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XA TR VIK R P EBE T R e A
3AHBERR 8L R S B EA TS B
SRR R AL 25K R B A3 Ak K, R i
PR BRI A

1 #REFE

1.1 BUFREEZHDNARREL
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Fig. 1 Thymallus tugarinae (citation from Ma et al™)
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Tab.1 Sample sizes and collection locations of three populations of 7. tugarinae
Pl %' BEAKL R 2 S 21)3
Population Code Sample size Collection location Longitude (E) Latitude (N)

L3R BT Wusuli River WS 40 54 Haiqging 134° 39’ 47° 52
1357 Huma River HM 38 P& Tahe 124° 42 52°18'
AR Emur River EM 38 [€l58 Tuqiang 122°47 52°55'
2 HERE5HN 5 EMAIEA 155 AL AL REC 274>, WS HIEM 347

21 EREMRSEMEE

TR TR 5 e T Uit SR R VI 11 34 by 24 o
TR AN 156 A5 (0 FE PR, S 2B M7 s S v
A 2234 FHod, A3 5 Tar 1 10 535 A7 35 R 8 i
20364, Tarl 15t /0 R T4~ (F2), 5843 FE R A7 5
(R FL UK L AN 1 2 s o R IR TP 0 11 457
FEREEL S 95 BT (WS) i %, 4 127, 1P 350 (HM)
HW, 101, BUA R (EM) /0, R182, 34 Fli i
A S SR BT A WS 6 22, 33, HMHIYR, Ky
16, EM />, 7, BIWS A HM 2% 2, HM A EM
2452 (33); F— 2G0T Bon, WSHIHM LA 1

1175 HM AN AT OS50 B VB 1441, HMATEM
A5 WSA A B A ZE R 94~ H L %L
S/E2 g W S I S e SR E A ol A AW T A
A b FRRI R i BB A S R DR A S R DR K
LSS5 BT A o, WA IR T R e I, I3 T ol
FERE TR, A R DAY R B BRI P (] A Y25
P PRIECR B R R R VTR i 22 B I AR
o W AEALHE D FIRE PR o3 Af 25 52 0 e B, 7 A4Sk
DAL A 3R e 2 3R B 1 22 57 (P<0.01)
(F24), F WX B i A 5557 DR FE AN [ e ] 1473
A ALK
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Tab.2 Information about seven microsatellite primers, their allele sizes and numbes in 7. tugarinae populations

BLR Sl (5 -3') B H IS IR /C FBOR/N bp AL
Locus Primer sequence (5'=3) Core molif Ann temp. Allele size Allele number
Tar100 g‘: gﬁfﬁ;ﬁgﬂgﬁ%ﬁ%ﬁc ac  (CTTT)CTTC(CTTT) 60 213-277 16
Tarl0l AT O ATTCEAGTE (CTTT) 56 233-317 2
Tarl03 T A AL (ATCC)STCC (ATCC) 60 176-258 21
Tarlod ATt (CATA) 61 120-208 21
s [STGGNENNG (RO s
Tar 10 e A A A (TAGA) 59 318-466 36
turtgs i CCAATATGAGTGGTGGAATATG (g % 26356 .

R: CGAGTGATTGAAGTCTGTCC
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Tab.3 Characteristic alleles and frequencies of seven microsatellite loci in three populations of 7. tugarinae

LRI FER AR LRI RHE R R BRI WP AR

P/ A i B ||OiA/ B FEE i BREE |/ SR BREE i T
Locus/ Wusuli Huma Emur Locus/ Wusuli Huma Emur Locus/ Wusuli Huma Emur
allele River River River allele River River River allele River River River

population population population population population population population population population

Tarl100 180 0.0375 304 0.0132

237 0.089 7 184 0.037 5 Tarll0

241 0.153 8 188 0.0125 318 0.029 4

245 0.076 9 192 0.0125 326 0.0313

Tarl0O1 196 0.062 5 338 0.0147

237 0.0513 200 0.0125 346 0.0156

241 0.0256 204 0.0250 362 0.040 5

257 0.0513 208 0.0125 398 0.0313

317 0.0128 Tarl05 426 0.040 5

Tar103 164 0.0139 434 0.1216

180 0.073 2 172 0.0278 |438 0.046 9

184 0.0732 184 0.0139 |442 0.0135

188 0.1951 188 0.1250 446 0.0156

190 0.097 6 208 0.069 4 |450 0.040 5

194 0.097 6 216 0.0139 |454 0.054 1

222 0.054 1 232 0.0417 458 0.054 1

250 0.0270 252 0.055 6 462 0.0270

254 0.0122 280 0.0139 |Tarll5

258 0.0135 288 0.026 3 262 0.0270

Tarl04 292 0.0139 274 0.0135

120 0.0125 296 0.052 6 306 0.135 1

T4 THRELIE &3NS ERES L Fisher s 116 F1E F B 9L A G-likelihood #16

Tab.4 Fisher’ s exact test of allelic differentiation and G-likelihood test of genotypic differentiation among three

populations of 7. tugarinae

{7 5 S HEPR 22 5 Allelic differentiation HEPIAIZE 5 Genotypic differentiation
Locus HERAE P PRHELRZE SE WERME P PRfEIR2E SE
Tar100 0.001 <0.000 0.002 <0.000
Tar101 0.000 <0.000 0.001 <0.000
Tar103 0.004 <0.000 0.005 <0.000
Tar104 0.000 <0.000 0.000 <0.000
Tar105 0.003 <0.000 0.000 <0.000
Tar110 0.000 <0.000 0.001 <0.000
Tarll5 0.003 <0.000 0.004 <0.000

22 FEENEET

28 5 A L, B RVTK R T i B e VL] 1 3/
BEFPRERY 7 A BER LSRRI S SRR (V)
2~ 26 CE3114.7), ARCFALEE R EL (V) R 1.7 ~ 174
(F-#59.5), Z &5 B & & (PIC) 70312 6 ~0.939 5

(CF-#40.818 1), 24 4 B (H) 70.315 8 ~ 1.000 0 (°F-4
0.814 0); 137 15, Tarl05 , Tarl 107E 3 Fh 55 £
FEVE K48 5, AL Tarl 15 5/, WS, HM FTEM
FRREERY 4N, 20 510 18.1 144 F111.7,FFI N, 43 51
$912.2.9.6 F117.0 5 S PIC 435124 0.891 3.0.805 3 Al
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Fig. 2 Polyacrylamide gel electrophoresis of PCR products of microsatellite loci Tarl101 and Tar104 in three populations of T. tugarinae

WS: Wusuli River population; HM: Huma River population; EM: Emur River population; M: @ x 174/ Hae Ill marker.

0.757 7 ; “F-¥ H 43 51 90.816 5.0.807 2.0.818 4, LI
I EERR U, RO VIOK R N YR e VL ) 37
AR B R R, 2RO B BR T
AR RNAE (EM) 1Y H g &5 51, HoAth 2400 o 595
HYTFPHE (WS) i, 3 3m] FofE (HM) Lk, #iR

IRTAIFPHE (EM) FAR, 35t 1% ZFEE AT AR [ 52
R IE VT R U 2 L i BRI R A, WS R
W18 Tar 11567 55, HMAPEE o (Y Tar101 F Tar103 fi7
S5 K EM AR Y Tar105 F Tar 1 1045 35,38 25 25 1T
Hardy-Weinberg -7,
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Tab.5 Observed number (V,) and effective number (V,) of alleles, heterozygosity among populations (F),
polymorphism in formation content (PIC) and Hardy-Weinberg equilibrium analysis (Py,) in three populations of 7. tugarinae

A ZH V7 /5 Locus ]
Population — Parameter ;5 Tarl01 Tarl03 Tarl04 Tarl05 Tarl10 Tarll5 Mean
%33‘;%‘?1 N, 14 21 17 21 2 25 7 18.1

N, 102 145 10.3 11.7 174 17.1 44 122
PIC 0.894 2 0.926 9 0.895 4 0.908 9 09395 0.938 3 0.7356 0.891 3
H 0.948 7 0.789 5 0.750 0 0.900 0 0.947 4 08125 0.567 6 08165
Py 0.496 9 0.5103 0307 1 0.1209 04393 01272 0.0000"
”?Iﬁf} N, 13 16 14 10 20 26 2 144
N, 75 12.1 9.1 6.1 139 172 1.6 96
PIC 0.8536 09117 0.880 1 08167 0.923 4 0.9389 03126 0.805 3
H 0.8158 0.8158 0.891 9 0.9730 1.000 0 0.8378 03158 0.807 2
Py 0.570 6 0.000 1" 0.0112° 0.4147 0.1716 0.533 1 0.216 1
%WE‘@W N, 10 12 10 9 19 18 4 1.7
N, 3.6 76 6.3 40 125 127 22 7.0
PIC 0.643 8 0.856 0 0.8212 0.720 0 09147 0.9158 04323 0.7577
H 0.789 5 0.8857 0.939 4 0.771 4 0.861 1 08529 0.628 6 0818 4
Puy 0.1453 0.555 1 0.799 8 0.069 0 0.000 0™ 0.0129° 0.667 6
;;ﬁ N, 123 163 136 133 20.3 230 43 14.7
N, 7.1 114 8.6 73 14.6 15.7 2.7 95
PIC 0.797 2 0.898 2 0.865 6 08152 0.9259 0.931 0 0493 5 0818 1
H 0.8513 0.8303 0.860 4 0.8815 0.936 2 0.834 4 0.5040 0.8140

T * RO B Hardy-Weinberg A (P < 0. 05); ** FR .35 I 2§ Hardy-Weinberg A (P<0.01) .

Note: * indicates significant deviation from Hardy-Weinberg equilibrium; ** indicates highly significant correlation deviation from Hardy-Weinberg

equilibrium.

2.3 ThEfEEES W

BT AR A R, TH N Ui SRR L A 34>
by 35 AP ] 7 3 1 ARRLRE (). 35t 4% 5 15 (D) JE 1A
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5 EMAPRER] s L ARRLEE (D) %5 (0.801 6), WS
EM [1] 5 % (0.529 5); HM 5 EM Fh B [a] () 38 14 B 25
(D, # i (0.221 2), WS 5 EM [H] #% & (0.635 7). #H
AR R AE R DWS 5 HM[H] 24 0.609 3. HM 5 EM[i]
0.221 2) B A B AP R (WS 5 EM[E] 47 0.635 7) Zi/)N,
HWS5HM., EM[E# D, 25 F HM 5 EM 93 3 7%,
FEIN 3R] 418 L S 5 P s S AR G
BT Nei’s hrifiz it (& B 25 1) UPGMA 2 5] (813), 7]

B 3 FhEE S A 225, HMATEM ] 1 D, %5530 8 o —
25, WS5 HM  EM [H] (1) D 357 5l —28
3 FE AR 1] (4 °F- ¥4 5L R (V) R 4.92, Ho,
WS 5 EM A HEE AN, 5228 (3.25), HM 5 EM [A] )t K
(7.39), 23 WS 5 EM B (9 21% 2. WS 5 EM P ¥ [
AL L R B (F) K (0.082 7), HM 5 EM [ fi2 /)]s
(0.035 6), VX F, 10062 1,22 B 6.21% 1) 38t 1% 75 5
ok A FPIER],93.79% (14 3 £ 78 S ok B AP EE PN A Z
[i1]; AMOVA 73 J5 2253 B th 7R ,6.35% st A5 A8 S
ok B T REER],93.65% HIAS Sk A TREARPMAZ 6]
(GR7). VI BRI, 3AFRE ] SR 5 b3 2
ARG, g% o AR R 5 bR s L TE AT G
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Tab.6 Genetic distances (D)) \ genetic similarity indices () ( below diagonaD, gene flow (V,) \genetic differentiation
coefficient (F,) (above diagonal among three populations of 7. tugarinae

FhiE Population LR HEITWS f-FE e HM BRI EM
LRI WS 4.11\0.0680 3.25\0.0827
I Fth ] HM 0.609 310.5437 7.39\0.0356
FIUARRI EM 0.635 7\0.5295 0.221 2\0.8016
I HM
] ' EM
WS
0.30 0.25 0.20 0.15 0.10 0.05 0.00
3 BTN IR e v fh 3 Fh s A2 i B A ) UPGMA SRS
WS: L5 BLYTAE; HM: PPERANEE; EM: BRI
Fig. 3  UPGMA dendrogram of there populations of 7. tugarinae based on genetic distance
WS: Wusuli River population; HM: Huma River population; EM: Emur River population
FR7 TilFERILES 3R AMOVA 217
Tab.7 AMOVA analysis of three populations of 7. tugarinae
RUE S ST A EIoyill T 25Tt AR5 A5 1%

Source of variation Degrees of freedom Sum of squares Variance components Variation percentage

F##EE] Among populations 2 29.019 0.167 06 6.35
FhEEA Within populations 213 529.143 2.484 24 93.65
31 Total 215 558.162 2.651 30
3 i (Bobcat ##f]) HATEL R 1i8% Z MK CFR5507 55

9.5, X4 A FE0.719 2), I FR I i F1 - ¥4 454 3
PR F 6.5 4, R BH X LU f DA S e e fa L
A v 8 S P T AR P Susnik ™ 7 1 ) ik
TR AT BIE S A A T £ R AU £ e i
& ZREMACT AR, FEHH R LU TR S e T fa v
(AR S LA ORSF o T TR S AN TR B0 A8 K
R[]k — I AEBE R AT SE A B AR B ™
b, M BRI TR A5, e i B )
BHE AR R AT RE S AN,

31 TilEERIEGMENEESENE

IR A A i 4 A S T £ 188 1 2 R AP (i
SRS BN 3.5, F 24 A BE R 0.41 5 AL FE U
AL AR T 0 O S A LD B 2.1, A A R
0.226, SR TRACHH T1 #81; ZR PO AP S 340 DX A B AR i £
1 T T 1 S g S (i PR K B 4.8 6.5,
B TR i R b SN B e i f . AT R,
T AR TN A 7 L 5 LT I B ] A A R3] 34
iy AR P Y AR R TR 147, 2 A

J10.814 0,38 SRRz 2 T LR LR £
ACHIFSE TS |YPARAR Matthenwd 262 i i AL % £y
PCTLR LA BT B T PSR A T L £

SR LA TR 0T I B T A A T
R Y T e 1 28 s Vo0 80 v (1438 45 78 S K 7 5 AR
OIS A B s 2 (EAE B BRSSO T
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Tl L FPE R 388 A% 2R KA B e , 32 /5 1)
REM G TSRSk R it ™ 7 % 4™ (Hucho
taimen)\j(ﬁui/ﬁ\@m (Oncorhynchus keta) 25 HAh v 7K
PEBERMAZE R A0 A TSR0 R i
&1 KR HARHE K R T SRRV U A
ST L A L AL SRR K R
PR W7 S YT £ R R L SRR YT T 73 Ry PR
J1ER,
32 THERIE&MFEEETRRIEN ML
Vanithe | =301 =R NN E |/ QTR R S IR )
SRS 4 A B 5 1 PR s 2 W B A A OG, R R
Wi ZE bR TR, R R L X G
PTG ) B RO T £ 558 £ Z2 Rk 7K (G507 3
B A2 4 ) WA AR o 7 (ZEG ", AR
VR R VLT 0 P AR S P ESOR L R TR A A A 3
A M A A 18 2 3 A (P<0.01), H 2758 BLIT
W 3 Y] AR AR 7 T AR ) S5 A R DR B (43l oy 127
101.82) ¢ A 55 A3 B R (43 53124 33.16.7) T2 245
& B & (PIC) (43412 0.891 3.0.805 3.0.757 7) Hi
ORI RS i TR BNV
SN LR A KO iR L A2 A
R 2 B W S Y M B 25 R (WS, HMFTEM 43 51 A
0.816 5.0.807 2.0.818 4), iXFistf& AL M FH 2%
S 50T PR 3 1V B A DG, G I N T £ e )
WL 2R KT B35 25 5 A o T AR 538 AR
Rl YR B ARSI
Tl AR 7 FPRE (555 BLVIARRE) (A8 SE RO 2245
B R A AL A (W T AR IR R),
2 B b B 5 P A IR P A ] B T LA N 2=
B ARA TT L HbR B A e R R B T
B AEARSE . RO, T R S S PR AR S KAl g
I BB A 5 AT T AR Rk, A
J7 M DX () G st e LR R AR A Z b b X A AR5
TR REPE B ™ R I, T 0 S T ) 2
Je T b A TR N RN R A R Ak, B
T FIRE S e R () LR AELRR A, LA AR Sk
5T A BRI B 5L R

I PR FAL S 3 7K 2R ] RACHM 1 £ 1) 2537 S5
PRI AR 43 6 0 2 A ), A AR v KT R0 AR S T
IF 4 s A ) A B 2 7 A W 3 st A oAk (R R
29.19%) ™, ZZ BT -3 115 DT 18] ) R T £ 777 B
125 5 G 28 R [R) b 3K 2R A R 1 B
AR 3A ALY 37 (F, 09 24%) " ABFFE R, IR
Vi SR T 3 R (R A K B A e
G346 (F, 0 5.6%),ABAT) 2 B HAE R e K R N AR ™
AT B R R ok, FLF i T R Rk
(14 JE % (Hemibarbus labeo) (2.36%) ™, & %5t W] i &5
T LA i PR B 1) BRI £ (3.6690) ', THT £ R R
(i) S 25 st A% A A A A 5 R (1Y) 2R T SRR
O, R HA TR SR ZE5E Bl H 5455 099 e
FEINIEE A 10 ~ 15 km, B A 0 ~ 14
k", SRR B S £ AR AR IR BT RS, A
TEUFZ IR BAN, M A RS K2,
X R B ERBE R HARH 2] OK 4 ~ 9 °C)Y, I &k
Wi EAER KRB T, Wi A BRY T S E A
B E > 1 e 25 (/N b SRR ) BE R A2 7 A —
WEf, 25 50 7 A 3 st Ak, DRt b B 25 (i
bR ) SR T PR AR A% A A A
Saimaa i) AR T 481 3 /4 3t B R 110 382 20 AL L E
e (R, o 0.261) ™, Z2 56T AR 7 #10 FffbE ]
WAFAEAR KRR I IBAE L™, AR IT T, T i
IRV e R VIOK RN AR N R
B L 55 BLYTAPRE S 0 3T AR AN EE Y D, 43
124 0.609 3F10.635 7, F., 7351745 0.068 0,0.082 7 (4
PRI ES 2541 500 km A1 800 km), 28 /5 T~ M- ¥ 0] 55
FRAR IR DA F, (0.221 2F10.035 6) (i3
PR 52478 600 km), F] B T [ 65T HA AR A 25
STV AR U SR YT £ 3 S M R AR ] A AL ok
IR 55 b PRI 5 T A O
33 TiHFELIEE&MNRIPSEERE

AHIF A S 3 AT T R IE VLK R [E B Y
T 9 Bl e 0 AS [ b R R A P AL 3 BT
(ESUs), LAl e BHA A O3 A BRI . AR B &
WAL Ak, Z 3] 3 IR | Sy b T g B T A T
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0 3RS L BT P, T 5
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Analysis of genetic variation and geographic divergence of Thymallus
tugarinae by microsatellite

MA Bo, JIANG Zuo-fa, HUO Tang-bin

(Heilongjiang River Fisheries Research Institute, Chinese Academy of Fishery Sciences; Key Field Scientific Observation Station of

Fisheries Resource and Environment in Heilongjiang River Basin of Agriculture Ministry, Harbin 150070, China)

Abstract: Thymallus tugarinae is a newly recorded species of Thymallus, which is an economically important
coldwater fishes and endemic to Amur River system. Comparation research on genetic variation among three 7.
tugarinae populations from Wusuli River (E 134°39' N 47°52" ), Huma River (E 124°42' ,N 52°18' )and Emur River (E
122° 47", N 52°55' ) was carried out to investigate their population genetic structure and geographic subdivision, which
would help to develop their management and conservation strategy. The results show the average alleles numbers (/V,)
are 18.1,14.4 and 11.7, and average heterozygosity (H) are 0.816 5,0.807 2 and 0.818 4, and average polymorphism
information content (PIC) are 0.891 3,0.805 3 and 0.757 7 for Wusuli River (WS), Huma River (HM) and Emur
River (EM) populations, respectively. Population-specific allele numbers are 33,16 and 7. From these results, we
can conclude that the order of population genetic diversity from high to low is Wusuli, Huma and Emur population
except higher heterozygosity of Emur population. That” s to say, genetic diversity of the three T. tugarinae populations
declined from downstream to upstream of Heilongjiang River. On the other hand, alleles and genotype are significantly
different among 3 populations (P<0.01) . Genetic distance (D,) and genetic differentiation coefficient (F,) between
Wusuli and Huma are 0.609 3,0.068 0, between Wusuli and Emur are 0.635 7 and 0.082 7. Huma population has more
close genetic relationship with Emur population with D_ and F, values being 0.221 2 and 0.035 6, respectively. Genetic
distance and differetiation between populations have positive correlation with geographical distance. AMOVA results
show that 93.6% of genetic divergence comes from intra-population and 6.35% comes from inner population, which is
due to the habit of T. tugarinae, such as migration and geographic isolation. Our data support that Wusuli population
and upper Heilongjiang River populations (Huma and Emur) should be conserved as two independant ESUs. [Journal of
Fishery Sciences of China,2009,16 (5): 678-688]
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