PMHFATE
RELiE iR I ZINIEA S MR IE 5
AR, 8 N AR S 20 N AR JE 22 3 > B
B TRMEEA S NI 2 7 S TR L 28 M)
R REAATA 1 AE R H e 22 (22 ), 95k
MR (16 1>) o 7E 47 D HLFTIH A7 38
AN B A R AT (5 1L 80.85% o i,
BMIFBAEAAR 19 A (Hap 17 ~35) , M i B 4
£ 12 4~ (Hap 36 ~47) , Fp M IR ZKUERER 7 4o
TEFTAT HAG RE rp B 5 g 119 2 Hap 2(7 40)
1 Hap 9(6 ) , 15t W3 14 b BA 704 ] B 75 v
PR 2t I FE Al i i v B A B 1 AL
PILHA,

3R SRR AR BT IR 2 A
PE PRI IR 22 57 5000 0.978 1,0.013 3,
15.20, o op 42 i B AR 1R A9 PR 4 1Y 2 A 4
(0.987 7) BHMRZHAE(0.013 1) KFHZH
MR 7E 58 (15. 03 ) My T H AW PSR, I3 M 5K
GBI ) B TR 22 RE 1 (0950 8) AR, M
MR IR R Z A1 (0. 011 0) S I H
MR 2254 (12. 55 ) ¥fw it
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R1 FEEHESLIE3 NEFERBLRE Cytb EEFIHEESHEESH
Tab.1 Genetic diversity parameters of mtDNA Cytb in 3 populations of W. pigra

" - FLAE AR BAF iR SRR
FAETIRY [EESKEHES o ot . e
el A BB e VB SR FHHE ERY
Population Haplotypes/  Variable sites Parsimony lransmo.n s Hellplol)"pe NU-CleOl.ldB Mea-n pamse
cample size information sites transversions diversity diversity difference
sample size sites h () (k)
HIM(SZ) 16/26 51 37 45/6 0.9508 +0.0241 0.0126 =0. 0065 14.41 £6.67
FM(TZ) 22/26 63 36 52/12 0.9877 +0.0139  0.0131 =0.0068 15.03 +6.95
M (YZ) 19/25 55 34 46/9 0.9600 +0.0290 0.0110 +0.0057 12.55 +5.86
ST Total 47/71 96 58 78/19 0.9781 +0.0068 0.0133 +0. 0066 15.20 +6.87

2.3 BEHSKERFSEEEHIN

H1 8 2 FIHI, AR 4 2 W A A4 ) 35 4 B 5y
0.013 ~0.015 , Horfr  Z8 M B HEAAR Fi1 47 M e R A
PR 8] ) 352 4% B 4 K (0. 015 ), 5 N 5K X s
VA7 1o B AR [R] 4388 4 B B d5e /> (0. 013)
15 3 A FREEAA 477 M o R A 1) A P 3t £ B
BER/IN0. 011 ), 54 3k 5 v AR 2% M T Bz A A 1)
FENBHE IR 0,013, FEiRG 2 3 MHEA
] () 352 4% o3 AP 4 F 3 FI 0. 065 1 ~0.175 6,
HZERRBFH(P<0.05) W] Tk 4405 3 i
PR Z AR 8L o Ao Fovh, 28 M 9t B
A 5547 M i R A 22 T )35t 4% 20 Al 48 B mn ,
0.175 6, H2: 54l .2 (P <0.01) , B P fF 4K
356 43 Al ol .5 . AMOVA J3 i 45 R WoR,
B A 4 A )RR A PN ) 38 A 2 S 0 i) o
SRS 11, 13% F188.87% , H o ALi6 % F N
0.111 3,257 B3 (P <0.05) , Yl 95 k4 L g
B S EEOR A RHAN

3 F Kimura 2-Parameter 1 % D) 4F 52 &
( Neighbor-Joining ) F4) £ SEA 4 2% 3 MHE(A Cytd
SE SRR G AR E B (& 1) A 30 BB &
1 000, Hi[&l 1 A] L, 3 AN Y P A AR B IR
FAE—L, ]z oA T A RLARHER R R B, R
R O SRR EIR ( <50% ) , B KLY
YIRS B R A R 5
2.4 EHRSHKEHENTSN

XF GEMR A L g 3 S B A BEAR R AT A 5
FIAZ H TR A BC X 23 A 7y B i 45 2R B, Bk
Tajima’s D {5 -0.749 0(P >0.10) ,Fu’s Fs
R -13.633 7(P <0.05) o 435544 H P 2
PRHEAT PR A 36, e, M 5K S HE E AR 4 M
1= WA Tajima’s D Fl Fu’ s Fs (57010 % 22
F(P>0.05), ME\BEBEFEALD Fu' s Fs
(-5.6802) M@ EMME(P <0.05),Tajima’s D

{H4 -0.344 9 HIERAEH(P>0.05), %k
AR PR RUAZ AT TR AN BC X oAt B 221 e (1]
2), WA -5 30 SR e B A Yo 2R 0 3R
W] ,3 AN S8 AR <5 2 B A AR A A RN R R A S
T , B R A BT AR RED 3K

F2 BEEESLEEEN . BEEESEES
Rizfgsrdb F,
Tab.2 Genetic distance within and between 3

populations and population pairwise F, in W. pigra

Eﬂz{:. I SZ ZEM TZ M YZ
Population
e 0.0651 0.0896
AM(SZ) 0.013 (P=0.027)  (P=0.018)
0.1756
FIM(TZ) 0.014 0.013 (P=0.000)
M (YZ) 0.013 0.015 0.011

TE X LR BT R AL S AR H o, XA R N A B
X FAERTE T R i B

Notes: Population pairwise F_ ( Above diagonal ); the average
distance within population ( diagonal elements) ; the average distance
between populations ( Below diagonal )

3 e

3.1 BEEESHUEDN
w2 A PR A i AL Y SR AL, SR
1 PERHEHT LA B 3 Ny AR 1% R85 8 B A OG ) a8t G
Z R B AR 2 3 B0 B 30 58 A8 A 1) fig
IR BTSRRI AL ZREEXT TR S R
P IIAR ] B A o R R 4 SR gt LA SR A 7 57 B
TERP TR 30 1 T4 B 25 T B T Y
IRA BRI ZRE M (R ) ST IR ZHEE () 21T
W RER AL ZREME K A T B bR (R
RIRBERZ BB, A% GRANT 41
KTLAAR DNA 7 5135t 1% 742 S5 (0 B3, B 78
ZHEEE(h) SEHREZFE (7) MAG 70 4 F
KA 5 h(>0.5) 5% 7(>0.005) ;5 h( >0.5)
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88, Hap 8 (SZ)
—Lﬂap 41 (YD)
— Hap 47 (YZ)

- Hap 1 (SZ, YZ)

Hap 36 (YZ)
65 Hap 38 (YZ)

61 [—Hap 43 (SZ, YZ)

Hap 14 (SZ, YZ)
2 ﬂi—ﬁap 39 (YZ)

Hap 2 (SZ, YZ)

25
97 Hap 44 (YZ)
L Hap 45 (YZ)
36 Hap 12 (SZ)
Hap 10 (SZ, YZ)
og| |Hap 6 (SZ, TZ, YZ)
22| 3‘{4 |:Hap 19 (TZ)
45 Hap 29 (TZ)
86 Hap 24 (TZ)
—LHap 30 (TZ)
51| 57 Hap 31 (TZ)

|:Hap 15 (SZ, TZ)
47 Hap 25 (TZ)

29

Hap 13 (SZ
Hap 40 (YZ)
Hap 4 (SZ)

0. 050

100

23 Hap 34 (TZ)
61 Hap 35 (TZ)

Hap 22 (TZ)
5‘—Hap 32 (12)

Hap 5 (SZ, YZ)
Hap 42 (YZ)

Hap 46 (YZ)

)

Hap 7 (SZ)
Hap 37 (YZ)

Hap 3 (SZ)

Hap 1 (SZ, TZ)

Hap 9 (SZ, YZ)

62

97

SZ. JRINBER; TZ. ZRMBEIAR; YZ. 7 A

SZ. Suzhou population; TZ. Taizhou population; YZ. Yangzhou population
1 FRELKIFLREK Cyth EEBFEE N RER

Fig.1 Neighbor-Joining tree based on mtDNA Cyth haplotypes of W. pigra
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0.10
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% Frequency
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. L AE Observed value
== T }{H Expected value
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A 2R/ Pairwise differences

2 BHESKBLENE Cyth BERZEFBRAEIN2HE
Fig.2 Mismatch distribution analysis of mtDNA Cytb sequence of W. pigra

% 7 ( <0.005) ;% h( <0.5) 5% 7 ( <
0.005) ;% h( <0.5) 5% 7( >0.005), 3 4%
R4 2 I TR I 11 B35 20 2 RE 2 T 0. 950 8 ~
0.987 72 ], ¥ 1 IR Z ¥ % {7 T 0. 011 0 ~
0.013 1Z[a], e h i o B, B2
Vs M R R B A Mk SRS 3 SN ] R A
1) A 4 2R IR R A8 A% A8 53 /KO 4 45 v, o I 5%
ARAL AN SR EFR 135 1 E 7 5 , BF A T 1A 4 2R
W R ALK TR U (IR A o v, 2R M g oz 1
PRI PR 2 RV S 17 IR 2 B PE7E 3 AN BE A
w8y a3 T, 55 A 1B A S BB AR L 2%
PN TR I TR S B o B R P AL 2R N R K
S TEEUAR R 47 M 1 R o 44588 15 22 % T AT X 3/ o
FE RS SR BRI MR IR M Sk S N
HIR 255 3t 1) B 2 G AR 4 LR MR HEAT SR I S I, R PR ZR
VA B b X5 1 4 408 0 % 9 BTG 3 I 49 73
B T IR MR K s S M b X, (g
(R BRI I RE 7, A I 5 b 2 57 1) Hh B AT RE
ANTR) . [X 5 A 4 2R 05 )58 A% 28 2 O, E— 2 e
BE EEUE T X — WA .
3.2 BkEEEEMSN

TP TRE A ) 28 2 Y22 0 Aol 20 1] ) 2 IR 52 07 o
SE TR R AL A T M B S 2 B RS
FEAAR ] 0 5 DR 28 0, 2 o ol st A% 40k 1) 22 [
ZU RN A [5) $b 3 X ) 2 B 25 SR AR
PEAE AL 20 i 1 2054 2 S s 0 3 i =
i VA 4 A B R A N 1) 38 A A8 S R B o TR
A1), 38 14728 S ok B TR A, 510k %t
Filk 42k 0% ) RAPD [ ISSR \SARP /> T-FRic HY

WFREE R —2 WAL 55 F TR R i 5 1
PRIF AL S UTR B B AR, M L L F Lol
0 ~0.05 B 3% B 3wt A% oy AL R BE 41K, F, 0. 05 ~
0.15 R MR 45, F, 4 0.15 ~0.25 {3
AL FREE R R T 0. 25 B AL AR BEAR K7,
AR IS, SER A 20T 3 MREA M 7R 7E— 2
flise AL oAk, Horb, 950N 5K 52 B A 5 28 N g 1
FEAAR T N w3 IR AR 22 1) 3 47 A v S5 7 B 1Y) 3t
oAk, 2NV g BE AR 5 4 M s WS B R 22 i) s 1
S LIU 255 ) i T ART XL 9548 1)
KA A% EEBH AR 505 7 S b X 58 1A 4 2k 0
FHARB AL S AT ST, AR R BT 958 AN [R) b
PR NS TR R NI BT o W A A N o e
2l VRIS B WA [ M X S84 4 2 0 e A i) e A%
0 19 22 57 5 S B b B B B — 28 M AH e
A% SLAYKIN'Y 32 0 iy Wl 5, AR s 15 Ak 5
23 () M PR B 5 0E ) 5C 2R, BIVRE AR () b B0 '
I, B PR AE U B A B AR A AR EE N FE N
g R N D P 1§ R ENTR FOBC T EN-8 5 S T [E)
WAL SRR A ey, I T B T R 4 4
g F SRR A BR, R 1A (] Y 3 R 32
i, Hi a5 e HmeE - 1Bk
PR S SR 2 th TR e s,
RELAiSF A [7) s BB FRE A (1) 1) 35 PR A2 i 1 & 1 7 A 3o
A AARZEML o DRI, 30 e 0l 5 T R 9 1
SR BRI L P e TR T
FENEH . 3 A SRS LI R A A7 — e
FE B AL 434k, A IF R TE B B S ) Hb B 3% R 25
¥, GBI AR AT AT T — 8 I 6 PR 389, i ]

http: //www. shhydxxb. com



14

oo FE K ¥

¥k

29 %

A AN TR b DX S Py A B 22 5 L F AR IR LA JC A
PG NFLEAEAMAE R . AR, TR i
NLFRFE Vs e Ji , m] RE AE — e R B L
ST AN ] b IX B AR 4 R e 22 TR ) R PR S

g b IR B MR A MR 3 A

B A G VA S A b R S ) A A S T AL
DAL R T B R K B AR B IR AL T4
U RS, ORI R AR B A 0 AR < i B DA A
0L, {E R ) R Xk 18t A% 224 1k 5 JICEE R i, 2
BRI 5 A5G R SR, AR B A
BT IR o MR, 28 JHBER 1275t o g ) st
T ZREIEIKF BT IR, Pt , iR i
RO X 55 M 5K 5 7 147 M 155 IR T8 1K 5 £ g A
PREA BEAN R (et LB IR ey I 522 A e

SE Wk
(1] tadl. HESEIM]. Jbst: B AR, 1996 139-

(4]

145.

YANG T. Fauna sinical M]. Beijing: Science Press, 1996
139-145.

JAIR, ASCHE, RN . K (Y 2 AR T B I AR 1B A
FUBIEL)]. PEEZE A, 2012, 29(1) ; 132-133.

ZHOU L, ZHAO W J, CHANG W Z. Advances in
pharmacological effects and clinical application of leech[ J].
Information on Traditional Chinese Medicine, 2012, 29(1) :
132-133.

X Beds. FETRAAINZEE R0 T ARG E R TR G R AR A
JEi LIRS D], P92 BRPHINE R, 2011

LIU Y K. Taxonomic research of Whitmania pigra and
Whitmania laevis based on cluster analysis and molecular
phylogenetic analysis [ D ]. Xi’ an: Shaanxi Normal
University, 2011.

TRHL, XA, BRRHT, G5 SEIRGZUE BB M A USRSy
SEBFTE[)]. BB EEEEZ, 2016, 27(5) ; 1086-1088.
TU Q, LIUY M, CHEN K L, et al. Study on separation of
anticoagulant active components from Whitmania pigra[]].
Lishizhen Medicine and Materia Medica Research, 2016, 27
(5): 1086-1088.

AR, DT, BT, & SR ELRIE N TIRAEORT
FEHERELT]. vl R S hRiE, 2018, 8(2) : 3641.

LIZ F, LUO L, LI W L, et al. Research progress on
artificial breeding technology of Whitmania pigra [ ] ].
Chinese Fishery Quality and Standards, 2018, 8 (2). 36-
41.

RERAE, TS, TR, % TiAGLIE BRITERE g
A RAHERTFE [ T]. BRI Ra22A41E, 2016, 25(3)
374-380.

XIONG L W, WANG S B, WANG J G, et al. Study on

http: //www. shhydxxb. com

[7]

[10]

[11]

[12]

[13]

[14]

[15]

reproductive ability and growth traits of the Whitmania pigra
Whitman[ J]. Journal of Shanghai Ocean University, 2016,
25(3): 374-380.

WY, Heih, HEE. 6 FKigfy CO I 128 rRNA Fl116S
rRNA S KOy TR A (] AE=# 2R3, 2013, 30
(6): 10-13.

XU Y L, NIE J, XIAO L. Molecular evolution analysis of
CO I, 12S rRNA and 16S rRNA gene in six species of leech
[J]. Journal of Biology, 2013, 30(6) ; 10-13.

LIU F, SHI HZ, GUO Q S, et al. Isolation and characterization
of microsatellite loci for the analysis of genetic diversity in
Whitmania pigral[ J]. Biochemical Systematics and Ecology,
2013, 51: 207-214.

XK S R > W R A SRR T AR TR
[D]. Fint: MAatRlR2, 2008.

LIU F. Study on propagation habits of Whitmania pigra
Whitman and its genetic diversity by molecular marker[ D ].
Nanjing: Nanjing Agricultural University, 2008.

LIU F, GUO Q S, SHI H Z, et al. Genetic diversity and
phylogenetic relationships among and within populations of
Whitmania pigra and Hirudo nipponica based on ISSR and
SRAP markers [ J]. Biochemical Systematics and Ecology,
2013, 51 215-223.

LE2, LR, TR, % THRGLRIES MR
WL ZREIL RAPD 34 B AR KAR bR LA L [T]. VL
a4l 244, 2018, 30(10) ; 7-12.

JIANG A L, WANG X H, DING C L, et al. Genetic
diversity of five geographical populations of Whitmania pigra
revealed by RAPD analysis and their growth index comparison
[J]. Acta Agriculturae Jiangxi, 2018, 30(10) ; 7-12.
RSP, #EE, BIOY, 5. FETLORIA Cyth 2P AITFHR
A VURHR B AL 45 H 3 M [T ] P R RE2, 2017, 24
(3):432-439.

NI S S, YANG Y, LIU S F, et al. Population-genetics
analysis of the Japanese scallop Patinopecten yessoensis based
on mitochondrial Cytb gene[ J]. Journal of Fishery Sciences
of China, 2017, 24(3) . 432439.

WAz, A%, FRBL A SETIAZORASER B R
AREERRERFT]. KAEAYER, 2011, 35(3):
449-459.

GUO L, L1 J, WANG Z S, et al. Phylogenetic relationships
of noodle-fishes ( Osmeriformes; Salangidae) based on four
mitochondrial genes[ J]. Acta Hydrobiologica Sinica, 2011,
35(3) : 449459.

LIU Z J, CORDES J F. DNA marker technologies and their
applications in aquaculture genetics [ J ]. Aquaculture,
2004, 238(1/4) . 1-37.

BRI, KW faZsZopiik DNA it S5k )]. K
H AW, 2000, 24(4) : 384-391.

XIAO W H, ZHANG Y P. Genetics and evolution of
mitochondrial DNA in fish[ J]. Acta Hydrobiologica Sinica,
2000, 24(4) . 384-391.



14

T, % ST LRI Cyth FF A9 3 AN TR L IR e 2 AR o i 15

[16]

[17]

(18]

[20]

[21]

[22]

[23]

[24]

WP, B, WK, 45, FET mtDNACyth FER P A1 1
FEl AN [ 7K 5 B A Sl il R i 1 SR S RN D s A [ ]
IKPEAR, 2017, 41(10) ; 1489-1499.

XU D D, HUANG Y, ZENG Q, et al. Genetic diversity and
population history among geographic populations of Silurus
asotus in different water systems in China based on mtDNA
Cytb gene sequences [ J]. Journal of Fisheries of China,
2017, 41(10) ; 1489-1499.

EOPF, ARME&, M, % FETLORM Cyt b B K751
HASEJEE ) gt A ZRE L Ar A (1], KRR,
2018, 39(5) : 89-94.

WANG J P, ZHU P F, WANG J, et al. Genetic diversity
analysis of Corbicula fluminea in Dongting Lake based on the
Mitochondrial Cyt b gene [ J]. Journal of Hydroecology,
2018, 39(5) : 89-94.

BLSE, %, LIk, % B TRRK Cyb HERTRT
A XTI 4 A~y IR O 038 1 48 40 S Rl Ak L ).
BLTIRZE2A4R (HAABIERR) |, 2010, 49(5) : 701-706.
ZENG F R, WANG J, ZHOU K L, et al. Genetic structure
and population differentiation in four wild populations of
Marsupenaeus japonicus based on cytochrome b gene segment
sequence of mitochondrial DNA [ J]. Journal of Xiamen
University ( Natural Science) , 2010, 49(5) . 701-706.
ELKINS K M. Analysis of deoxyribonucleic acid ( DNA)
sequence data using BioEdit[ M ]//ELKINS K M. Forensic
DNA Biology. Waltham, MA: Academic Press, 2013 129-
132.

LIBRADO P, ROZAS J. DnaSP v5: a software for comprehensive
analysis of DNA polymorphism data [ J]. Bioinformatics,
2009, 25(11) . 1451-1452.

EXCOFFIER L, LAVAL G, SCHNEIDER S. Arlequin ( version
3.0) : an integrated software package for population genetics
data analysis[ J]. Evolutionary Bioinformatics, 2005, 1; 47-
50.

TAJIMA F. Statistical method for testing the neutral mutation
hypothesis by DNA polymorphism[ J]. Genetics, 1989, 123
(3): 585-595.

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

TAMURA K, PETERSON D, PETERSON N, et al. MEGAS.
molecular evolutionary genetics analysis using maximum
likelihood, evolutionary distance, and maximum parsimony
methods[ J]. Molecular Biology and Evolution, 2011, 28
(10) ; 2731-2739.

SLH. A ZREVE R HARAFLT]. AEWIRL (5 L, 1990,
2(4): 159-164.

SHI L. M. Genetic diversity and its conservation [ J ].
Bioscience Communication, 1990, 2(4) : 159-164.

BORRR, RE, XVHUE, 5. BETLRiA CO T B 741
P14 WA (A A 2 DT [T ). P [ e 2 22 4R
2017, 47(5) : 50-56.

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

SHAN B B, SONG N, LIU S D, et al. Genetic variation of
different Sepia esculenta populations in China coastal waters
based on mitochondrial CO [ gene analysis[ J]. Periodical of
Ocean University of China, 2017, 47(5) : 050-056.
WK, IR, MR, S HOR R DR RS 2R
PERRGRBOTELI]. R A AR YR, 2014, 22
(2):210-218.

PAN J F, SHIZ G, CHENG S R, et al. The study of genetic
diversity and phylogenetic evolution in indigenous horses
(Equus caballus) of Gansu [ J]. Journal of Agricultural
Biotechnology, 2014, 22(2) : 210-218.

B, AR, AEE, % BETLRK Cyth R CO 1
e PR RS BRI 38 o R3] K B A AL A5 AT [T .
ARl 2016, 35(3) : 65-72.

XIES L, LV Z J, ZHOU A G, et al. Population genetic
structure of C. multiradiatus, C. bouderius and C. henrici on
the mitochondrial Cyth and CO [ sequence[ J]. Ecological
Science, 2016, 35(3) : 65-72.

GRANT W S, BOWEN B W. Shallow population histories in
deep evolutionary lineages of marine fishes: insights from
sardines and anchovies and lessons for conservation [ J].
Journal of Heredity, 1998, 89(5) . 415426.

RERAE, ERME, B, % LAEARHXTEAEL
WEIFAEI R P MERE IR S (V). B E EEE 2, 2019, 30
(2):456458.

XIONG L W, WANG J G, YUE L J, et al. Study on
breeding performance of leech seedlings of Whitmania pigra in
different areas of Jiangsu Province[ J]. Lishizhen Medicine
and Materia Medica Research, 2019, 30(2) . 456-458.
X6, SI5A, anE, S KR RR SR AR S
RGRAM TS FF) 30 )], hEp Ak, 2011, 36
(4):414410.

LIU F, GUO Q S, SHI H Z, et al. Analysis of genetic
differentiation and  phylogenetic  relationship  between
Whitmania pigra and Hirudo nipponia based on ITS sequence
[J]. China Journal of Chinese Materia Medica, 2011, 36
(4):414419.

DE WOLF H, VERHAGEN R, BACKELJAU T. Large scale
structure and gene flow in

population the planktonic

developing periwinkle, Littorina striata, in Macaronesia
( Mollusca; Gastropoda ) [ J ].
Marine Biology and Ecology, 2000, 246 (1) : 69-83.
AT, Ak, B aTum, 5. R 0L a5 4 b i ik R iR
[J]. #81%, 2004, 26(3) : 377-382.

QUR Z, HOU L, LU H L, et al. The gene flow of

Hereditas ( Beijing) , 2004,

Journal of Experimental

population genetic structure[ J].
26(3): 377-382.

ANDERSON C I H, RODHOUSE P G. Life cycles, oceanography
and  variability;  ommastrephid  squid in  variable
oceanographic environments[ J]. Fisheries Research, 2001,

54(1): 133-143.
A, BRI, BOMOM, AF. BT AGNLIA Cyth HER Ay

http: //www. shhydxxb. com



16 A PN 29 &

BURG AL L 5 R AL B o3 T [T ] KRR W 22 4, Chinese Journal of Zoology, 2017, 52(2) ; 304-313.
2013, 37(2) : 199-207. [39] Xk, EuitH, L1, 55 SRS LEERE R ZoRLA
GAO T X, BI X X, ZHAO L L, et al. Population genetic DNA eyth 350 75 1t 5 Z R0 b [T ], Rl 2,
structure of roughskin sculpin Trachidermus fasciatus based on 2012, 36(10) ; 8591.
the mitochondrial Cyth sequence [ J]. Acta Hydrobiologica LIU M X, WANG L J, KONG L Y, et al. Genetic diversity
Sinica, 2013, 37(2) : 199-207. analysis of partial sequences of mtDNA c¢ythb in Raja porosa
[36] WRIGHT S. The genetical structure of populations[J]. Annals of stock of the Rongcheng bay[ J]. Marine Sciences, 2012, 36
Eugenics, 1949, 15(1) : 323-354. (10) : 8591.
[37] SLATKIN M. Gene flow and the geographic structure of natural [40] ZFE Mk, XMEPEE, TG, 2. HET4bifk CO T ZE
populations[ J]. Science, 1987, 236(4803) : 787-792. ) X ) AL 90 2 AR Bt A 382 4% 2 R L At
[38] # K, dxf, 5%, % K TLRR Cyib )37 B4R sty i [1]. KAEAYFHR, 2017, 41(3) : 581-588.
IRFFHHA DU R B A g5 dr [T 1. shi 2% LIY L, LIU X Z, YU X G, et al. Population genetic
W5, 2017, 52(2): 304-313. structure and diversity analysis of Repomucenus curvicornis in
YANG T Y, MENG W, HAI S, et al. Population genetic the Liaoning coast based on DNA sequences of the
structure of siberian dace ( Leuciscus leuciscus baicalensis) in mitochondrial CO [ gene and control region [ J]. Acta
irtysh river China based on the Cyth gene sequences [ J]. Hydrobiologica Sinica, 2017, 41(3) . 581-588.

Genetic diversity analysis of three populations of Whitmania pigra Whitman
based on mitochondrial Cyth gene

YUE Lijia, XIONG Liangwei, WANG Shuaibing, WANG Quan, WANG Mixue, CHEN Haoran
( Department of Aquatic Science and Technology , Jiangsu Agri-animal Husbandry Vocational College, Taizhou 225300, Jiangsu,
China)

Abstract; The mitochondrial Cyth genes were sequenced and analyzed of W. pigra Whitman from three wild
geographical populations including Gaoyou Yangzhou, Zhangjiagang Suzhou and Hailing Taizhou. The results
showed that Cytb sequence of W. pigra was 1 146 bp, and the average contents of A, G, T and C were
27.57% , 15.77% , 43.49% and 13. 17% , respectively. The A + T content (71.06% ) was higher than
that of G + C(28.94% ). Among examined 77 individuals, 96 polymorphic sites and 58 parsimony information
sites were detected. Besides,47 haplotypes were found and there was only one shared haplotype. The total
haplotype diversity, nucleotide diversity, and the average nucleotide difference were 0.978 1, 0.013 3, and
15.20, respectively. The Hailing Taizhou population has the highest haplotype diversity (0. 987 7) and
nucleotide diversity (0.013 1). The genetic differentiation index F_ of the three populations ranged from
0.065 1 t0 0.175 6, and the difference was significant (P <0.05) , which indicated that there was a certain
genetic differentiation among different populations. The analysis result of molecular variance ( AMOVA)
showed a higher percentage of 88. 87% within-population variation than that of 11. 13% among-population
variation. The haplotype neighbor-joining ( NJ) tree with individuals of different geographical groups radiated
showed no phylogeographic structure among three populations. Neutral test and mismatch distribution analysis
revealed that the overall size of the three populations of W. pigra remained relatively stable, with no
significant population expansion.

Key words: Whitmania pigra Whitman; Cytb; genetic diversity
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