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A. PEKFERZEF B BRI KPR, BT BRI 150070; 2. KIEKZ2EE, LT KE 116023)

FEE 2002 5 4 HAE B RIT /K Z DI 25 B 100 km T2 P9, F =500 W48 3k RV 8 B 8 (Hucho taimen Pallas) 4
720 B, A 12 X515 Kt AT AFLP 737, XS 5 4 &4 38 10 A7 s TE 39 ~53 2 (8], FP il T 565 M, Z54
B R 477 A, ZENEHBIG 84.43% V3 Nei [REEF ZHIESEE H 7 0.386 7, *F 34 Shannon KI5 %L 1 4 0.510 2, 1
AR HIE A FE B 8 0.455 2, UPGMA RE G R BRI KR U P A REN A ENERLEAS. AL REH
WK R BB B A EEREES N, RN IPEAKREPEREENRKEGERXREENER. [TEA~FR

%#,2007,14 @ : 615 - 6211

KR ¥ 5 @ AFLP: 815 2
I E %S Q959.466 SCEAFRIREE: A

P2 (Hucho taimen Pallas) &8RS A
IR B KRR L, B E R 1 & R KL 20
g 60 FA BF AP E AR, 7 B IHILH
A PHT FATEVE L 5 97 BT RO R BUR 55 8
TR 7K FR B A R VAT | I ELTRT S Wy 7R 55 9T I 40
SR rE A K Sk B RS TR LA
SRERBE TN 1457 5 FEE P K, A 3 2 4 R B
TPEE ORI T AR O P A AN
FEER N YA A R A R R B R R RE D R
2W6-7], sy Bk 3B SR T B, 4 A X o 45
Ao B HF L, BB AR B IETL B B SR
FEIAT By R BT D RO 58 ) e AT AR E AR N B
AL, HoAt KR T 4 5 LW 7, DRI i g e [ 3
W e R B R, 78 AR B R
A% 2 FEPEFIIRSE, X4 IR TR 3 S Fr A H
BHEHEREX.

O 273 ) (7] L g 7 2 i o ek 44 13 47 E
XX B A S R BEAT T PRI, e i 4
BRI 5B 54 (Hucho porryi) SRR 5 BT B 45 F
i U2 (B Bt 22 R D5 T A BIF 4, AX
A N [A) B A0 B & o8 BT PR S VLB
B0 R BEAT 18 % 2 R PERE ST A RaE 13-, g HL
[7i) LA T A B 4 2 ARl B AL B R R D,

Y5 H #3:2006 — 09— 04; 1£1T H#3:2007 — 01— 04.

X E 45 :1005 - 8737 — (2007)04 — 0615 — 07

oA VPN 3 2 f0 R R 5 26 A AL 254 . AR I
HO K R B AR R AT B, A e 6] 2
BTG T3 P A I H R R X
G A B R DR R AR A, TR A 45 SRR, RIS I
FF A MRERCE AR D, FE P B 100~200 4%, T
Gy A P EG T R, ORI R S USRI R 6 of AT
(Oncorhynchus mykiss) W B EbRC /8T T 5 75 BT
52KV Bt Bk Bt AR Z AT

DNA ¥ 38 i B K 2 &M (Amplified fragment
length polymorphism of DNA, fii#% AFLP) £ K& —
e 2% EERRIC A U7, SR PR EC 48 o A Wy b 1 0
PR 2 R U8) RSB R ) AFLP 45 AR 0935
KR E B AR AL 2 FEVESEAT T 87530, UM
hy WL 5 A AR N LI E SRR 3
£, RN 4 B2 B 5 B U8 R A R — e R
1 #MRE5FZE
1.1 HmKiE

2002 F 4 H, A5 BT K 2R 1 P 35 Jo] 55 0] 3] B

100 lem Y05 [ P, SR 62 T = 300 Y 4 3 04 2R PRI 4 27
AN, BT 20 FE 6 4%, TN TE/K 8% T 7 TR AF -

BE2E&WMB: BF 97371 E Q004CB117405) ; B & “+ H7EHE BRI H 2004BA526B0116) .
{EHBE N ERE 1980-), B, BV EM AR, LA 4, A& ZEFH T E IR 7 . E-mail: tong2200@gmail. com

AR E : PMECC. Tel: 0451-84842646 5 E-mail: Sunxw2002@163. com
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1.2 E[F4H DNA 932 BUR 41 75 B9 48

W IRAFAE TC K LB v R 451 it £ Al K
RIEVE 3 Ik, BT o SE R, RIUTIE
Wz 2% 30wk (15 1. &% 44 6 6 B HAE 230 nm.
260 nm A1 280 nm ¥ Tl e Hlk AL, IF
1.0% SEARBERER VIR . AR )5, B DNA #iks 2
100 ng /uL. —20 T A H] .

1.3 AFLP K74

1.3.1 EF4E DNA Y] HRGIMEAVIEE EoRI
W R G/AATTO M Tru91 T 5 T /TAA RG] -
AN PE B U) 4R R W0 T : DNA B4R (100 ng /pl)
2 pL, 10 X buffer 1 pL, BSA (10 ng L) 0.1 pL,
FcoRIU2 U /pl) 0.4 pL, IIANEEZEKANE 2 10 pL,
37 C &% 4 h J5 I A 10 X Buffer 1.5 pL, BSA
(10 ng /u1>0.15 pL, Tru91 (10 U /uL) 0.45 pL, in
EAKAME S 15 pL, 68 TORIE 4 he A A7+
JEEE AFALL Ay 25:24 1 1D 4R 2 ¥R, — 20 T T4 1
FoK L BEPTIE S 12 000 t /min &Ly, — 20 C HA T
70% L EE M PE 1k, il T E )5, 10 L 0.1TE %
f# 5 1.0 9% B NE B R R R KAGT T

1.3.2 EELHIEREE MPEERTRE&E
3k, EcoRI ¥ 3k 7 %)) 24: §'-CTCGTAGACTGCGTACC -
3',5-AATTGGTACGCAGICTAC -3'; Tru 91 k7 41:
5-GACGATGAGTCCTGAG-3',  5-TACTCAGGACTC-
TA-3 . REHPHAFEZTR, (f FoRI#LFH4
WA S pmol /pl, Tru91 ¥ 3k Fr 51 49K & N
50 pmol /uL-95 T &M 10 min, R /5L 4 h &84
HZE 10 T, mA LR k.

AL 20 pL MR R, K& 5 uL BY)

P.1 uL EcoR I #3k, 1 pL Tru91 ¥k, 6 pL T4
DNA 3% #85 (Promega, USA) » #8 4K M 2 % 20 pL
T4 CKEPIERL.
1.3.3 PCRYIE T 5% 0 E+AG'-GACT-
GCGTACCAATTC + A-3D) 1 T + C (5-GTA-
GAGTCCTGAGTAA+C-3"), #3725 ul. RINAK R,
H @i 3 y)L BEY. 5 W E+A1pL, T+C
1 pL,10 X Buffer 2.5 gL, 25 mmol /. MgCl, 1.3 ~
1.9 pL, 10 mmol /L ANTP 0.5 pL, 5U /pL. Tag R&
5 0.3 pL, T W 20K A E 25 pl. N FRFFH:
72 C 2 min, 94 C 7 E 2 min, TEH X E H:94 C
30s,56 T 30s,72 C 2 min, 30 MEH, H )5 72 T L&
{# 10 min.

RV T H G ME 1 iR, HIL 25 pl
RNARZ, K& H 3 ul S 39, 91 E 1 pl,
1% M 1 pL, 10 X Buffer 2.5 pL,25m mol /L. MgCl,
1.3~1.9 pL> 10 mmol /L dNTP 0.5 pL, 5 U/uL
Taq ZEEHE 0.3 pl, LW AUKANE 2 25 pl. X
44 5:72 C 2 min, 94 C 2min: 94 C 305,65
305, 72C 90s,1 MEHF:;94C 30s,1E:X30s,72TC
90 s, 12 MEFL, &N F B 138 KR FE A 65 T IR
B 0.7 C:; % )5,94TC 30556 T 30s 72T
90 5,25 MMEH; &5 72 T LAH 10 min-

1.3.4 BRBGEBRRRIRBIK KNZRE TG
BUHH 8% AR M 2R TN 04 T e (N I Bt i 5 A1 SO
ST AR FAEL R 29 D BERHL UK 8 ~12 h (120 V),
Ry 09 0 P AR

1.4 FIEAE

i Gel-pro4.5 4 Media Cybernetics, USA) 43+ #
K3 AFLP HIK 3, ARYEFRHE GeneRuler™100 bp
DNA Ladder vH&E3 38 Fr BL R K/ (BoE &R LIt
o (o7 B AR [F) 0 BT A 4 202K B[R — i B[R —5%
AEER, Ik E B AL, # A 041 3R A
FoRHIY BG4, 0 Ron R LY 8 &5, St
PP R 2 A& 7 5 L9, 22 %) DNA 820
F ] Popgenel . 3220 i i 55 207 5 [ 4722, Nei
FCHE R 22 FEE 45 B0 Shannon [GHE 321724, Rl
AR S=2N,, /(N + N, BSIHH8A 2 8 g
FAPERE (N, 0 DAy DS RPT A AL
FH Y NN HIR o ARy AR5 B A B AL
BB, HAKX D=1-S IWHHE/MEZ AR &R
B. A Phlip3.6 X % 42 71 MEGA3 (http: //
www. megasoftware. net 2 AT A 2L 537, boot-
strap THAE 5000 K-

2 ERE5SH

2.1 DNA R A4 B4 Az XN B 7]

LR ANy L VI 5, H ODygp /ODysp LE1E
KT 2.0, ODygp /ODpgo FLAEFE 1.8 747, BE AL HY
13 MMA T DNA F 1.0% 3515 15 e i H wiors Il
SE R B EUH DNA O — 4% M 58 22 19 7, DNA
JREF & AFLP /AT 2k (B 1. BRI A V) g
EcoRI W) G/AATTO 1 Tru91 (VI A T /TAA XL
i) DNA vk E i 2 fior
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1 FpEEbEE B IR DNA HIK
1~13: Z:HF4H DNA H£ &

Fig.1  Electrophoresis profiles of genome DNA of

taimen in Huma River

1 —13: genome DNA samples

bp

2000
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2 WRIEGA Y B BRI 4H DNA XEETI 45 R
M: 5+ F E45ifE: 1,2: DNA 8591 7=
Fig.2 Map of genome DNA of taimen in Huma River

by restrict enzyme cutting
M: Molecular Marker; 1,2: DNA digested products

#1 HETEFTEIRES MM AFLP T BERREESHEIH
Tab.1 Amplification with AFLP primers and genetic diversity analysis of H . taimen in Huma River
SES R A TR as MM EEMLSESE Nei EE% Shannon FCi5 %
Primer Selective Amplified Polymorphic Ratio of EQELEEE

combination base loci loci polymorphic loci H !
12 E+AGC/T+ CAC 53 42 79.25 0.3911 0.5337
3/4 E+ACA/T+CIT 58 49 81.67 0.3928 0.5535
42 E+AAG/T+CAC 42 34 84.48 0.3653 0.5392
4/ E+AAG/T+CTG 47 33 70.21 0.3438 0.4494
48 E+AAG/T+CTC 43 39 90.70 0.4141 0.609 8
61 E+ACG/T+CTA 52 40 84.00 0.4383 0.5356
6/6 E+ACG/T+CAT 42 36 85.71 0.3879 0.4631
6/7 E+ACG/T+ CAG 45 41 91.11 0.3651 0.4865
68 E+ACG/T+CTC 46 39 84.78 0.3916 0.5372
8/55 E+AAC/T+CIG 50 46 92.00 0.3810 0.5190
41 E+AAG/T+CTA 48 44 91.67 0.4099 0.4796
3 E+ACA/T+CAA 39 34 87.18 0.3596 0.4156

P Mean 47.08 39.75 88.39 0.386 7 0.5102

2.2 AFLP ¥/ iE%ER

12 A5 A G 3 3 5 2 8 4K 20
AMAEHEAT AFLP 973, J4 35 1 565 ML, A
SV EY GBI AL T BT 39~53 28], SFy 4
47.08 1. AL 477 A 2 ARG
84.43%, P ¥ EASI WA G LS AEEA
39.75. &EIMAE Y AL N R 2 S A A
HESBERN(PL0.05, HH 34 514G 2EMH

MR, N 49 1,4 /5 51MAE G, 08334 %
A E N2 BB Z R K (P<0.05),4 /5
A G2 &AL RIS RN, 9 70.21%: 8 /5 5l
WA & 20 BB E R, 25 92.00% GR D . K
34335 LR, I 3 AT Sy 8
FBEZN AT 80~700 bp, HH 2 &M AR EE
434 100~400 bp.
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M: 5 F EbriE; 1~20: FEARAE .
Fig.3 Map of H. taimen population in Human River amplified with primer combination 3 /3
M: Molecular; 1~20: Sample individuals.

2.3 EEZHEMESH

7f Hardy-Weinberg V- # {8 % I AU 32 T, 1 &
AFLP #3467 S BE R 2 7E 0.05~0.95 2 [8], H
RERIEANT 0.1 BIRAEEER 13 4, b 67 m 4
H 2.30%, BHSERNTEHT 0.9 M4 55
B2A 124 e S 3 Hm 2.12% . MEZ H /Y
Nei KFERZ MR8 H 7£0.0950~0.5000 2 4]
2E, FHME A 0.386 7o Shannon [KIBH# I &
0.1181~0.6931 2 a, “FI{EHN 0.5102 GE 1D, &%
I & B R R 2 A% 15 20 Shannon [GHE8L 1 %
FARP>0.09 -
2.4 BERBRBEDAER

X NI 25 f 20 AN AR 2 18] B 15 PR K

TR AR AR BEAT 56 B 43 BT, W S0 A4 2 [ 1 382 £ A
AR NA 0.349 1, TR R 0.764 3, 38t L AH L
PERHH 0.544 8; BEFERTE 0.2357~0.6509 Z
6], P35I AL BE 2520 0.455 2.

Bl 4 2213 Bootstrap 5 000 JAHFETS 2 1) w3
WY F 20 MAR) UPGMA EEKE. ATLLEH
20 NMAMMEBH B HIZR 2K avb 2 4, 7E a H 0
ind18~ind17~ind14~ind15 F1 ind16 EFF A —K ¢,
A% &1 Bootstrap 1E (>0.67), &M ¢ #1IIX L
A EBAE AR R &, B A REMSEE KRR, 585
#Z ind14 H ind15 (Bootstrap 16 >0.97) . ind17
ind18 Bootstrap 15 >0.87) AR HISE 4K %R &

4 B, indS 1 ind7- ind2 1 indd B A &K&W
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Bootstrap & (>0.4), %&# ind5 1 ind7+ind2 1 ind4
5 b E4rH  HAMAMEF SR SR AR .

2256— ind9
—Bsgll ind11
ind10
— ind12
032 1880—— ind13

— ind8
3000— ind6

4537 ind18 ]

ind17

4882— ind14

4316 ind15
3484 ind16 |

— 2395 ind7 ]
[ inas
ind2
1284 \ﬁ: ind2
1187 L nd19
indl
ind3
ind20 |

[}

o

1141

4 MEETY S aA % UPGMA REE
¥ T R AL B F R R Bootstrap &
Fig.4  Individuals’ UPGMA dendrogram of H.
taimen population in Huma River

Note: Numbers at branch node donate bootstrap levels

3 g

3.1 AFLP A FHRicEE T B EEEHEM RS
kv A

AFLP & RFLP 1 PCR 1454, Bt 5 RFLP J
5%, H PCR M 3tE. AFLP /#rel LURA 1
BRI P VD SO BE MRS AR SR B H IR 2, Rk
it FRefmAEmir i B 2 ERW. AN, A
AFLP [V 75 28 TR f5 B i e e | AT A6 0 21 50 ~ 100
AP rEag), A AT LA SRR 1) 1 A B S
()22 5 5 fie LA 4 T b 48 7 AN [R] 4 T o B0 % R () a8t
FRRFAE, AR TG A T 2R 4000 R 1A R st £ 2
FEVERT ST 26, 78 ARLP 47, 88— 49 17 4
% DNA 7 F BRI —A0 . S 180 B
MR 5 DNA 55 FAE AL R EAAE AR 5, iX
Foh A5 S5 ) B TR 2 TR AR N L B K B 5 R Y B
AR HIARA . AR E R 5 P 1 47.08 4>
AL, W 477 N2 &M A 2 AN S ER
84.43 % » Vi IR ZE AT T (A7 AP 84.43% M7 A4
LEAEAR S o X 0 f 2R R e 2 AT AR A —
Feher B2 A BT A DL LR AU . (R0, AT LLIACH AFLP
BRI H AT B 5 D BAS I Rg 4% 2 RE MR AT R
HECE .

3.2 BFaMRERESESEN

W AR 2 FE I B Fe W) N A [RIFh B 1R] DA A
FREEN AR AMA Z [ st £ A8 5, 2B fb iy iy
TR, S F EATal e KA R/ R R,
R ZEEE— RS e T YR o A DL 3
B, WEk = X AR L 2 AR IR AT, Bt
TovE 5 BEH A TR P A i g i # Bl B HLER S DL A
PhEEHL RS> A A R B0 0 K A E A R I A1
Brig S BT, H AT P A AL 2 R T AT
A7) AN 1 T 7 T AR AR g U3 - 150, k)
SR AFLP 7556 8 B R is L 2 3T 7 49
B, FERT I EIRY 565 A7 s, BN T 0.1 1Y
AEEE 134, HaM A H R 2.30%, XA RS
A TUHRREAEEBENBRR. BT Y
R RN B AR B, 5 AR A SR R
KON R RIZIAS 5 0%, I e Yy ph it Ab il
FEF A 2R A o B, 1 BUE B — AR K
R BTE R E e K, T EW s R, PR
MR E RE K, RESHIEFE R K4, By
A IF A R AE, HLR AR 7 g 060, S Fh ik ok R 5
T 5, X PR E SRR ERSR TS Al T+
WALFG IR 0 5 A0 B0 58 1 JR AR w5 ) 2 5 2 b B
LTI BRI LTk, 37 5 6 B AT B it
) RRARAE 4 SRRk S KA Y5 G P2 o, 7= B 37 A S
W3R M o, X R R S8 T R A E 2
JE R B, B BEAR H 20 6T, i S EUEEAR
BOHLZIE N, AR e DA . BT Bk A
RIZE B G VE R, (030 20 0 o 30 110 255 O] 0 26 Rl 210 A%
B, BE R G848 45 0 ) B — b, B A AL O R
//l\[lﬂo

G 1ok 2 LB 0 P T i o B KR AL BT 9T T % 3
VTR ST B B st ik 2 /e, 45 RERUIE K
LB 8 %t A 2 Nei IR R Z2 AR 48 H0A
0.498 0, “F#4 PIC 4 0.417 8, T BT F A FA N
B ZREPEAL T S5 R T K. AT Nei [
EHRZ RS 0 5 0.386 7, Shannon [KIRHEL 1
7£0.1181~0.693 1 2 [0, P34 0.510 2, & BT
F T B s AR 2 FEPE AL TR K. R
PN FE e 2, N T R 2
£ YR B TR S R O I AE R X B B R 3T
B IgE 2 FEE R AR AR R A,

RS WP I I W M BA N AFLP 1845 PR 5 J st
FEABALPE HE B 43 A7, BT 50V 308 AR BE RS Oh 0.455 2,
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TIP3 5 2 BRI A ALK EEAR
UPGMA ZR2K 73 #7 I8 1 A LA 1Y T4 ] 2 F) 2R 2K
A ab BIASERSY S T AE avb I HB9 BL, #8490 i A &R
PRI R H (9> 5, BAT B0 10 it A% AR DU
HMZRGRAR, WK RN TP M fec ek
T BORIIEEAZRAT N . EER AR H &
BALT I T S R N IR a7 R s D, K
BT R LN R, AW 3D K R 8 2 R A R IR
R, R R SE R AR D, SET XL
ffy & AEW-STI6] g 3 i P B R OB A R
NTA6) AT S S L RRIE IANE, X PRI G B
AT RES T AR IR ) B0 2 PEAR 0%, SRR AR 2 F
SRR 2 BB R} 81 S e A A o B KRR 1 £ S5
FEHEAT RS B0, AN [R] SR B ) 28 A A 1 2 8] 2 PR A2
WAL, A R 2 B A BRI 1A% 8 57 T
R RO PO, BA e, FE R ORI B
R 5 556 4 A I 7 0 0670, R [ SR B 5 A 2
() B R AZ i 5 /b, HO SRRSO D, PIAH R 26 A
B [ A 16 P f S (1 JL AR 38, 2 WL T A4
WA Z TR AR AR . R3S K AR 4 % o
AZWEEE, AT RE S IEREAR 0B B AL, B R IE AR
FITH 2% 1K —MRASFIA LA 3%, X3 225K N g ot
WP S 7K 28 5 20 A R L % 7 B 3 1 A 1
FFAE S EE AL L REAT A B SRR (AL -

WEstas RE WP K R E B ik T ek
HARBEAR AL 2 RIS B, B 23 & ek
HrE H i AR AR A SR AT G, B % 2 R
SURIR B, MR B K A, AT LT R B A R T
VEZI ARG . W3] B AR ORI DX S0 P9 7K
AE D B RH R EEAAE A (B2 K
RYT B R R AT AL T B (IR A U160, 1R gt Ay a5
SO AT s e B . B A U 1 2 ST R X
& H R SIR R B . — Ty T AT LR
TP a Mgtk 2Rk 5 —J7m, /T AR 2749
B WP A O Gk R B B AR AT
AL BC SO, BRI HEAT A RO, X FERE AT A I &
Y E IR TR, SR G T SR A B B 5 1 ) AR
RN, LU i) R . PRI 5 AR R
X T M E A E LK DNA 815 2 FE1KF,
R R A A SR B T 2k, EX I RA
AN TRV ARAR S B AN AR R 2 AN RS X DATE CE
R, 3R 45 B I BT AR AR R fR (T 9

52 3k
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AFLP analysis of genetic diversity of Hucho taimen in Huma River

KUANG You-yi'’?, TONG Guang-xiang's YIN Jia-sheng!s LIANG Li-qun'; SUN Xiao-wen!s; MA Bo!
(1.Heilongjiang River Fisheries Research Institutes Chinese Academy of Fishery Sciences, Harbin 150070 China; 2.Dalian Fisheries
University> Dalian 116023, China’

Abstract: Hucho taimen is the biggest salmonid species and endemic to cold water systems around Chinas
especially widely distributed in Amur Basin and water systems in Xinjiang Autonomous Region in 1960s. In
the recent decades; the census size of the whole populations has dramatically decreased and its habitat has
become narrow resulting from habitat damage- overfishing and climate change as well as its propagating
characteristics of later maturity and weak fecundity. In order to protect this precious species; Hucho tain-
men has been listed in Red Book as endangered fish species in China since 1998. Additionally, some re-
searchers not only evaluated the current status of its habitats but made some progresses on evolution, genetic
diversity and population structure using biological methods. Huma River; a branch of Amur River, was au-
thorized to nature protection region for Hucho taimen . However> documents about population structure and
genetic diversity of H. taimen in Huma River are very limited. Amplified fragment length polymorphism of
DNA (AFLP is a kind of molecular markers famous for its higher sensitivity and capability. In our study>
we use 12 primer pairs to amplify genomic DNA samples from 20 wild individuals captured in Huma River
with AFLP method. As a result; a total number of loci detected are 565 with 39 — 53 loci per primer pair. Of
the 565 locis 477 loci are polymorphic and the percentage of polymorphisms is 84.43% . The mean Nei s
genic diversity index (H) is 0.386 7, the mean Shannon’ s information index (I) is 0.510 2, showing a rel-
ative higher genetic polymorphism. The mean genetic distance among individuals is 0.455 2. UPGMA den-
drogram shows that 20 individuals are divided into two groups. It is noteworthy that the phylegenetic tree
also demonstrates that there is serious inbreeding within taimen population: which is a disadvantageous fac-
tor for stock enhancement. Although the genetic diversity of taimen in Huma River is moderate based on our
resultss the inbreeding degeneration cannot be ignored. And further more it is necessary to investigate the
habitat and spawning sites of H. taiman in detail. In this case, the chances of propagation for individuals
from different genetic backgrounds will be increased by human’ s intervention, which will play a vital role
for population recovering. [Journal of Fishery Sciences of Chinas 2007514 @) :615—621]
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