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1 HE5HE

1.1 WAERRESHRA

BE BN Rt FAGEHT 19934 6 A ~ 7 H 4 B IL A ¥ 59 K RS P S5GE DUFH L5 B A
TURIR K 4 MLECRE(E 1), FAFRKKSE, BRAi 5N RERES IR 31 ~35 B, 3
7532 Bo BURRRY, 3 f1 FTEBY 77 B b K S0 Rkt , BEEPECE M AL 1 ~ 2g, AFIES R 4351
WMESBIAPNBRRS BARSE . BEXRES, TRIEKHE(-200T)RHE,

B 1 KIS B 3 KR (A)
Fig.1 The sampling stations of silver carp, bighead carp,
grass carp and black carp in the middle and lower stream of Changjiang River
1LRBHHGE; 2.0MH; 3.%38; 4.FKK,
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[1979],

1.3 HBEAR

BRI S A R 52 2 x 2 P « 20 [ ARECE, 182]
e (| an-ap—apayl -n/2)%n

GG Ri°Ry
EREER(D)HE AR W RHIEF,1975; 3T ,1993; 1 B /K ,1991] .
%mxu x Py;j
D= —]IIIN IN

) \/(m)zxu)(mu)/l_,z
N PR R X 3 i RN LS A SR E SR Py R Y 88 i NG L



106 Y S I - 20 %

)T EAIREE RS R L AR, I SIS
FOEFRI 2 S AL B (P)FIE 3 4 & 1 (H) 893 B A X0 5120 DR - 5, 1975; # B UK,
1991 4E A ],
P =& A BEA 3/ R R H=3(1-3X2)/n
R, X SN A i AU n o I R £ 3,
*1 BMAGARBHBERGE
Table 1 Enzymes, tissues and buffer systems used in this study

MEEA R NS Livly HR B B M fif
ADH 1.1.1.1 D FF EBT 1
a— GPDH 1.1.1.8 D mn TC 1
SDH 1.1.1.14 D ;32 HC 1
LDH 1.1.1.27 T A TC 3
MDH 1.1.1.37 D n TC 4
ME 1.1.1.40 D n EBT 1
G-6-PDH 1.1.1.49 T i TC 2
SOoD 1.15.1.1 D ALt A EBT 183
EST 3.1.1.1 M ¥ EBT 1
MES mn TC

W.(1) M—3ED—RE&; TRk,
(2) T-ZRPEEEFR;CHH¥R,E—2 _RNZ&%; B8 H—E 858,
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2.1 FABRMSNERGERER

XRILH T WA RVLEEE Gt HFAE 4D REERK 10 FhBER O ULE @A 8547 T sk
r#t. HF, I DH BBIkK BHF , ZEB WM o Frds , {UR BB Ldh — C. 4§ Adh. o — Gpdh.
Est—2,% 1 Sod . Ff1 Est—2 A EB AL, AR BFIEN S SRBEAWEMERBRLE 2, LA
FRRLMEBHANSRETHEINES,

2 25 PE A ) B R AR 3 5 Hardy-Weinberg & 4 - A B 45 BAHMA, WM @E
PERMSAREEE RO B SRR, 6 W E  FaK4 RN %0 3 H 5
RYXREEZR, RBESREBEKRTHEBREER,

BMESWBXSERERRAFMENSREFERNE LR,

2.2 BERTE] B0 3 F A LA 1 BOR a8t 1% B

F3~6HIIH T B A HAMNE 4 M RHERNBHE M OUSBRSfEE R, GHiA
YA [RTIE O I R A A o 8 (0 iR AR A, Iy > 0.999; TS G BE & D — /N T 0.001, XiEWAE
11143 5 1) & — A Fh i, A A9 A6 501k
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KICH T HesE 6 70 HFaMBENSREM LA THREEILETE
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®2 KIPTHR M EE NEFANSSEARAFEERMR

Table 2 Polymorphic loci and allelic frequencies of the studied enzymes of silver carp,
bighead carp, grass carp and black carp in the middle and lower stream of Changjiang River

S BEEE
a5 BE E xR 3| X B I B
XM L A E K
IDH-C - 100 0.8500 0.7500 0.7833 0.8500
0 0.1500 0.2500 0.2167 0.1500
ADH 100 0.5600 0.6600 0.6200 0.5600
105 0.4400 0.3400 0.3800 0.4400
o— GPDH 100 0.6167 0.5167 0.6167 0.5167
50 0.3833 0.4833 0.3833 0.4833
EST-2 100 0.9000 0.9500 0.9667 0.9333
97 0.1000 0.0500 0.0333 0.0667
B SOD 100 0.7500 0.7667 0.7667 0.7833
165 0.2500 0.2333 0.2333 0.2167
H EST-2 100 1.0000 0.9667 1.0000 1.0000
97 0.0000 0.0333 0.0000 0.0000

3 XEBM. XHBREARNREK4MIR
00 R A R AR AL RE
Table 3 Genetic similarity and distance
among silver carp of Swan Oxbow,
Hanyang, Ruichang and Anging river sections

F4 XEN B REMRKINTIER
R E AR OEWIE I RER
Table 4 Genetic similarity and distance
among bighead carp of Swan Oxbow,
Hanyang, Ruichang and Anging river sections

KEM WM w8 &

XEH PR Ha FR

XM 0.00059  0.00026  0.00000
X FH 0.99%41 0.00007  0.00059
A 0.99974  0.99993 0.00026
REK 1.00000 0.999%41  0.99974

XEH 0.00141  0.00050  0.00070
W 0.99859 0.08074  0.00064
HA 0.99950  0.99926 0.00091
EIK 0.99930  0.99936  0.99908

. AT HRBERMHEE. G LT RRGER,

x5 XXMM IR IREBHNRK4NIR
£ p il AR 0L HT S0 1 1 BE
Table 5 Genetic similarity and distance
among grass carp of Swan Oxbow,
Hanyang, Ruichang and Anging river sections

W AT HRBIEMUEYR A LT RRIZER,

®6 XBH. XA MEMRKINIH
£ 70 i 15 4 (O HE B A0 it 1 BE 1S
Table 6 Genetic similarity and distance
among black carp of Swan Oxbow,
Hanyang, Ruichang and Anging river sections

XEH gl ®a IR

KREH W ma K

XM 0.00002  0.00002  0.00007
LR 0.99998 0.00000  0.00002
A 0.99998  1.00000 0.00002
ZIK 0.99993  0.99998  (.99998

KW 0.00006  0.00000  0.00000
el 0.9999% 0.00006  0.00006
WHa 1.00000  0.999%4 0.00000
£:37S 1.00000  0.999%4  1.00000

W AT HRBEHAEYR A LT RREER,

W AT RS A LT ARG
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X7 KIPTHE NS5 NaHENESSEAES(P)RFEHFEAE(H)
Table 7 Mean proportion of polymorphic(P) and average heterozygosity(H) per locus of silver carp,
bighead carp, grass carp and black carp populations from the middle and lower stream of Changjiang River

A
1 I W0 R EF3: 108 ¢ FHIOLIH TaRaR
(P) (H)
& 17 1 0.0588 0.0180
= 17 3 0.1765 0.0674
B 15 1 0.0666 0.0237
Hf 17 1 0.0588 0.0010
3 itie
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ISOCENZYME ANALYSIS OF POPULATION DIVERGENCE OF SILVER
CARP,BIGHEAD CARP,GRASS CARP AND BLACK CARP IN THE
MIDDLE AND LOWER STREAM OF CHANGJIANG RIVER

Zhao Jinliang and Li Sifa ( Shanghai Fisheries University , 200090)

ABSTRACT In order to ascertian the genetic divergerice level of populations of silver carp, bighead
carp, grass carp and black carp in the middle and lower stream of Changjiang River, the biochemical ge-
netic variation of four species sampled from Swan Oxbow, Hanyang, Ruichang and Anqing River sec-
tions of Changjiang River were analysed by LKB horizontal acrylamide gel electrophoresis. There was
no significant difference of genetic variation among the four sampling river sections of each species and
the genetic distance was lower than 0.001. Based on this result, silver carp, bighead carp, grass carp
and black carp in the middle and lower stream of Changjiang River was considered as one population
without genetic divergence, respectively. Therefore, ofe conservation area in the main stream of
Changjiang River for genetic conservation in situ of silver carp, bighead carp, grass carp and black
carp could be enough.

KEYWORDS Silver carp, Bighead carp, Grass carp, Black carp, Population, Divergence,
Iscenzyme, Changjiang River



