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FOEE: BT gk 43 i X B 7 41 At T2 AR ic EL R Ze Uk AN % ek (Brachymystax tsinlingensis Li)s B IEIT
IR IS A 3% e (Brachymystax lenok Pallas) FH4H W) 40 8% 6 (Brachymystax tumensis Mori) 53 F 8 2 7, N
TEIE F o R, R I FUuEdE . 45 R R (DI H217 M AR HImtDNA D-loop X 741, 3L3Rk45345/ %
A, SRBF R oL B Y BT B R A R 1) R R AR R AN SR BT SR QBT 4R
ZAVERL R B A% 0 A 25 SR AR I, Ze U A ek 55 ) St W 4 i fick 2 () PR 358 4% B B 35 KT S W) 440 Bk e A 5 )
Mfktck 2 1) (RDB AL BE 5 (3)2E T 4R bR D-loop A1 22 A5 PEG T A7 B HE (K038 4% 2 fb R B (Fgp) Bz 7 10,25,
RO AN FER AL S A FR A . X Le g SR, ZR 0% 4 ik b5 [ Jlps VR Sl At i i 22 ()38t 4% 2 A AR E
11, 56 TR I 2 0 A ik i 5 P VT A il ek SR B R RS AR 9 45 SR R e AT 2 TR b 2 e A
IR, B TR0 H 78 2 W Al Sl A ST ), 81 A Brachymystax tsinlingensis LUNTL T 4. R, i UCK 2204

AR (ST BT HEAT DR, T8 S N D 51 P B2 S S5 DR 3R A AR 5T SRR AR

REIR: A iR EhlX; R EARD, RISANGHE; JWANE; BE) Ao
MEHS: 1000-3207(2023)05-0809-10

FESES: 59324 SCHERFRIZES: A
Za W 41 ik i (Brachymystax tsinlingensis Li,
1966) 7= B 1L X e + 35 2K, SR JE T ¥ H Sal-
moniforms. #:F}Salmonidae, 3= 434+ [k vh B
Tl V7KL A Sk RO R AR L X L H
TR RTE K SR T, At Jm f 2R 5 DY 20 vk
H AL R RS s R, 201H 40904 AR R BT AR W U
BB AN [ 5K 11 S B AR s 4 3,
DRy Tk G ) R A PRSI R 0 AT e | Y, 0 L
FE R B2 IR CR AT AL 2 ARV 5T T b B
SRTTT, [ 19644F Z I 200 ks ik 3 iz B0 LK™, Ho 9y
KM — BEIEZ U, A AR AN ARG HLIX
YT itk S — N TR R AR, A5 5 T AT A T AR
ST X (K4 B. lenok lenok (Pallas,1773) %
5O VU] 5T 5 2 U T i B STV b A, DA A 2 5
fif B 7 IR E A AEAE WA AT, U — A Fh
AR, o3 A T B VLI M AN s Sk AR VIR T 4 22

ks B HA: 2022-10-12; 1817 HHEA: 2022-12-05

S ONEEV AN 58 (B. tumensis Mori, 1930)F1421)
Y% (B. lenok Pallas, 1773) ANF" "), 3Ei0
SR 2 U R Bl i T A5 AT B e T e gt (0
WA 2\ N 28 U8 g ik fi: 1) e T S AR IE 5 2R W)
AR Ak R ) A S A 2 T A R Rl e
A SEAFR I T 2R g e g 43 2
AL ASBH B, SAFh i IR R A A SR HE 5T
T J e AR B ) e AR SR AR AN, 451 i 2 3541
TE 58 5 Z2 I 40 % A 5 ORI 7818 ST, SR T5CR IR
T 4418 R W 4 Sk Kb Hohy T 5 44 ; 4k i 15 Hb 3o,
SRR R R 22K S AS B T AE AR i A S . &0
MR BL, BRSOk 3 ZUR A2 . AEAKIF
B0 50T BT e RIS A w2 SR M7, B R E
S H VU A KD 1Y) 2 ik B AR 2 1 24 B i 114 ) 25
5 18E Z FEE, = R 1 F B LU R 08 20 %
fick 5 LI T YL o A4 6 B 8t 2 S AT PR 1) 23 U 4
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gtk 7 ST IARGE, T DA FR 7 e SC 2 LT L 4
X

A RGEAT ORI 7 A I BAL S5, R
MARGKE . ENTERE . AV AR
PRI 0 o WA 2R U AR R B (1) 73 SRt (67 A
S A R 10308 A A A R DR AR ot B B
TFRAIH BT EE . AT DLV IS 2 I 41 % ek 73 5%
MO 10 13 S 4 O AR R, SRR Bk P 0 e [X A 2R
JELT RIS AN B e B 2 b R A B A1 R, 255
LR P2 1) X P 5104 S R T2 7 T UL R
Uy 240 it e 1 2 JH AT Sl 2 0 ek ) 28 4 72 5, DASYI N
WA S 0 SIS T W 200 e e Jo 5 9 DR 37 9 A1 L SR
B S S

1 #RERZE

1.1 KM

7 A ek RE A T 2014—20174F % [ Z204 3
X B 75 ) 2 B 3 K B 1 SRR RV K], PRV
S35 ) W R 5 5 BV, AR A A B 3 o3 A A
FOWIES S . M6 R BE A S A PRt ™ ke s
K53 A W 240 ik i | v 4 ik ik R 2% U ) £ fe —
MR REFARGEEE N7, TRAF T95%IP9 4
o, T HREUE R 4IDNA .. BEASE B RS B
1,
1.2 EFEDNARKZHRI{AD-loop X Hy4 1

K FH 2R - S 0 72 ML) R B B2 (R ZHDNA
1% B i W % Ji L vk B Tl 2 A% R 49 BT S A U
DNAR RS AU EE . FH i} 1 2EmtDNA D-loop
DX 38 F 51 LA H 19 B A D -1oop /5 %1 (F5 -
AGAGCGCCGGTGTTGTAATC-3'; R5'-GCTAG
CGGGACTTTCTAGGGTC-3"), PCRY" 4 [z N Ak %
(50 uL), H:A Tag MasterMix 25 pL, #4HDNA 1 uL,
51#)%1 uL, MddH,0%50 uL. PCRY HFEF M:
94°C #ii48 M:4min; 94°CAEME30s, 55°CiE k30s, 72°C
#1455, 38 NMEFF; 72°CIEH8min. PCR F=¥4

1% B JI W A e HL Sk RGN, S5 I b 2% H 37 BT B — 11
PCR= AT Sl Ak [m1 U 5 2% B ol 4 i ds E R B
A PR 2 J HEAT XA o
1.3 MFZRE RiEE SR

JE 45 8 4 P AT AL IE &, Al Clustalx
v.1.83" kT 2 EF AL . FIFIMEGAG "4 47
BB I 2 A, /R L, B 205 A S B A
SA7 S% . FIDnaSP v.5. 100 B AR LKL 24
BEsS 8. PRSI RETE . R 2 AR PEIR S,
5 B4 (8] T S5 4% IR 22 S B IR 2 AR P S5 FR
FEXT 2 R o0 A0 R B G ) S IR (8] 22 (R AL (N ) BEAT
T

DI BT Bk Hucho bleekeri (GenBank No.
HM804473) 1 £ ¥§¥T B H. hucho (GenBank No.
KM588351) A 4MEE, FIFIMEGA6” 42 it [rIML 5 K
USRIERI R Gk AL A, FE3E4T10007KBootstrap &
fER .

HFTMEGAG6[HKimura’s 2-paramenterfb i {1
S ST 1) T S A8 PR BS, 9@ i Arlequin v. 3.5
SR = A A ik e SRR 1) 38 A% o0 I R (Fgr) R 2> T
Z T (AMOVA), #47 1000 E HE f5 1 2 3 4
K56 -
14 WIDEEMSiFEESS|IHRAEFRIE. PCRY 1
BMIDENE

AHIE T XF 864Nk TR A s BEAT 1 ik, BE AL
H20 R AEAS 1) 2L R ALDNA AR, T ik 2 451
i DR . PCRY G B4R R M(12.5 pl): Reac-
tion Mix 6.2 uL, DNA Polymerase (2.5 U/uL) 0.3 uL,
LRSI 9%0.5 uL, #EARDNAO.5 pL, JiddH,0%k
£12.5 uL. PCREEFFA: 94°C W4 M 4min, 94°C A%
P30s. B KIRLFE30s. 72°C iEH145s, B H 38K
I, 8 J572°C 1L 8min.

WY 38R BN R R AR 14N 2 3
PERI TR AT AL, SR 7 ebric i PR E AR 2 4
PE(ER 2). PEARIC T PIIPCR S B A& 2 A 16 4%

R ZNESBEERREANERER

Tab.1 Samples information of three Brachymystax groups
Kk SRS s s FEA £ FEASGE ST RERT I
- : . Sample size Sample size for .
Group Location Longitude Latitude - . Sample time
for D-loop microsatellite
IR i I ¥57 Huma River 126°29E  51°42'N 32 32 2014.7
B. lenok 35 BTN B 134°39E  48°13N 8 8 2014.7
Zhuaji in Wusuli River
Sl 2 i ek 505 BITINS B 134°39E 48° 13N 18 18 2014.7
B. tumensis Zhuaji in Wusuli River
505 BT S B 134°39E  47°52'N 53 53 2017.6
Haiqing in Wusuli River
TR Bl i Heihe in Shaanxi ~ 107°49'E 33°50N 98 73 2014.10
B. tsinlingensis B P i 7K 107° 27'E 33° 44'N 8 8 2017.7

Xushui River in Shaanxi
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1R b, PR ZRFETE 2RV AR A R A
HEAT B Y0 FUK(ABI 3730XLINFEAX), LA FRLiz-
500(ABI) N Z R, f# F GeneMapper 4. 15411 H &
AN TR AL SRR 3G B B WA, FEX
TEHIR#ATYIL A,
1.5 WIEEFBERHEESH

iS5 LR S0 S5 R, FIH Popgene
v. 132 SR 1 84T S, B O 4 Ao 3 TR
(N, A BEELIE BN W2 B (H ) A
BB A B (H,). FHArlequin v.3.57 HE 47 1 it -
Ak A 5, FE 1T B e REU(Fl); 5 HCER-
VUS v.3.0.7" 8 £ 2545 B 48 (PIC). ffifIGE-
NETIX v.4.05. 2% 52 ik 1) = 4k PR 7 % i 43 7T (AFC
3D sur populations) 7Bt = /™ 41 figh fik A B 1] 1) 352 A%
KRAGHFEE .

2 £R

2.1 ZKIADNAD-loopX My 3745 R

D-loop X F 5 EF RIEfE LM T EN
I IL15 3]1008—1257 bpiIH BT BHKFE, )75
BE X S B 25 ik 2k M G 19 7 i 3L 45 31 £R 53 47 5
(Conserved sites) 9394, fii 2115 B A7 1544, AR R
frmi124> e AE 217D FAME T, JEAa T B)45
%24 (Haplotype, Hap), C._If£GenBank (MH885368-
MH885412) H: H1 Z2 I AR i feE ST 140 LA 284 (73531
JNHapl-14), JeW) 40 bkl 8143 7l JyHap15-22),
Bl A SR 234N (93 7 U Hap23-45; 3 3), =4
KRR E RGN, G0 2R IR 2
(Haplotype diversity, Hy)40.9405, “F24% H IR 7= 7+
#(Average number of nucleotide differences, k)N

F2 N STEUNMIEMKILEIR

Tab.2 Fourteen microsatellite loci and sequences of fluorescent tagged primers

4300 B & 55 PIAEIT ElEya 2] JEJ(/JIE&}E I_L#%j(d\/@
Group Locus Repeat motif Fluorescent label Sequence of Annealing Allele size
primers (5'—3") temperature (‘C)  range (bp)
1 BleTet5 (TGTC)s FAM CTTCTTCACCCGCCTGAGTGT 57 160—200
TTGAATGGGCTATCTGGCTGT
BleTet6 (CTGC), TAMRA AGACATCCGCTGCGAAAT 53 214—242
CAGGCATACAGTCAGACATACA
BleDi36 (CA) 4 HEX GCATATTATGGTCAGTGGGAGT 56 170—212
GTCCTGCTTACACATCAGACAA
BleTril9 (TAA)y FAM CGTTTGGTCTCTCTGCTCTTAT 56 264—312
TATATCGGTTCGCCCTTACTTA
2 BLTS (TG)yg FAM TCTTGAATGCCTACTACTAACC 53 76—112
GCTTTCATCTCATGCAACTG
BLT30 (TG4 TAMRA CTGCACACTCACACCTTCAT 58 243—271
CCTAACCGATGGCTGTCAC
BleDi39 (CA)CG(CA),5 FAM ATCACCTTCAAGCTCTCGTAAA 56 388—433
ATCATAAAAATTGCATCGCTCT
BleDi58 (TG), HEX CAGGTGATGGTTAGTGATTGTG 56 375—430
CTGACTGGTTAGGGTCAAGAAG
3 TLIO (GT)sATGA(GT)s FAM AGCCTACCTCTTCTGTCTAGTGAGG 63 180—284
ATGA(GT),GCGG(GA);5 TGTGCAAATAGTTCAAGAACAAAAG
BLTI4 (TG),, TAMRA CTACCAGGCGTCAGTGTT 57 194227
GCAGGAGTATTGGCTATCAG
BLT29 (CA);s HEX TGATACATATGAGGCAAGCA 58 179—201
GTCAGGTACCAGTCATAGTAT
4 BleTri08 (GAT);p FAM ACCTTGAGGGGAAGTAGAATGT 56 345—375
CTTAGGGCTCAGTGTCATCTTC
BLT28 (TG)sC(GT);5 FAM CACCCTACCAAGCACCAATAC 58 155—186
TGTCAGGTTGCTTATTCAGAGT
TL12  (AC),...(GT)TT(TG)s  HEX CTGCAGACTGGATCTTATCAGGAGC 63 201—291

GCATACAAGTACGCACGCCGA

F3 ETLRFD-loopHI = HMEAET A BHRE SH MR

Tab.3 Analysis of genetic diversity for the three Brachymystax groups based on mtDNA D-loop sequences

TIIRERATEL yems 2 bk g

F el wfpmyy  TRESTEREC oon mw Average number of |
G S bp) Haplot Haplotype Potvmornti loci i Nucleotide
roup equence (bp) Haplotypes diversity olymorphic loci ‘nucleotide diversity (P,)
differences (k)
Zr I o1 i e
B. lenok tsinlingensis 1008—1170 14 0.8221 24 5.290 0.00525
W2 i i
B lenok 10891253 8 0.7077 24 2.037 000187
W) 4 s
kil 1092—1257 23 0.9292 17 4.259 0.00390

B. tumensis
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15.3743.

BT A TR T B A e SR R A 2
P, &5 53 0H Bl v 20 % ek SR B e, 2R 04 AT ik ik
FAEE R, I W 2 ik ok R B AR, 4390 ©90.9292,
0.8221410.7077; “F¥ % 1R 22 7 B (b)) FIAZ IR %
FEVE T B (Py) 2 %5 04 20 i e B 10 e v, 20 ol oM
5.290F110.00525, 2 W) 4 figh ek S HE 1)~V S A% IR 722
T8 (k) FIAZ IR 2 PR M TR B Py AR, 0l
2.0374110.00187(5 3).

=N YR i ik IS B R N 2 [R] ()8 A% A S L
4, TSGR S BORTTRUIEA B AS EEE
(AR 4 ik ek R ) 21 il ek ) 22 T) 340 22 00 L 20 v ) 3t
PRI AL 434 2 - (GammaSt=0.57207 flGammaSt=
0.53694), 1M 4= W) 21 ik ek B vy 400 M fek =2 ) (%) 3y 3
AL 73 4k 2 7 B K (GammaSt=0.48123), KIS
Y1 gk ik 5 U A Bl ek |l 1 0 i B DR TR AT AR B
I HL R A% 4k, N B B3 AL A R
o =N RBEM N 18] 1 2 RN, B 7E0.1659—
0.8850, FfA /N T 11 B 2B 2 18] v BEANAF7E 5L [

D-loop X B Z R M) & R G it (L 1 T
454 HLAE T (D-loop X ) R4 1) B RALLSR AR (ML) 2 718
=Nk S 2y PR AN RO S R, R 4 ik
e S R R — AN S R, T 2 U 4T i B AR S ) 4
ik il — N KSR, H 3 04 20 ik SRS 0 AT S Wy 4 B
SR A B B 4 RN AL ) SR, SR AR
MHEAAR X 73X = AR 1),

P ERL 3 28 /0N P 245 BT (16T 2) T 6012 A () 4 B ik
RBE MW AfFAE L A Y, SR IA] B A5 B R
75 b R A AR5 22 O R B T (my), SR W 4 i ik
FBEM AT B Hap-20( 18 5 - H-20) -5 4l 0 4 i fi: 2%
T A AU H-30 2 (A8 — 20 5 A%, | I 2R
W)y 24 i i TR0 i 4 i i S O AN 2R BEAE B0 D o
A HE R AL . BT — FE 142 2R Wy 44 i ek SR (1)
PR B T (H-15F1H-16) 5 H-22, DA K A< 57 HiAth
ST 2 Al — R B st (1 2), XAy
1] B 5 9 W) 21 % R AR SR 5 AN [T 9%, GiH-
I5FIH-16 M FEA R B T 5 75 Loz B AI0GE B

PSR, TTH22 50435 28 [ 9 A4 U R 5 I 3 90T
KA KA M R PR S 0z . H-15F1H-16 5 &K
T HoAth B 5 RO oy 8 — 3%, B TR — AN
7 BL(97 bp) 5 R Wy R H A B Y 22 R AR, Hod
A 23 /> SNP i i 5 RIGKBE—F, 7 19 1> SNP
L 55 5 Bl SR — B, TR T A SR 28 ) 2% ] X 7
A B Y U B ZR U SR 5 W A 2 ), HE X
P AN B R TT e AR AR B Tl 52 TR S W A i fiek B 15 7Y

=R BRI EH REEEE
PR B 538 1 R B I 5 R B RIS Y i S
W T ik ek 2 1) ) 308 4% B 38 R st A% 2 Ak 2R 3000 il
~0.0375F10.75081; Z% U4 4T fi fick: 5 il ) 241 gk ek 2 (1]
73 11°0.0374510.66188; 2 W7 21 fi i 55405 7 241 gk
Z 1843 591 90.0273F10.36102; 2 B = />4 i ik 2 7
AR R Ak, HLZR IS R i i S5 2R mygn s it . i
W 2 5% ik 2 T) P B4 B B K 4 W) A ik ek RN B 1)
YR fee 2 [A] 845 BE B (R 5).

DT T7 AR T M (AMOVA) 25 B 5 7R S 1)
TR N66.57%, 1A HE PN FE A A (1) 48 54X
33.43%, = ANIRBEN [ B RE(Fsr){E40.66565
(P<0.001; % 6).

22 WIDEMRICHSITESR

ETHIEmRCHNERSHEEIHT &K
365 144 2 PRI R 05 R 3R A5 225N S JE I,
ZANRBERP IS R H (V) TE3.0714(F IS 4
g ek ) —7.1420(R My 4l g fik ). FHER 70150, =A%
b, BT 2 MR T B AL S AR U % A B
(H,) FUIHEE 2 & B (H )R IR 52, X 3 7 7E 41 fif ik
KB AAEREGTHREM TR, FRE BB
(DR AMRIL T BN E 2 FEVE I = IR, ZR08 40
figf fiek: S (1 TMEL(0.605 5) P ALK, 1T 2 W 4 ik ik 1 1)
Ytk ek S B B 5 =, 23 ) A2 1.0806 /11,0153, %
U 200 i ek . 2 ) 200 il B R A ) 0 gk e 1) ST 48930 38
BH(Fi5) 7 7150.36823 . 0.423227110.24285, 27
& A B (PIC) 4 71 °40.2919, 0.4399710.4334.

=ANMEEERBEMNREEMSTT ST
ZHT(AMOVA) S e BoR BBEM I 7> 7 2 57
57.13%, KEEN B9 T 2 57 15 14.04%, 1I8428.83%

F 4 BETFLRED-loopHI =B ST K RFENRE N LS H

Tab.4 Analysis of genetic differentiation among three Brachymystax groups based on mtDNA D-loop sequences

e KRR ERZHE PR EFRZERE BEESARE wEsoEsE o Rz ERER
Group 1 Group 2 H Ky Gy GammaSt Ny
F2 U4 i fik feck 20 1Y) 2P i i
f[:;?fy:s}ilingensis é\gr;(ﬂjfﬂ'i 0.79149 23.88892 0.10717 0.57207 0.1659
A 2 ik fik: w4 ik
?l;r;gil%;s};lingensis ZEE t%yfi%{: 0.86481 21.78289 0.06481 0.53694 0.2554
2 ) S fik ik w4 fid:
?ijgﬁfﬁd ?gﬁiﬁi’: 0.85052 14.09930 0.09034 0.48123 0.8850
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1) 72 5 2 FR R AR AR B AS TR A D) 1R 4 22 S 3 R
[11(F 6); EHER ST RN, %3 U4 2 i e SH AN D W) 44T
fie W 2 18] () Fgp FHEE % BB 55 29 3l 9 0.6 143 F0
3.6978, 2 I 2 fik ik S P R 4t ) 200 i ek S 2 ) )
For A8 A% I 2545 51 40.5992F13.8246, FypAlligift
FE B 5 /M H FILAE 2 Wy 240 il e 21 3 Rl g 4 g i
KHEZ 8], 53 )72 0.4606F11.4075, 1Z45 5 mtDNA
D-loop X 74T 45 SR 1k 35— 5.

BT 144 2 SRR R AL S BT 25 47 2 A
R, S = AN ek S S = AR = AN REER
WAL LK RIEAT IR . IR 3TN, AR bRdi1(Axe
1)F12(Axe 2)AEMS 58 45 X o0 = AN KBE, 154 40 il ikt
RSN KB AL R 1957.79%4142.21%. 1E
Axe 17K I, ZR 004 g1 ik ek 5 v () BT RE A 7
RAE—il, 5 BT 19 W 4 ik fi R ) 41
i fek BH 55 20 B . IR, 7 Axe 27K°F L, 2R W40 figh fick
Ay 4 i ek S K1) o A BN E & SRR
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main clades when Bootstrap values >90%

A Hap-30

001

Hap-22 v

AR R, 2T RN SR =gl bR E
P TR B X % R AL &5 TR, B ) 4 B S5
FEN A — e R e L.

3 iTig

= AMmEh e X REAIR R BHEME

ARG P = /N A e SR ) e L = A Y
H R U4 A e R Y SRS B 2 R E(H) UL TR 2
FEFE(P,) 53 71 /£0.82214110.00525; 2 4H ik fid: 43 5]
7£0.7077F10.00187; %l Wy 21 % fif: )] >4 0.9292 1
0.00390. Grantfl1Bowen" "W\ K4 H,>0.5 H.Pi>0.005
I, R & Z BRI B W EAE 2 FEE; ik
P<0.0058F, WISRIMARAZ TR 2 ¢ 5, PRI 2204 40
fife ik SRS A I T A R B A 2 RE I, v RE S AR AT
HH 2% U 1 i ek SR SR B 2 0 i A A 00 174 1 YR
JiA %, Shao%s " FIF L RADNA Cyt bEE BRI 1F A
ZR I T ALk (B AT 7K Z ANILTT K 28) 4 8 ik (1) 70 Ak,

31

AHap-44

92

ML

Hap-157

FE T ERLRD-loop X 4 1 ) = A AR ik SR (K REE M (ML), B AT SCRF3>90% 1) 32 ZE AL AL
Phylogenetic tree for three Brachymystax groups base on mtDNA D-loop sequences (ML), bootstrap values is displayed among
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Different symbols represent different groups; o represents outgroup; A represents B. tumensis (Hap23-45); /\ represents B. lenok (Hap15-

22); e represents B. lenok tsinlingensis (Hapl-14)
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red nodes (mv) indicate missing haplotype, B. tumensis (Hap23—45); B. lenok (Hap15—22); B. lenok tsinlingensis (Hapl1—14); the sizes of

circles are proportional to haplotype frequency
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BHRE D URRF(ET)SREERELD)

Tab. 5 Pairwise Fgr values (left bottom) and genetic distance
(upper right) among three Brachymystax groups based on mtDNA
D-loop and microsatellite loci

N 5 VK
BTIRE g AR g TR0
Molecular G B. lenok 232

roup 2 . :
marker tsinlingensis  B. lenok .
tumensis

D-loop[X  ZeU& 4H bt
mtDNA D- B. lenok
loop tsinlingensis
R4 i e
B. lenok
A 4
B. tumensis
MRERRD ZRI ANt
Microsatellite B. lenok
loci tsinlingensis
R4 i e
B. lenok
A 4
B. tumensis
T *P<0.001 fUFR 2= B B 2 **Bonferronit I J5 17 i 3%
Note: *P<0.001 means significant pairwise differences;
** represents significant differences after Bonferroni correction

0.0375 0.0374

0.75081* 0.0273

0.66188*  0.36102*

3.6978 3.8246

0.6143** 1.4075

0.5992**  0.4606**

A 1E1 210.2MY .

BT P RN AT 25 E B S EPIC)TH
FREUE, 7T R P s st A% 2 FEE I s k. —
M CNPICTH] 233N 42 #5 PIC<0.25, 3= BT #F 14

AR Z &M, 45 PICAE0.25—0.5, 3% B BEAA 1Y
ZAME R 23 HPIC>0.5, W B BER 5w
LAY, ARz 22 2 el e 25 (R PIC 90,2919,
2 W 0B ) 24 i B S5 I PIC 43 3 9 0.4399
0.4334, X3/ KRB IPICEUME #7E0.25—0.5, K1
LU G ke L 2 W 200 50 fiek AR A i 4 8 i RS 1) Bt
e 2 FEVEXI AL T BE 2 25K ISR SE W Bl 95 IR
TRIH A BER UL, 2 A AR — D PR AT 7
PR (0 e A2 22 0 2 i ek ), ) 38 3o 186 R 9 7 BE Bl
ISEES:= R0 LY AN e S U Lt X SN L S e s R (2
9N T TBCAE AR 1 5% A SR R 45 7 2k fa 153 % 22 B
Pt — D K
3.2 ERERRBEHEIEE S U R FIREEEYTHE
g

TR AL Ak R BU(F sp) RIS B () G8 A% P 25 ] g ke
TR B) AL 7 RS . HERIE, M Fgr<0.05HT, B
s E) i A% oy AR BE ARG M FgrfE0.05—0.15, JUJ
P IA] (R84 A AU R FE Bl TR 25K 2 FgrfE0.15—
0.25, Tt BB A [R] 1 388 4% 2 AL BE LU A o 24 Pl
I 0. 250, BEAAR ] AL A0 (L FE R e AR
56 3 T 2R R AR D-loop M 22 45 T il TR A 5 2 T 45
B F o #3215 10.25, & B3N 3 (] A A ey 1) 8t
o3k . T4 R Bt T 4 A ) s R A AL
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Tab. 6 Molecular variance (AMOVA) analysis for three Brachymystax groups based on mtDNA D-loop and microsatellite loci

. . . 2O 4N AR BT 4N 2R .
AR 5K iy ek PEAS S BRENE @ g
.. Variance Percentage of L P-value
Molecular marker Source of variation df Sum of squares CoLen Fixation index
components _ variation (%)
D-loop[X 2#¥[8 Among groups 2 5798.867 4275754 66.57 0.66565 0.0000*
mIDNAD-100P ey Within groups 214 4595.953 21.47642 33.43
1271 Total 216 10394.820 64.23396
R ARl 251 Among groups 2 946.142 3.80785 57.13 Fis=0.32745  0.00000*
Microsatellite loci Fgr=0.57128  0.00000*
Fi1=0.71167  0.00000*
R IR 1] 189 716.939 0.93573 14.04
Among individuals
within groups
FEA<PY Within individuals 192 369.00 1.92188 28.83
KT Total 383 2032.081 6.66545

i *P<0.001 AAFRE R KT H
Note: *P<0.001 means significant pairwise differences

x71 BT U4AETHENIDEMSRI3 M MEe XBMEE S
HMSIER

Tab. 7 Results of genetic diversity analysis based on fourteen
polymorphism microsatellite loci in three Brachymystax groups

‘ . K HEGroup
Dot pomen. FUSABOE s sy
locus s ysinlingensis l(?]vl:ezgic B. (%r:n; ;1 ; ls
(N=31)

N, 3.0714 7.1429 5.8571

N, 1.9389 3.0806 3.3276

1 0.6055 1.0806 1.0153

14 H, 0.2055 0.2679 0.3571

H, 0.3245 0.4619 0.4709

PIC 0.2919 0.4399 0.4334

Fis 0.36823 0.42322 0.24285

T S ALEEIEU(N,); A AL BRI HU(N,); B RS B3
(D); W %4 FE(H); WEE 2 A T (HL); %2 8145 B8 2 (PIC); ‘11
28 R H(Fis)

Note: N,. Observed number of alleles; N,. Effective number
of alleles; /. Shannon’s Information index; H,. observed heterozygosity;
He. Expected heterozygosity; PIC. polymorphism information
content; Fig. Fixation indices

IS KR, WiSerrano 250" F| FlmtDNA % H7 %
HEE. D121 ER NG 8)E(Characidium)
HKFEAR, RIBRC. zebrah 8]t 4% #5252 & T
0.02, LG RAKE T AT N L5 T AT
BEDWE=ZAC. zebrah BLEEAR TN — D Fh,
R C. alipioiR) 5y AWA PR . AHEFT 2k T 45
LA i) X T PR B A B B, S W 4 ik ik AR )
o figh ik 2 TR) ) AR 3 /N (0.0273), T 2 U 440 g ek 5 1
TR AL R S (43 30,0375 8110.03 74) 4K T I
CHZ RS EEE . D mEERET 10
22 A P TR AT R U L 2 ) A4 ik ek AR ) 4 B
fie: 19 388 % P 29809393, 345 9 1B A b R

CLIA K, AR R IR R S R W) R
(3.6978), 5 HliM T 135t 4% PE £9(3.8246) 1 K T4
W) 20 figk fiek A0 B ) AN i ek 2 [R) ) ST B a8t A% R B
(1.4075). BbAb, = A0k ek S 0 B R B 46
FI/INT 1, R B =S 20 TR A 25 DRt 52 3 FH
FEEY. DL_EAIE R 2 W ZR 0 4 8l 6 5 5 40 5 2 ) 4
b a] BE Eak Rl KT

S — LU B 7T A R PR S 4 95 fek AN R B A 1)
L4 Ak, 00 i 2 i L X 835 bp HID-
loop#B 4y P4 22 5, RELVE I, K Al X Ay
B TAT 1 X (10 200 5% i A7 7 o B A Ak, TE I AL
Y ko o 2 UV AL SRR 25 R H A R 0 o 5t e
i, LA598 bp mtDNAFE ] X 7 41 43 #7159 23> 5 4%
4, 5 GenBank 2 I8 V1 1 9 Wy 41 figh i 5 i v 4 ik e
BT LU, RGO 57N 25 U 20 5 ik PR B
— 37, SRR G e Y P4 B4 . XingZE”
Ik XoF 4 Bk i o AN [R) P S (9 T A4S 22 S EAT TE A Al IR
b, & X GenBank H 4R EECyt hJE R £ 4R, KB
RIGEER B RGRKEN L2 — NIRRT, 5
I W) 2 i Bk A8 B — > 73 3, AT R ZR 0 4R i i g
— AN RS R . DL SRR R R B L
ER, HRG K E WIS, 250t A A F .
i R P B R 1K) AT g R A S mtDN A A i) 356 K] 1 ]
— BRI Fr B AR S AR A R, B R —
B AT /INBEAS IR A 22 B 1 0 BT I A AR A AE D £
AT 5T H 2R R D-1oop X B K B K F-1000 bp, FE45
BRGS0 TR A RRIE 2 TR I 200 B AR AR 1)
S ES, TR BLAE EEINATm .

RE 75 IE B U0 R 52 S FouS T AR 2 REVE AR
POURNEE, R IEMEI YR, SR E R
KA ZE: B2 BRI ) Pk A 15 206 3R,
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Fig. 3 Three dimensional factorial correspondence analysis (3D-FCA) showing relationships among three Brachymystax groups based on

fourteen polymorphism microsatellite loci
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THE VALIDITY OF SPECIES OF BRACHYMYSTAX TSINLINGENSIS L1 BASED
ON MITOCHONDRIA CONTROL REGION AND MICROSATELLITE

XIONG Dong-Mei', MENG Yan-Xiao', ZHANG Xin-Miao', WANG Ji-Long’, FENG Guang-Peng’,
SHAO Jian' and WANG Li-Xin'

(1. Department of Fisheries Science, College of Animal Science and Technology, Northwest A & F University, Yangling 712100,
China; 2. Heilongjiang River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Harbin 150070, China; 3. East
China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200090, China; 4. College of Animal
Science, Guizhou University, Guiyang 550025, China)

Abstract: Qinling lenok (Brachymystax tsinlingensis Li), a national Class II aquatic protected animal, is in urgent need
of germplasm conservation due to the obvious decline of its wild population, however, since its subspecies was named
in 1966, the status of its subspecies/species has been controversial until now. The unclear classification status seriously
hinders the effective development of conservation work. Based on the mitochondrial control region gene sequence and
microsatellite markers, we compared the molecular genetic differences between Qinling lenok and Heilongjiang lenok
(Brachymystax lenok Pallas and Brachymystax tumensis Mori), to provide molecular evidence for clarifying the taxo-
nomic status of Qinling lenok. The results showed as follows: (1) A total of 45 haplotypes were obtained by amplified
mtDNA D-loop sequences of 217 samples, and no haplotypes were shared among above three groups. Phylogenetic tree
based on haplotypes showed that each of the three groups of lenok was an independent clade. (2) The results of genetic
differentiation based on 14 polymorphic loci showed that the genetic distance between Qinling lenok and B. lenok, Qin-
ling lenok and B. tumensis was greater than the value between B. lenok and B. tumensis. (3) The genetic differentiation
coefficient (Fgr) based on mitochondrial D-loop and polymorphic microsatellite loci analysis was higher than 0.25, in-
dicating a high degree of genetic differentiation among the three groups. In the present study, a high degree of genetic
differentiation among three groups were found. Combined with the previous results of obvious morphological differen-
tiation between Qinling lenok and Heilongjiang lenok, which published by our team and the status of geographical iso-
lation between Qinling and Heilongjiang rivers for a long time, we preliminarily determined that Qinling lenok is an in-
dependent species with Latin name Brachymystax tsinlingensis Li. It is suggested that Qinling lenok should be protec-
ted as an independent unit to avoid the destruction of germplasm resources caused by artificial introduction or hybridiza-
tion.

Key words: Mitochondria control region; Microsatellite marker; Brachymystax tsinlingensis Li; Brachymystax lenok
Pallas; Brachymystax tumensis Mori
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