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% HEE % 1 Hucho taimen ) 2ETWEARZS, BF AL RE AR B BEINAE, DN IO FERRE IR AL 4540 1 gL ARBIEFERI] 7

Xt AFLP 5190%F 5 AN BFAEYTE AR (104 A HET T8 BIASAL 5 00T . 255 /R 7 65 1 2ey™ 14 1 193 238400
FL LR AN 70.18%; Z S HEALEEICAP ) Z AL AR (P ) WIAFRLEER (N, ) A BEFA BRI (N, ), Nei” s FE[]
ZHEMEAEE(H ). Shannon’ s 5 BA8E(1) Fs L HEES (D) /s AL —B01E 5 DRHA T FIRFESR BN MR R 1R
SKYTBE 2002 SR B G TLBE 8K TTBE 2006 WFFFIT, H 78 0.148 ~ 0.195 3 Z[A], I 1 0.221 5~ 0.291 3 Z[f],5 NEHA
s ZREPER AR FLISE RS (D) G ARLEE (S) 8L AL RE (G, ) JERIR (N, ) FIERZEEE AL IR 5 A HFAH] Y B
SEHD Bl SRR EE AR e — B R D AR SRS IE G . DA 2 SR, 3 0 e e U (/b 2 e i) 1
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XEHS: 1005-8737- (2009 ) 06-0833-09
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77, B AL A5 R B 25 18] 734 5 e i) S5 BIL A 2 1)
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10 4, IR P80 S5 Fhmic CAnfs B2 4w
10 ) AT IABAL LA 43 FRIME, 1T AFLP ( Amplified
Fragment Length Polymorphism ) F5ic A] LLFE % 4175
S ORI 0 T X L T s AR 1 g O R
AP R AR E SRR ARBFSENH AFLP frid
BARX R IRT LI AR 9T 5 R st 2 e

FORAEEER T, VA PR VL el A AR 1 gt
FEIRIL, BAE A TR IS TAERES s %,
1 #R5AE®
1.1 KR

104 BEF AT MR H B IETT K AT (%
1), BYHUE S5 TN 75% ZFrb [l e 1R AT o

®1 FRREM AR E

Tab.1 Sampling time and location

KA, Location

BH Ttem I ] W T B P IT B HITE
HM HQ HTA HTB VAl
SRR (] 2002 4F 4 H 2005 4 10 H 2002 4 4 H 2006 4 10 H 2005 4F- 4 H
Time Apr. 2002 Oct. 2005 Apr. 2002 Oct. 2006 Apr. 2005
.
FEASL R 20 2 22 20 20
Individuals

1.2 EFZEDNARRIURK 4RI

H 5 S S U AR Sk P R 2 I U A 4 B 58
SRR JE YR E DNA, 3 BT V6 W22 Sk (11,
1.0% Agarose $EREFLUKASIN , I FH 284136 BE ]
E FOve B RN S 2

1.3 AFLPXLE

K BR il P P VT EcoR1 A1 Tru9l ( Promega ) i
AT EEED], BEFY ) FH T, DNA ( Promega ) ZEHERHEE N
TS FFIAT PCR 41, BEIN AL DNA BFY) 23k 0%
2 )2 PCR 9345507 1 WS 25 3Gk 121, ASEgy A
THERFI 85 W) Sy 845 1 I3k 2,

F2 OB PUIEAERR T ES 1 ME S

Tab.2 Sequences of adapter , pre-amplicated primers and selective amplicated primers

5|9 ) 53

Primer Sequence 5'-3'

5149 J¥51 53
Primer Sequence 5'-3'
EcoRT adapter CTCGTAGACTGCGTACC
CATCTGACGCATGGTTAA
EcoRlI-pre GACTGCGTACCAATTCA
El GACTGCGTACCAATTCAGC
E3 GACTGCGTACCAATTCACA
E4 GACTGCGTACCAATTCAAG
E7 GACTGCGTACCAATTCACC

Tru91 adapter GACGATGAGTCCTGAG

TACTCAGGACTCAT
Tru9l-pre GATGAGTCCTGAGTAAC
T1 GATGAGTCCTGAGTAACTA
T2 GATGAGTCCTGAGTAAACA
T6 GATGAGTCCTGAGTAACAT
T7 GATGAGTCCTGAGTAACAG
T8 GATGAGTCCTGAGTAACTC

VERRY S = 10% FEAE 15 DN s mok e ( P 0
o i 5 RSP s R e PR AR A 29 = 1) S5 M FL RSN
260V HJE, B Uk 15~ 18 h JE 4R Y "™ R R
1%, HR4E DNA Laddder 31588 5 B K/
14 HEALE

K¢ AFLP ) 9738 44 90 — oo ok, A 97 1

S 17 B 0 0, 0 AFLD 5
SR 4 0.1 JE I 5 5 5 R 2 2 B
B 5 H . BB RE 14 4k T Hardy-Weinberg ~F-
H PopGen32“4] HELUT &S50 (1) 286 8
AP ( Number of Polymorphic loci) 1 2 75 1 H & P
( Proportation of Polymorphic loci ) 5 (2 ) XN &5 FE A
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# N, (Number of alleles per loci ) FIAGRZE v KA N,
( Effective number of alleles per loci ) ; (3) Nei’ s Ji
ZREVEFR B H (Gene diversity ) , Shannon” s {5 BFE%L
I (Shannon’ s information index ) 5 (4) Ff Py /4> 14 [1] F11
FEPRIA] )35 A5 AL ( Genetic similarity, S) JRAZHE
25 ( Genetic distance, D), 3 JH| Phylip3.6 ik {1 " Fi
Treeview HF1TAMAZRIESHT, bootstrap fillFE 5 000 1K,
2SR TR (5) 1 Nei kPR 22 B i 1153035
153401 G, ( Coefficient of gene differentiation among
populations within species ) , H: 56 2N G,=D/HT ,
Horh D =HT-HS, HT Jy 235t 1% Z#E4E, HS I HF 1A
I AE ZREVE, D, BRI R Z 48 B (6) 4%

8 Wright 177 12353 S BT PRl i B R R A4 A R
BE(N,) , HERZX N N=(1-F,) /4 F,, F, (5%
[T G, N,=025 (1-G,)/G,; (7) FH AMOVA J5 ik
(Arlequin 3.0) #4773 J5 22 504, T H 5 S Wei i it
G5 B AR A I R T 25 i LA RGBS F o

2 ERG5HMH

2.1 AFLP5|¥1¥ 53R

FH 7 %t AFLP 5145%F 104 B A= 47 % fa FE K 41
DNA #E47 AFLP §" 34, 9" 34 J Bt K /NE 70 ~ 450 bp
FRITE L PN, i 80 ~ 300 bp B BEEi £ (18] 1), 3445
2 275 AL IR Y G 39.3 M £
SV 193 A4S, 28 PE AR 70.18% (£ 3 ),

bp 6 10 11 12 13 14 15 16 17 18 19 20

v -

400 - i
E =
300 —

414 =

- -

—

200 p B !2:- ,
e E === = -
SSSs=Es=a
- - — - —

100 = P
Se=S=EESEC
L 2 2 2 £ 3 3 & 1 3

80 | ——— — — —— -

B 1 514 12 A8 BES FER DNA F5a0&iE
M: A FabnifE; 1-20: I35 20 MME

Fig. 1  Electrophoretogram of AFLP marker amplified by 1/2 in Zhuaji population
M: Molecular Maker; 1-20: 20 individuals of Zhuaji population
&3 7% AFLP 5|)HGHIF HEER
Tab.3 Amplification results from 7 primer combinations

GiL7/p ke Y1 BRI hp ALK EZA DAL ZNLE AT %
Primer pairs Size of band Total number of AFLP loci  Number of polymorphic loci  Percentage of polymorphic loci

1/1 80-400 37 25 67.57

177 130-450 35 27 77.14

178 80-350 38 29 76.32

3/8 80-450 38 25 65.79

7/8 80-400 42 27 64.29

172 80-400 42 26 61.90

4/6 70-450 43 34 79.07
AT Total 275 193
P44 Mean 393 27.57 70.18
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22 FhEFEESHUSHSN

— PRI N A AR R K B 2 5
T R A MR AL AR e, RIS AL ZAEE .l 2
SO EDRP) ABEFAIENEN, ), Nei FHZ
FEVEFE £ (H ). Shannon {5 BAEE0(1) R E R B{E £
FEEACT- IR bR . ATHSEXT 5 NPT 10 4

B2 REE AT EE S R, H 7E 0.148 ~0.1953 2
], 1 7E 0.221 5~ 0.291 3 Z [a], HAp PRI #EA 1 1
[ 5efiK(H: 0.148; [: 02215) ; AP.P. N, . N.. H. I Fl
D 8RR — 2, B BRI HTA L ZI. HQ.
HTB . HM, Ifii S FIHESIINF (E4F 5 2 A (R 4),

R4 BIFERENBEESHESY

Tab.4 Genetic diversity among populations of Hucho taimen n=104
i AL 23540 rﬁﬁﬁj\? 1% WMZEA7FE AREENHE Nei” s 22 Shannon’ s 15 BEANEILA RN SL
Population AP [RIEL N, KEC N, FEMERECH AR BIPE S BEES D
T3 1.4364 1.2541 0.1480 0.2215
PPEITHM 120 43.64 (04968) (03573)  (01944)  (02795) 08776 0.1224
- 1.5200 1.3012 0.1780 0.2673
7 HQ 143 5200 (0.5005)  (0.3595) (0.1967) (0.2835) 0-8609 01391
N 1.5564 1.3353 0.1953 0.2913
B3k HTA 153 55.64 (04977)  (03750)  (02020) (02891 0.8478 0.1522
N 1.4655 1.2740 0.1586 0.2369
R HTB 128 46.55 (04997)  (03672)  (01985)  (02843) 0879 01241
" 1.5527 1.3274 0.1887 0.2813
e 7 152 5527 (0.4981)  (0.3816) (0.2043) (0.2903) 08338 0.1462
S Mean 1392 50.62 1.5060 0.1737 0.2597 0.8632 0.1368
, 1.7018 1.4257 0.2478 0.3698
& Overall 193 70.18 (04583)  (0.3748)  (0.1968)  (0.2770)

T 35T bR .

Note: Standard deviation in parentheses.

2.3 BHEEEESUERERER

FERERAE L (G, FIERTECN,, ) L& S,
Bic %F BEAA 18] 19 G, ( pairwise G, ) 7E 0.154 5~ 0.313 8
ZIA]; N, 1F 1.093 2 ~2.73 6 Z [al; SRR A 6,
(overall G,) 5 0299 1, N, A 1.171 8, BEE(A] 35 4%

AR AR 29.91%, FPEEIS (LS R AMOVA 43
BB, A1) 22 55 35 (P<0.05 ), FhiFR 1 2
FEPE T EE A TERE N, 728 5 03 19 62.64 %, A
37.36% 41 A EFPHERI (K 6), 55 Nei HEH 2 i kit
AL T G, MERIEEA—F,

x5 BEENEESUENEER

Tab.5 Gene differentiation and /V,, between populations

AN W 53] iy 3k 3k P
Population HM HQ HTA HTB 7]
I FI] HM — 0.2567 0.2619 0.3138 0.2358
T HQ 1.4479 — 0.1545 0.2052 0.1772
JE3k HTA 1.4091 2.7364 — 0.1593 0.1545
J&3k HTB 1.0932 1.9361 2.6394 — 0.1810
I 23 1.6204 2.3223 2.7363 22621 —

e XL LB I (G, ) 5 XPFZTR MBI (N, ).
Note: G, (above diagonal ) and N,, ( below diagonal ) .
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Tab. 6 Analysis of molecular variance (AMOVA) within and among populations

F Kl IS TIEMEASR R

Source of variation df Sum of squares Variance components Percentage variation F, P
R . 4 3971.31 44.1937 37.3565 0.3735 < 0.05
Among populations
. ﬁfﬁili] . 100 7336.79 74.1090 62.6435
Within populations

24 BREEEEERERSNW

Nei’ s AL HE (D) FsAHRIPE(S) £ 7, D
AL G R 0.079 5~ 0.176 4, S (R Y7251k 78
47 0.838 3 ~0.923 6, % FEIA ST HITHEA L) D {EAH

Kb dsg i, AMARRIELE R UL 2,5 AR Sk
5 4%, Hodp HTA Fil HTB f 3t , Hok & HQ #1 ZJ, HM
i, 5 N RER P A T AR BRI —iR
(E2),

® 7 BHREECETNE R R

Tab.7 Inter-species Nei's genetic identity and genetic distance

TN 5] sy 5SS 5SS P
Population HM HQ HTA HTB 7)
W53 HM — 0.8698 0.8576 0.8383 0.8800

T HQ 0.1395 — 0.9211 0.9000 0.9084

23k HTA 0.1536 0.0822 — 0.9236 0.9185

p23k HTB 0.1764 0.1054 0.0795 — 0.9122
I 2] 0.1279 0.0961 0.0850 0.0919 —

TE: WAk EOABHEATDUEE s XAk T oAsst ey .

Note: Nei's genetic identity (above diagonal ) and genetic distance ( below diagonal ) .

3 iTig
31 BEESHIEKE

Tl 35t 12 22 A 2 2 i 2 A R TS 7 A 45 ) i
Tilt, 35 5 2R P T2, o EARSRE AR A o e R A A7
FIE AR, SR, H T AT 2 AR BR T ¢
AR S 7 R e J 47 '
RV BB AE BEEE D T IR I iz, 2 i e
WIRRBIETE B — A~ B I L AEEgENE 5 AN

(28.6 kg/km® ), T I F24 Y [y 9 Y8 ek de /I, 4> 414 o5
2 150 ~ 200 kg; F| 2003 4F J& ST BARF B Sk
W3 T 14.8 1, FHRES R 5 58.495 kg/km® ™5 3T
JUARHT B AR s AR /N, A HL R IR R G T i 4
i EFGRIE PSR K P A R B
VAt S KR B R R 3, WEUR 1 T R 0 R T 3G
& Z M TR, 2002 4F JE LT % fa ie S L 24
PERE 2006 4F-FE A0 Z2FEVE = WIE T X — g, B

P 0 35 AL A TG ZREPE T IIEE S5 R 2
I8 S AR REE Z MR H: 0148 0~ 0195 3;
1: 0221 5~02913), AP, P.N,. N.. H. I ¥1 D i/~
AL — 0, R B/MR A HTA L Z) . HQ . HTB,
HM, HLLT 7307 o ist % 2R e m i 5 5 e A7
TEE BV, B Ip L7, 2002 41 1 5% I 8 25 &
AN IR VTR S VLB A 45 1R 33.17 «, R 4% i
M 1311 keg/km® IR (40 kg/km® ), I HEGEHR

e v (AT BT AR B T R, RBP4,
Fafanm sp—Ak, gL RSN, YRS L RE T T
B, RN T Fh B T I 2 K A i fe e, 5 A B
Sk TR RO BEOAR 1Y) 350 1 2R A v, 3K R
I S VT4 R 110 o B4 2 0 7 o B PR A O, 1 5 LT
JE AR Y LT, I YT B I 45 2 S — M 3 A
KIS, J& T8 2 i B M F 1, P E B
PR B s S B FEAE 5 T F T o [
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Fig. 2 Individuals’ UPGMA dendrogram of Hucho taimen
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T IR BT 0 A B S8 I A 7 LAY AR 2555 07 X Hl
B FEGER G E TR G 2R RO 4
MR R BAL ZREE RN, B2, TP R
U/ L 28 T E WSS T a5 22 R R I i ke
PG IREI Y
32 BHEELEN

WAE S A BEC G, ) 2 A o B A P 2500 1Y 4
b, Fe 7 RS A AR 7 R — AN R 2% A B 1) B (IR
JE. G, WEBUENEITE 0~ 1 Z ], Hirf 0 2R 584
BEDLAC D, JCRERFE 205 1 3R Wi 43, BVRE 1A bR
. 0.00~0.05: BEASMEFREERN; 0.05~0.15: #f
AR P25 015~ 025 BEAIMEFREROK;
0.25 ~ 1.00: BHASMERREAR A P, A5t ¢, 18
0.154 5~ 0313 8, VLI FFIAR ] A st 15408 S 2Rk B
TR, FL S AR /ORI, Hb HM 5
HoAth, 4 MREAAEAEB TR B EE (02358 ~ 03138);
N, 5307 Sk~ HM R A 5 At A 4% [R] Frg 56 A1 240 3¢
/IN1.093 2~ 1.620 4 ), FHo At 2% T A 1] 14 5 P A %
K (1.936 1 ~2.736 4), FiRsCg 4 R, HM
RS AR C 27 A T 25 5, 30 PR R 35 0 7 b
PR 5 AN 3 VB R R, M B =5 el L
SEBHARR 8L /b REOE R, FEH AR 5
— RSk VT GH 3 VLB AR bR B 40T
(B AE—E R AR Sk, T RE T I
NS Bl (il BER BT B KPR ) 453 i A7
(4 B Ak, (i A5 AT 22 ) AR B B8, 72 AR 3T
FERE SIS I OU T, B B B A, P A% ) 74 S A
/N, TS ECREPR I f58 A2 A R ™ AR o
Hamrick %% 24l RO, N, KT 1B R A2 DA
HE A5 AL AR VR, Rl By 1R BRI 1 25 N,
AN L BRI R 2RI AR R 25 H ) R ER
VAR G SRR AR FE DR O, o) — A L R [
NI SRR I 8L 454 o ARSI 45 R R IR
T 1, BT R I e A HK T I AR VR D, P HM B A
5 AR ] (9 B DR 2448/ IN(1.093 2 ~ 1.620 4),
EL 23T I LM, b E P60 M FRE AR 5 H A 7 A ] 3
PR 455 , 5 Z I B AR Ak s AL AR S REAILIR R 52

i, AHSE N, KT 1 USSR B S CAst G 4 i i
SR, BB IR A oAb ASBh, SOG IPIG T
A0 GRS R B A ER e ] X A i
AP EETEEIE, Nei e 2R M T k5
T I 225 (AMOVA ) 15t BRI 28 S ok IR 5
SR AN AL R SR TR S 5
33 EEEEREESW

WAL B D AL AR S A Hr R, D (E
(A AL 0.079 5~ 0.176 4, S {H KA ALIE Fl K
0.838 3~0.923 6, % FHA S HM FEIARY S (HEUK, D
(B A X4 85, HTA 5 HTB 19 S {4 K, D B E /N,
Thorp'™™! 38 3z /M7 F 7 1A Ay AR [7) 4 o ] ) 38 26 A1)
AR 02~08 GEfEHEE D, 02~08); [
BB BEIREI 15 05~09 (D, 8 0.1~0.5); [6Fh
BEIRTE) T4 0.8~097 (D, 003~02), AR
B RRIBIAAAE 2 5, Rl 2 HM BRI, 5 A AR )
55 A R (HA R T R R R TR Y Rl P, 1%
EERC NI D A 7 R R U i Rk ¥ <]
RAR R, 0 WIS, B4 4-5 A4y
E 28 S L O A I VLA S R
I BT HARRTTEL, BB, vl REAEAE D o LA
S, 0 EG AT AR X b 57, DR 3 s s AL 4
I TS HoAh 3 A X B A TE 22 595 MR
HE R, 5 NRERI B BER N 5 A0, HAEA
Gy SCNIA LI AR B I R A A — i, Hh
HTA 5 HTB A, HTB A R B MM £, X
SO IR AR B I MRS HOE O R AR, AR AT RES
ARl — A S U B A RS N B kA= T
BRI SR ARSI, BEIR A A R, B P R R AR AT
N £ B S <L a1 B N b N B SR T B
AR 2 IR AS A A N2 B /b B R AR
B/ R ) 2 A i [ e ) %o 5 G T LR B4 A, 500
EHEIN T REARDMA Z BRI . —BORE,
UL SEAR RO ™ o, T RE 2 1 P IR 1k, 30 2SN
O 845 B B R S AR 7 A 1) SR AR AL L 34
b 5, AR R, AT LT 0 0 I e e
B2 Hat i 2B = A T R B RS, IO SR B
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AFLP analysis of genetic diversity of taimen (Hucho taimen) in wild
populations

TONG Guang-xiang"*, KUANG You-yi >, YIN Jia-sheng

(1. Key Laboratory for Genetic Breeding of Freshwater fish and Aquaculture Biology of the Ministry of Agriculture, Wuxi 214081, China;
2. Heilongjiang RiverFisheries Research Institute, Chinese Academy of Fishery Science, Harbin 150070, China )

Abstract: Hucho taimen is in the state of endangerment and has been record in the Red Lists of Threatened Species
in 1998. There were lack wild population genetic structure of them because their wild samples were hardly collected.
In order to know and protect this species, population genetic diversity and structure for wild taimen in Heilongjiang
River are investigated using AFLP markers. Seven pair of AFLP primers were amplicated to five wild Hucho taimen
groups, which intotal 104 individuals. According to the amplicted results, AP, P, N,, N, H, I, D, S, G, and N,, were
calculated by PopGen32 software. Individual clustering were analyzed by Phylip 3.6 and Treeview software. There
are 193 polymorphic site in total and the polymorphic site rate is 70.18%. AP, P, N,, N,, H, [ and D have the same
variation trend like HTA > ZJ > H(Q > HTB > HM. The Nei genetic diversity indices ( H ) are between 0.148 and
0.1953, the Shannon information indices (1) are between 0.221 5 and 0.293 1. The genetic diversity of five groups are
all on the low side. And the genetic diversity has the affinity with the resource. The analysis of D, S, G, and N, showed
that low genetic communion between the five groups and great genetic differentiational. This low genetic communion
and great genetic differentiational was caused probably by the overfishing and the fragmented habitats that blocked the
gene flows between populations.The clustering result showed that all the five groups had the closed genetic relationship
individuals cluster together. Therefore there are inbreeding in some degree. All the results indicated that the decrease of
Hucho taimen resource had been effected the group genetic diversity and conduce some inbreeding. We recommended
to do some effective work to protecting the genetic diversity of taimen resource and discussed the protected measures in
this paper.the endangered species. [Journal of Fishery Sciences of China,2009,16 (6 ) : 833-841]
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