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[11] 3 8 5
[13-16]
[17-18] R S
: AFLP
[18]
’ 17
4
(137 )
1
1.1 DNA
4 137 ,
(100 km) "l 25 (HM), 2003
o (100 km)
-1250  (HT), 2002 10 (18 )
2006 10 (32 ) (30 km)
41 (HQ), 2005 5 (8 ) 10
(33 ) ( 30km) 21 @,
2005 5 (15 ) 10 (6 ) 4
[7,10-12]
75% :
DNA!!!
1.2 PCR
17

, 90~400 bp 17

- OMM1016"  OMM5000 OMM5017%"
OMMII25 OMMI088 OMMI077 OMMI064
OMM1032 OMMI1097%"Y HLJZ023 HLJZ031""
HLJZ056(DQ121061) HLJZ069(DQ120978) BLE-
TET2 BLETET5 BLETET6 BLETETY!"

PCR 25 uL ,
20 ng/uL 1uL, 10xBuffer 2.5 pL, 25 mmol/L
MgCl, 1.3~1.9 pL, 10 mmol/L dNTP 0.5 pL, 10

1 uL, 5 U/ul Tag 0.2 pL,
25 uL :94C
5 min; 94°C30 s, 30s, 72 °C30s,30
; 72°C

PCR 10%
(8 V/em, 4°C, 8~10 h) , ,

pmol/puL

10 min

1.3
gel-pro (version

4.5, Media Cybernetics, USA)
EM (Null Allele
Frequency), INA

[22]

(Globle) (HWE) (
10 000 Dememorization, 100 batches, 5 000 Iterations
per batch),

( ) GenePop (version 4.1)
23, Bonfer- roni
P ( 4,
4 ( H,
H.) Nei’s (D) (fis)
Popgene(version 1.32) (24
PIC : 4
(Group), ~ AMOVA!Y
(Globle)F (F-stat)
Fy(pariwise Fy), (Permutation
tests, 10 000 )
Structure'*”!
k1 4, 10

, 50 000 burnin-in iterations, 100 000
MCMC chain length
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17

b b

(OMM5017 OMMI1016 OMMI1077 OMM-

Kingroup (version 1064 4 2 ), 3
28
20080229) 28 (OMM1064-123bp BLETETS BLETETG6)
BayesAss 18 2~9,
(Recent migration  (p7,) (He) 0.275 9~0.940 7
. : [30]
rates, ); Migrate-n 0.491 1~0.867 5, PIC  0.370 5~0.853 1( 1)
(Ne) (Long-term) 2, . HT
) BayeSIan MCMC ( 3 2006 2002 ,
Long chaines, 20 Increment, 10 000 Record steps, 5
g = - ps, (P>0.05), 2
replicates, adaptive heating scheme, 1.0
1.2 1.5 3.0), Palstra
4] (4, Ae H, H. I PIC) HT>HQ>ZJ>
_ HM P>0.05
(31-32] Bottleneck (33] ( )
4
, IAM SMM  TPM(30% ’
HT
1AM, 70%SMM)3
2.2 HW
2 EM 18
2.1 )
17 4 21 ) HM 3 )
F1 FBUSTHECERENFRKBAETERR
Tab. 1 Null allele detection at each locus and exact test of HW for each population
/bp Null allele frequenc HWE exact test
Locus 4, Size H, H, PIC quency
HM HT VAl HQ HM HT ZJ HQ Global
OMM1016-A 2 231251  0.9407  0.4983 0.3741 0.0000  0.0000 0.0000 0.0000 *+ R+ R+ kg Rt
OMMI016-B 2 161-166 0.4815  0.4911 0.3705 0.0000  0.0611 0.1661  0.0000 oy
OMM35000 6 246-318 0.7778  0.8089 0.7818 0.0000  0.0596 0.0167 0.0000 *
OMMS5017-4 3 224-234 03111 0.6151 0.5335 02030  0.1612 0.1309 0.2538
OMM35017-B 5 197216 07407  0.7066 0.6586 0.0000  0.0000 0.0000  0.0000 o e
OMM1125 5 113-161 0.8148  0.6341 0.5641 0.0000  0.0000 0.0000 0.0064 oy e
OMM1088 9 91-223  0.8222  0.8424 0.826 0.0000  0.0000 0.0000 0.0000 *
OMMI1077-4 5 311-387 0.6000  0.7596 0.7222 0.0374  0.0562 0.1795 0.0993
OMMI1077-B 3 257281 04519  0.6271 0.5549 0.0000  0.0417 02413 0.1936
OMM1064-4 9 165271 0.8593  0.8675 0.8531 0.0000  0.0000 0.0000 0.0150
OMM1064-B 1 123 0.0000  0.0000 0.0000 0.0000  0.0000 0.0000 0.0000
OMM1032 6 204-232  0.8519  0.8156 0.7891 0.0000  0.0040 0.0000 0.0266 *
OMM1097 3 93-109  0.3556  0.5422 0.4530 0.0000  0.0000 0.2048 0.1955
HLJZ023 5 241259 02759  0.7667 0.7305 0.0000  0.0000 0.0000 0.0803 *
HLJZ056 2 219232 02815  0.4664 0.3576 0.0000  0.0472 0.2088 0.0000
HLJZ069 7 180-211 0.7037  0.8419 0.8217 0.0000  0.0737 02311 0.0230 * * *
HLJZ031 3 117-132 09556  0.5802 0.4901 0.0000  0.0000 0.0000 0.0000 *+ R+ Ry kg ki
BLETET2 4 148-165 0.6148  0.6315 0.5836 0.0000  0.0000 0.0000 0.0553 *
BLETET9 6 166-219 05259  0.8145 0.7878 0.1164  0.1679 0.1618 0.1356
BLETETS 1 169 0.0000  0.0000 0.0000 0.0000  0.0000 0.0000 0.0000
BLETET6 1 230 0.0000  0.0000 0.0000 0.0000  0.0000 0.0000 0.0000
Mean  4.1905 0.5626  0.5862 0.5626 0.0170  0.0320 0.0734 0.0516
: Global, i+, (P <0.05); *, (P<0.05).

Note: 4,, number of Alleles; Global, HW exact test over all population; +, heterozygote excess (P<0.05); *, Hardy-Weinberg disequilibrium

(P<0.05).
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HT VA 9 , HQ 11 Fy
(D INA , (F=0.0164, P>0.05) 4
HWE HM 3 HT
R 4 HWE, HQ ZJ Fy 3 Fy, HM
, 20% 3
HWE( 1) R 4 HT HQ ZJ 3 1
(P<0.01), OMMS5017- ( WSL ), HM (
A OMM5017-B  OMM1077-B OMM1064-A HM ) AMOVA , WSL HM
OMMI1125 OMMI1032 OMMI1064-A BLET- 8.36%,
ET9 , HM Z] (P=0.000 1)
HQ 43 2 2.4
(P<0.01) Structure , k=2
2.3 : 2 ( 1), HM
AMOVA Fy , HT 7Z] HQ 3
Fy(pairwise Fy) , Fy ,
: 6.12%, 2 , (HM)
(P<0.000 1), (WSL)
-0.12%, (P=0.5240), 2.5
( 3) , 4
Fy 0.0193~0.1229( 4), >
(P<0.0001), 4 BayesAss ,
HT 2002 2006 ,
R2 BFE 4N HBEAMEE S AN
Tab.2 Genetic diversity analysis for H.taimen in four geographic populations
Pop ulation  n A, A, I H, H, fis PIC
HM 25 3.9524 2.7580 0.9628 0.5695 0.5091 -0.1415 0.4607
2002 18 4.1429 3.2439 1.0970 0.6270 0.5713 -0.1276 0.5192
HT 2006 32 4.0952 3.0480 1.0685 0.5622 0.5609 -0.0109 0.5100
02/06 50 4.1429 3.2580 1.1018 0.5860 0.5735 -0.0371 0.5228
zZ) 21 4.0952 2.9906 1.0473 0.5143 0.5532 0.07423 0.4973
HQ 41 4.0952 3.2072 1.0784 0.5540 0.557 -0.0227 0.5094
Global 137 4.1905 3.4402 1.1358 0.5626 0.5862 0.02784 0.5358
; 02/06, HT 2002 2006

Note: Global, genetic diversity over all population.

BF SR AEMBEANS THESN

=3

Tab.3 Analysis of molecular variance(AMOVA) within and among populations of taimen

Source of variation

Total variance

1%
Fixation index

Among populations
Within populations

6.12
-0.12

0.0612*(P<0.0001)

LIEE]

(P<0.000 1).

Note: ““*””indicates significant difference(P<0.000 1).



1212 17

x4 OTHEEEEESLE HQ ,
Tab. 4 Pairwise F values between all pairs of geographic
populations
Pop ulation HM HT VAl HQ ( 5,HM HT ZJ HQ
HM
HT 0.0930* ’ > Z] HQ >
VAl 0.1167* 0.0252*
HQ 0.1229* 0.0251%* 0.0193*
Q% (P<0.000 1). 2.6
Note: *indicates as significant difference(P<0.000 1).
( HT
, HT , HQ , HM
0.100 3, 0.025 6), HM _—
3 3 > N (
21 HQ ¢ 5) 6) (LDNE) N,
0.014 3~ 31.4~358.1 , HM
0.041 4 31.4, HT 358.1 Bayesian
( 3) MCMC , HM
, HM 3 , VAl LDNE ,
3 , Z] HT HQ LDNE
1
1 s )

Fig. 1 Estimated population genetic structure of H.taiman
Each individual is represented by a thin vertical line, which is partitioned into K colored segments that represent the individual’s
estimated membership fractions in K clusters. Black lines separate individuals of different populations. Populations are labeled below
the figure, with their regional affiliations above it.

k5 ETHSMIBHIBE. S%EEXERAEITEAZRLEK
Tab.5 Comparative migration estimations among all pairs of taimen populations for contemporary (BAYEASS) and
coalescent (MIGRATE) estimators along with 95% confidence intervals

Pairwise population

Recent migration (BAYESASS)

Long-term gene flow (MIGRATE)

mi.> my.>y my>; my.>

HM HT 0.0071 0.0158 0.0143 0.0305

HM vs HT (0.0001, 0.0298) (0.0001, 0.0755) (0.0088-0.0201) (0.0228-0.0368)
HM 7] 0.0120 0.0058 0.0223 0.0159

HM vs ZJ (0.0001, 0.0450) (0.0000,0.0270) (0.0122-0.0306) (0.0096-0.0219)
HM HQ 0.0060 0.0067 0.0163 0.0299

HM vs HQ (0.0001, 0.0257) (0.0000,0.0354) (0.0105-0.0210) (0.0228-0.0359)
HT VAl 0.0790 0.0136 0.0304 0.0102

HT vs ZJ (0.0016, 0.1787) (0.0835, 0.0308) (0.0224-0.0315) (0.0053-0.0140)
HT HQ 0.0055 0.0049 0.0337 0.0244

HT vs HQ (0.0000, 0.0233) (0.0000, 0.0212) (0.0263-0.0403) (0.0184-0.0298)
YAl HQ 0.2149 0.3134 0.0135 0.0356

ZJ vs HQ

(0.1112, 0.3156)

(0.2828, 0.3300)

(0.0070-0.0193)

(0.0271-0.0362)
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%6 T ZMBMHAMEMR. 5% EFEXERAEITEAEZMLILE
Tab. 6 Comparative N, estimations among all pairs of populations for H.taimen linkage disequilibrium (LDNE) and
coalescent (MIGRATE) estimators along with 95% confidence intervals

(MIGRATE-n)

Long-term (coalescent) estimator (MIGRATE)

Linkage disequilibrium estimator

Pop (LDNE)
0 95%CI N, 95%CI N, 95%CI
HM 0.0487 0.0400-0.0610 69.59 57.1-87.1 31.4 21.8-50.7
HT 0.0954 0.0890-0.1000 136.3 127.1-142.9 358.1 137.2-Infinite
VAl 0.0701 0.0495-0.0880 100.2 70.7-125.7 452 26.7-113.4
HQ 0.0927 0.0815-0.0995 132.4 116.4-142.1 127.9 72.6-395.9
6 ,
3
, / 3.1
Kingroup )
, 4 32 ,
7] , 2 / , 4 )
: 19.04%, HQ 14 BU 0 wu BT 1957-1958
/ , 28 , 1998-1999 2
68.29%, HM 6 / , ,
20 , 80 L, HT )
10 / , 24 , , 2002
48.0% 2006 , 2006
2.7 (4o Ae) (H, H.) )
, IAM , (fis) ,
SMM  TPM , ,
(P<0.0001),
L-shape 3
,HT HQ 3.2
L-shape , (P<
0.0001); ZJ 6.12%,
(P<0.000 1), L-shape (P<0.0001),
; HM IAM  TPM (pairwise Fy)
(P<0.001), SMM (P<0.000 1), HM 3
, , 3
L-shape HT HQ ZJ3 ( 4, HM WSL
, HM HM WSL
, (P=0.000 1), HM

Structure
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2 ; (HM)
(WSL) 4
. HM
, Strucutre ,
3
, 3 3.4
(4, P<0.000 1), WSL
(Subdivision) ,
JHM  HT ,
, HM HQ ZJ (18]
, HT 7,
[10]
[’971017 ’ ’ ’ ,
(WSL)
, ZJ  HQ WSL
) HT )
, HM Z)] HQ
HM HT
, ZJ  HQ
( 2, ;
2 ( 30km), ,
( 5
33
2 3.5

(Bias estimate),
[31-32] 2 (Unbiased

; , 2

[36]
[36]

[7-8,11]

, HM

AFLP

HT HQ ZJ3

HM

[7, 9-10]

( 30 /km)

N. 500

>

estimated),
(4]

Bayesass

, HM

E

Migrate-n

[37]
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Analysis on population genetic structure of taimen (Hucho taimen) in
the Heilongjiang River

KUANG Youyi, TONG Guangxiang, XU Wei, SUN Xiaowen, YIN Jiasheng
(Heilongjiang River Fisherise Research Institute,Chinaese Academy of Fishery Sciences, Harbin 150070, China)

Abstract: As an endangered fish species, Taimen (Hucho taimen) has been recorded in the Red Lists of Threatened
species in 1998 in China. To protect and exploit this endangered species effectively, investigations on population
structures, resources and artificial reproduction have been conducted. However, seldom study was reported in analysis
of population genetic structure using molecular markers. In this study, 17 microsatellite markers were used to analyze
genetic diversity and structure of 4 populations of Taimen from Heilongjiang River, named Huma population (HM),
Hutou population (HT), Haiqing population (HQ) and Zhuaji population (ZJ), separately. Statistical results showed that
each population was on a mediate level in genetic diversity, and the genetic diversity level of Taimen had a positive
correlation with population size, which presented a declining trend annually. The analysis of population genetic
structure showed that there existed remarkable genetic differentiation among the 4 populations. Taimen in Heilongjiang
River was divided into two genetic types, HM type and WSL type, and WSL type was further subdivided. The small
size of effective population was caused mainly by the changes of population number and the genetic bottleneck, which
led to greater inbreeding pressure within populations. Through the examination of recent and long-term gene flows for
Taimen in Heilongjiang River, we found that immigratory rate and migratory rate in each population were asymmetrical,
and the large population migrated to the small population. The values of recent gene flow were smaller than those of
long-term gene flow, indicating that gene exchanges were blocked due to the harsh environments and shrunk population
censuses. According to the above mentioned, we thought that the harsh environments and the decreased population
number caused the degradation of genetic diversity, the divergence of genetic structure, the occurrence of genetic
bottleneck, the small size of effective population and the obstacle of gene flow amongst populations. Overall, Taimen in
Heilongjiang River should be preserved comprehensively as an endangered fish species.[Journal of Fishery Sciences of
China, 2010, 17(6):1208-1217]

Key words: Hucho taimen; genetic structure; gene flows; genetic bottleneck; effective population
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