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150070;
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TR Ryt — WA b E 22 250 = B £ & (Tribol odon) £l 2 (1) 432 Ay e HRE IR, AT 5 A 4 =5 2 00 imn i = B9 ]
¥k B = e fa (Tribolodon hakonensis), =¥t ff(T. brandtii) bz — % 5e Bl 24 2c#h 5 A AZRE = fadh 53 BREAR Col
R FHHEATT AP A . COIABUTHIK N 637 bp, FuAa iz 8 Fhepafhny, Hrh =Hufagh=2 4 F | ZRE =k
T 3 A HAER R = Hef = 1 BERIZRaCR B S Hem e 2 FhEAE AL H17E 80% AR Y BRLAE A Bk
=t ERCRER—B, RGP ER, BRE =l 5Bk 2 = iR 8 (sourthern forms of T. hakonensis)%
N—3, BAZRE =Hum 53k 2 =t )7 B (northern forms of T. hakonensis)® b — 37, =Heffi(T. brandtii)&jm 5
32, BRT LA H AR R A5V 2 25 SV YA DX YT 28] v [T DX B ) = B Al SO BR U =t R T R =
Yt mAREE RS R NN, BRE SHuamg iy RV B AE R 0.023, 54 COI ZEFE[ Ay R R 35 (>0.02),

SRR E TR P A P B FPSE 2 2  ARAE COT Zp A4l 2R, Bk A2 = Bt g 5 U FN = B i A7 78 2 S Y AT
REVE, P ihh 1 =B BF A ol B DR R 5 BRI AR SG R 1o

KERIE: AR, =Hufa; 2R35RR; CcOl i Rtk
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SOFIBEIG AR, H AR 5, A8 E A1 T
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TREBIEAT T3 RGIWETE o AR 4 13 0 L
WEMTEN . [F T A mtDNA FIBF5E 45 500 =
et 73l 4 DSARF, Rk R =
(Giinther,1877), =Htffi(Dybowski, 1872), Bk
—Hu4(T. sachalinensis) (Nikolsky,1889)# T. na-
kamurai (Doi et Shinzawa, 2000)!"*'4 A £ Fr i 5%
KB, Ok AP i X A R R P g
FMrovw . BEIS AR H AR BRI E e s .
B ORSTOWSE F K mtDNA ¢ 5 AR A7 A BH f 4
AU R, A 2R AR W T X A R R
= Hu g 7 B (southern forms of T. hakonensis)fi,
N —AN BB BT R (T sp)t'> 81,

DNA ZIEH AR (DNA barcoding), HIF]H—
MR HEIE N DNA P SIAE P in % F B,
B H INE R Guelph K241 Hebert 4% M HAF
FEAIBAT 2003 4E42H, T RIMERAIRA AR ¢
FA ALV L T (cytochrome ¢ oxidase subunit I, COI)
FEAT 5" ) — BET 5 X Wk 2 i o k0,
T 4 AP UR Az AR A b 7 )8 0 2 R 5 0
B %14y, AN B All(Carassius carassius). [fli(C.
cuvieri)FI#(C. auratus)iy 3 SRR, TEREY(C.
auratus gibelio) HUZ A — S A, X B 2 T%}

IRE = T hakonensis

=t T brandtii

17 Fhef R RIEAT T 5, WESE TIREARED R
YT AR, Tz 5k A BARSKSY
B Hh = et MEAR AL SRR W L L, B
T e ] S 25T = e Y o ) o3 2 SRAT i 2 R
FI 5> FIEdE o AABFFE R DNA KBRS E A, X4
A5 76 F R 22 25900 A BR R = B fn = B fn Jr B
PIZe M5 R A HARMERE — i T 2Lk
ST, RIS EAN &R =S g 250 Col P
FEATIRIIR b, AR A v = e £ ) g R 4,
] I R T B AU A S R = e i kel e A R
TR AP TR 2%, A A b R A R i S
) IO D B R 2 AR A

1 MEEFE

1.1 SEIGH A

20164F4—6 H, M4 — P ff AN [R5 S o B IR 7E
PRIV AR 77 B B 2530 () g B () B B A 2 25 5
IPPIRERRE =B 21 B, =t 19 B, UK
THAREREEIZ A 10 B(- 1); HARBRE =
Y 3 8, RAHATHREFEALBI(H AR
K2, Kaneko A2 H) . T AFEAREERT 95%4
b R A2 o

BE{BIZRAEHh suspected hybrid

cz}ﬂisst@&r&#kﬁpiﬁﬁ#éﬁ@#ﬂ?osfb'j‘gﬂnfsﬂ:ii6%@9@“&2‘9 cve
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Fig. 1 Tribolodon species in Suifen River

1.2 EFZH DNA RYREX

SIHUD I 95% R AE I EE 5%, BRI T &
P, A 2 mL .08 A 600 uL DNA $2H
W (53 1 mol/L  Tris pH 8.0, 5 mol/L NaCl,
0.5 mol/L EDTA pH 8.0, 10% SDS I 200 pg/mL
FEAM K)F SSCimfl; wHMASE R
/A IRA( : DA 1K, 12000 r/min =G
250 10 min, WEHL 35 (29 550 uL)IA 1 mL Jo/K
L TEUUYE, 12000 r/min ZE 2500 10 min, 70% £
YR 1R, ZiE T8 10 min, JMA 0.1x TE i5f# .

K H 1%3E e WEEE I L UK Al DNA 1 58 1,
Nanodrop 8000 (Thermo Fisher Scientific, MA,
USA)ill % DNA W5 #i B2 10 ng/pL, 4°CIR-AF
2= H
1.3 COlI £EMSI#RIERK PCR ¥ &

£R ki A COIL 5142 IR Prasanna 25 34 (1418
H51#1(COI-F: 5-TCAACCAACCACAAAGACA-
TTGGCAC-3'; COI-R: 5-TAGACTTCTGGGTGG-
CCAAAGAATCA-3"), PCR SV MIAFIK R Ky
25 uL, H:A 415 Hii] PCR buffer mix 18 uL (335
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50 mmol/L KCI, 10 mmol/L Tris-HCI. 0.10% Triton
X-100, 1.5 mmol/ L MgCl,. 0.10% NP-40. 0.01%
B . 200 pmol/L 4 d NTP), #&J¥ 10 umol/ L
B E RS04 1 ul, Taqg DNA 45 0.2 uL
(Fermentas, 5 U/L), Bt DNA 2 pL, K& FKH
KANE SR 25 uL, W FRTN 95°CHiAs
3 min; 35 PMEFRAEE 95°C 15 s, 57.7°C 30 s,
72°C 30 s; fJi 72°CHEH 7 min, PCR § 34 =4)
F 1.5% M B R B i P kRS D S At J, 326 R b
EPESE R F A T IN S
14 FIIRERSH

F W 745 ) 19 7 51 SCF H DNASTAR. La-
sergene 7.1 H1¥) EditSeq BB FE e hl fasta % =0 H
FIR8L oMo R ClustalX 1.83 X COI 3L [H J¥51)
PEAT Z X, RA X5 S i RE YA, SR
NCBI My #EE A9 Bankit #2232 % GenBank £4f /4
i, I DNAsp 5.10.01 718 2507 5 50(S) . 4
FREREU(H) AR ZRETE(Hy) W TR Z REPE(P) |
PR ZE S (K) . i MEGA7.0 11515
PSRRI R AR B . BB R /iR R (H
M NCBI GenBank %#i& 5 h T #k 7 40 & %M =
Pt COL Jpal, G4k A M P Wi g= i ARG 2
B I e 1) BR 2 = B £ Jb 5 R (isolate 4F&SF,
EU392225.1& EU392226.1) , % Wi i X A Bk &
= et B 5 B (isolate Vkk, EU392224.1)., &%
% W& BR 10 % 0 bk = B £8 (EU392231.1& EU392-
232.1), M I i X %) = £ (EU392229.1) Al
FEW TG T. nakamurai (EU392230.1)2420, 4%
XS K T 9 5 A 58 45 B 1) )3 51 - 51 J5 SR 4R
$21: (neighbor-joining) ¥ £ 3 T Kimura X2 H(#5
A (Kimura 2-parameter, K2P)AJ HA5 B HEL A, If:
2 1000 X H K56 (bootstrap), 1% FH# 81 (Cteno-

pharyngodon idellus) COI [ 4 ) i Bt (GenBank
5 NC_010288. )FE Ky R GE kAL 43 i A1 38
#F; i MEGA7.0 71536 F K2P Bif T &2k
HE N A0 5% B B S A5 2 o) i~ st AR R

2 #RE5HH

21 BESHEMESW

FFA 4 XA B S #5 51) COL A RUF FIHE B R
637 bp.53 454 %0T LRI £ 8 FhHLAEAL(E 2),
FARRRY JP 51 g B J $E A8 B GenBank U
(GenBank &35 : MF450497~MF450504), Hrp
=Pt AT 4 FhEAAE R (Hap 1 ~Hap4), BEE —=Hfafy
3 AR (HapS5~Hap7), SELZCFIA 3 s
fl(Hap2 . Hap3 il Hap5), HAREKE =M= 1
it FRLA% Y (Hap8) (R 1) A% BRI A o0 B B,
A. T. C. G4 FpEpT 5 e b, &
B9 25.5% . 28.2%. 27.6%F1 18.8%, A+T %
H(53.7%)H BT C+G & (46.4%), F-Imtt
ZH/E RN 16, BEZHESEHrRM,
=G 2R T ER AR R ER 2),
22 AEBEEZXRSW

SRTERET 8 B EARR LR Y P B 4y B (R
3)o ZER IR, —Hefn 4 Fp L% Y [E] (Hap1~Hap4)
(9431 B H AT 0.001~0.002, BRAE =Hefafly 3 fhep
£ % [8] (Hap5~Hap7) 1) 4315 B LA 0.001~0.002,
I 9 o = e [1] 79 4 s 35 U3 5] 0.035~0.038; B
B =Yoo B AR ER B =B sy BN 0.013~
0.014, —Hefa il H ARLRE =ik, Hh
0.040~0.043 . M HLAH B [E] Y 43 FT DL, T E
GOFER R M H AR R ARG LR
I, 2N = e figk 2 = defn, FE N =M
FIH AR R = Hfa,

Hap_1 CTTTCTTCTCCTTTACAGGTACCGAGCCCGTAAATAACCGCTGACGTCTACACGATTCAGAATTTTTCACTATACTTTAGTCATGTACCGCGCCTCGGC
Hap_2 CTTTCTTCTCCTTTACAGGTACCGAGCCCGTGAATAACCGCTGACGTCTACACGATTCAGAATTTTTCACTATACTTTAGTCATGTACCGCGCCTCGGC
Hap_3 CTTTCCTCTCCTTTACAGGTACCGAGCCCGTAAATAACCGCTGACGTCTACACGATTCAGAATTTTTCACTATACTTTAGTCATGTACCGCGCCTCGGC
Hap_4 CTTTCTTCTCCTTTACAAGTACCGAGCCCGTAAATAACCGCTGACGTCTACACGATTCAGAATTTTTCACTATACTTTAGTCATGTACCGCGCCTCGGC
Hap_5 CTTTCTTTTCTCTCATGGACATTGGGCCTAAGAACAACCAATGACATCCTTATGATCCAGAATTTTTTGCTGTACCCTGGCCATGCACCATACCTCGAC
Hap 6 CTTTCTTTTCTCTCATGGACATTGGGCCTAAGAACAACCAATGACATCCTTATGATCCAGAATTTTTTGCTATACCCTGGCCATGCACCATACCTCGAC
Hap_7 CTTTCTTTTCTCTCATGGACATTGGGCCTGAGAACAACCAATGACATCCTTATGATCCGGAATTTTTTGCTGTACCCTGGCCATGCACCATACCTCGAC
Hap 8 CTTTCTTTTCTCTCGTGGACATTGGGCCTAAGGACGGCCGATGACATCCATATGGTCCGGAATTTCTTGCTATACTCTGGCCATGCGCCACACCTCGAT

K2 COIZEHTE=

BRAB AR AR B 8 b AR T

Fig. 2 Eight haplotypes of COI gene found in different populations of Tribolodon
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Fx1 COlEARSHBEFRE=REITEHAFTHNIH
Tab. 1 Distribution of eight haplotypes of COI genein
different populations of Tribolodon

_ I ; . HA R 2
o SO BRESH BB
e Rl . ; =
hablot Tribolodon Tribolodon  suspected .
aplotype brandtii hakonensis hybrid Tr|bolod0_n
hakonensis
Hapl 6
Hap2 12 1
Hap3 2 1
Hap4 1
Hap5 17 8
Hap6 1
Hap7 1
Hap8 3
24 A4
BA R 21 19 10 3
total number
#z2 H®E

23 HE=HREMARSHLSH

WA AR 210 8 A5 5 E AR R —
Bt g B s R R SIS 0P, mEr e T =
Yot Jg 2 R AL OC R B (B 3). I 3 AT LA
F i, moFi gk R = Y fa (Hap5~Hap7) 5 £k & =
Heftipg 5 H(EU392224) e —ii, HARERE =
i (Hap8)-5 ¥k & — e fa b 77 B (EU392225, EU39-
2226)RAE— L, ¥ = Pl (Hap1~Hap4) M| 5
— Pt (BU392229) R N —3; oMW = e oy
SRR . AR SRS AR, T E g IR Y
TR S P SOk R St p oy B, = 5 R
W e R —3, KRR =g A kA
=Hfader B = Halil sl 3 N IEEE, Sk
BE PRI BENR] (19 -2 K2P L HE B I3 4 im .

ZREM=ZREFEINERSHLESY

Tab. 2 Genetic parametersin populations of Tribolodon hakonensis and Tribolodon brandtii

Wil species HABN  ZBMAAS PEBHEHEH PERESHEMEH SEFREHEMEP FHETRZERKK
Triboliffl%’andtii 21 3 4 0.595 0.00107 0.684
Tribol%ii?(iensis 3 3 0.205 0.00005 0.316
*3 8N BEREIMFIE
Tab.3 The sequence divergence between eight haplotypes
Hapl Hap3 Hap4 Hap2 Hap8 Hap7 Hap5 Hap6
Hapl 0.002 0.002 0.001 0.017 0.015 0.015 0.015
Hap3 0.002 0.002 0.001 0.017 0.016 0.016 0.015
Hap4 0.002 0.002 0.001 0.018 0.016 0.016 0.015
Hap?2 0.001 0.001 0.001 0.017 0.015 0.015 0.015
Hap8 0.040 0.043 0.043 0.042 0.007 0.007 0.006
Hap7 0.036 0.038 0.038 0.037 0.014 0.002 0.002
Hap5 0.036 0.038 0.038 0.037 0.014 0.002 0.001
Hap6 0.035 0.037 0.037 0.036 0.013 0.003 0.001

W WAL T AR 4, X2 T & 1000 ¥ bootstrap 15 2 (1A R AYFREIR 22

Notes: The sequence divergence between haplotypes is below the diagonal; the corresponding standard error obtained by the 1000 bootstrap is

above the diagonal.

3 itig
31 ZFM=HREMNTHEX DK

T [ P A = et i JE 24 R Rk —
FEA L RIEINERIE SRR, A7 Loz 1 R
43 W e A JE (Leuciscus), A7 8625 U R4 =
He £t J&@ (Tribolodon) ), Tiij Hfr [ 2% 3 s . ¥y 2% (2]

W5 00 T EA T Al L A R R 8 B
%0 JE A = M fa 8 1 S I RRAE, EERTIE = fa g
sy =g HEMASTAEYENERE, B
W AMEE o 91R FH RAPD . mtDNA FIJE R bRIC 2>
WT=hEaMERES N ARGELEET LR, AN
T AETEAE R WL R oAk, RS0 R g
AR g A By 12T



4 1) W AR SN = B RN R AR G R K1) 4 SR TR 815
68 |Hap 5
51 | |3k B =B J5Fb Tribolodon hakonensis isolate Vkk EU392224.1
97 Hap 7
100 Hap 6

BRE =Pl 5 FP Tribolodon hakonensis isolate SF EU392226.1

50 99 Hap 8
96 | Bk B =it i Fh Tribolodon hakonensis isolate 4F EU392225.1

BEM AR =34 Tribolodon sachalinen EU392231.1
100 [ BEMAK =34 Tribolodon sachalinen EU392232.1

¥Lfi Ctenopharyngodon idellus NC_010288.1

=t Tribolodon nakamurai EU392230.1
Hap 3
96
Hap 1
98
=l Tribolodon brandtii EU392229.1
45
Hap 4
Hap 2
P
0.020

K3 =kt e COL B A% R R 5 & & #E Ak NI A
T BT R 1000 E E B bootstrap B ELE R, AR RACER T 514317
Fig. 3 Neighbour-joining tree of COI gene in genus Tribolodon
Bootstrap values in 1000 replications are shown on branches; the scale bar represents the sequence divergence.
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Tab.4 Mean genetic distance between and within each groupsin Tribolodon

JEHE W] - Y938 fZ B mean distance between groups

T A SF- 247 5 % B

FEHE group TR =St R PRI =By A mean distance within group
southern form of T. hakonensis northern form of T. hakonensis
P AL = Y fa g A 0.002
southern form of T. hakonensis '
YRE =y 0.023 0.005
northern form of T. hakonensis ' '
=t T. brandtii 0.06 0.067 0.002
S s R BB AU AR FE AN ] AR A 2R %%LﬁTﬂﬁ,ﬁ HeAn () B g S 433 02 LR A

BEAR MR, 40 T. sachalinensis 1 T. nakamurai
SRR R, BRR = Hefn b gy RO R, = et
FNER AL = B e pig 5 20 g 05 7= g R e >
U, JEREY AR . b R ST R RS G
RIS T E N AR e, (A E =
Yot i o a2, AHE ™ B9 A AT U, 3X
FE— EFE B R T X A R G g,
JU AR T E R 4 LS R W b (AR R H
ARV Z R, FERE R AT, malREL. AH
WIS, EAMEE RGEMMNIESE . [F T

HEM . FIER KL, JA S ER S Wi X
%Ezﬂﬁmﬁﬂﬁéﬂﬁﬁ%nﬁwﬂﬁw
M SCRR R 8, v B 2 25y = e g i H AR
Vg AR AV 22 A9k 25 7 v v DX T 381) v 0] X By
(412, DRI TT SN, 00T 3 v 2 ST 7 i Y =
Hedn 0 A ER A = B fl g 5 B = Hefa
3.2 %E=ﬂﬁﬁﬁ@m1ﬁ

— 5 E SNk R =P )78 R kB,
%E ﬂﬁ%aﬁﬁE*&ﬁXmAﬁWAKH
M) 5332, IV BR A =P 5k R = Pl g oy il
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BIE—il, HARBRRE =i 5ER 2 =il #l
BB 3), X5 E1H LI it 2 A
1 P, ABFIEHE—2 W orF A BEIESE T
Do R R S SRR =gy B, COl
S N W Rl S e A S N, B TR
TE b [ a8 44728 S5 1 3 Rl Y A s 1 A SR 19
ANFVAEYZEREZIE A RS AR R 22 5, b
O B 1 T AR MR B R e e PO
ERFEAFEERY], KIS PF N COL R 1y )7 5
AT 1%~2%0, Hi3 4 AT LURE H, BRAL =ik
g RN 7 BURP N B R B B NF 1%, 1
MR KT 2%, BHXHAEHC T
B o1k, RBERCA Rl —AFh, 456 EAbEE
TEIEAS . A% BRI 2 45 4 22 S5 P e 25 31, %
Bk =Pt pg 5 AR E T RS043RS A ROR R
A Y

R S e R WA H A Tz,
M HASKAEE SR, HIRKFEE . W= 5P
b R AR R Fh L 2% Semina 2511 )
mtDNA (1) 4 N FE K - Bogs i & B8k A e vt 5 582
U I i RO BR B = A FDk B H AR TR A O BR 2
=P E B B Sk, I S A 7E R O —
A IER = Hfn e — B RT; BEJR, Brykov 2517
Oy BT T N R BR R = et R, Rl T
HBE PR B AT AE 3 N LRI IATRE R A B.C, H
HiE R AR B o ffedb X, i & C ey
WrimitE X, I, Polyakova ZEPYBFIT &, BRAE
S et R R A KR I A 2 A A,
AT BE R BR A =B fn b oy B = B fn s b 4
b LKA DNA SR B1L, I Brykov
SEDVRA SO e 45 SR T LI, BRE =Skt
FEA A O LR R R, 5 = fn ek
B =Hetadb oy B0 B W a4k, IR R S H Bk
B = Hefr g )y RUR] g R Bk R = et by R = B
111 4 2T LA o
33 SHREBEBXTHWHTERMBRER

BRI R R, =Hmz s &k ERa,
AL HARZ AN T 2538 BY ) [ 2 25 2 = gk
o P PR B A B B . BAR R HIA A A
GO R B, (EAR B8 [ R X = e g fa 3514 4y

Mo A GO A, MR E A R AR =
fapg Jy RURD = Hefa o SR, 7ESEPRORAE R RE P A&
PR, A7 S A R G U AE AN B R, )RR,
B HAR I BEIA M, ARIEAWTFE mtDNA
RIS R, A 8 DRI Fh 5Bk R =t pg
7 R R R — B (Haps, £ 1), A 2 MMk
5 = et i BAf% M — S (Hap2, Hap3), M IE &R
ZAE P HE R T BEMEERAT o A RAN mtDNA 2 HER
BRI R, MEFERERA S M T AR ICHR
R, 10 DEERIAASHF A 2 DR SR A5
FrEAE (5 = o PR R Hap2 Mg o AU ER B2 = Hefa
Hap5 —EU 2 M) (P FR), =t 238 i
(7= A= B T T e

N T 348 B A A B4 T AL 377 K A A B A ol
B UR  0A S5C t. HELAA 2006 AEAR
KA AEPEIR SR P AT NE ) Lok, KIFFRK
AEYIRTEBORAT S, PR T RIFMAES . &7
ikt 8% as . (HIGFEAORAT SR 2028 2T
T, BZ RGEEMEIFEIE S, BRI E H
PE BB 2E DAL TAE 0™ B ey, SRR S R
BN . A G . A TR 44 A () H
BN, = ® Kk (Cyprinus (C.) Pellegrini)5 4t
K M5 J 22 O AE 2 = W B AR A R 2 R,
REAS R B 1 ISk M T A T 4 3 R Sk i
A2 0, A A B B R O T O R A
FERNEZ P, =Bt g it AE I 07 1 R
WAHIE,  HL0E 28 2 550 7 O = B fa AN [ B AR
T i B 18] 037 T AF AR AS 4R, R e N TR i
R 5y R AT A A R 1 R IR 2 . AR
O 28 & I3 A 8 R AR S 258 Py 7 B, X
X =Pt g o S B A B BT R R N T S G
HEWUA ORI 28 = Pt BB TR TR B, BT
A1ty 388 5 0 O 1 BT A% S A A B TS YL R
LRI Fh 5 B 22 R o
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Species classification and origin of Tribolodon in the Suifen River,
China
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Abstract: To further clarify the taxonomic status of Tribolodon species in the Suifen River in China, COI gene
sequences of 53 samples including Tribolodon hakonensis, T. brandtii, their suspected hybrids in Suifen River, and
T. hakonensis, which was collected from Japan, were compared and analyzed. Eight haplotypes were obtained with
an effective sequence length of 637 bp. Haplotype analysis showed that T. brandtii had four haplotypes, T. ha-
konensis had three haplotypes, whereas T. hakonensis collected from Japan had an independent haplotype. Al-
though the suspected hybrids shared two haplotypes with their parents, 80% individuals shared the same main
haplotype with T. hakonensis. Phylogenetic analysis using the neighbor-joining method based on the K2P model
showed that T. hakonensis clustered with the southern forms of T. hakonensis in the southern region of Russia (i.e.,
Primorsky krai), T. hakonensis from Japan clustered with northern forms of T. hakonensis in the northern region of
Russia (i.e. Sakhalin Island and Khabarovski krai), and T. brandtii clustered singly. Therefore, anadromous
spawning populations of Tribolodon species from the Japan Sea to the Suifen River actually are the southern forms
of T. hakonensis and T. brandtii, respectively. The average genetic distance between the southern and northern
forms of T. hakonensis was 0.023, conforming to the basis of segregation of COI between groups (>0.02). We
support the classification of the southern and northern forms of T. hakonensis into two effective species or sub-
species. Based on the results of the COI analysis, we speculate that hybrids of T. hakonensis and T. brandtii were
probably produced in nature or by artificial propagation, and therefore, suggestions were proposed on how to pro-
tect and utilize the fish germplasm resources rationally.
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