EDKPERE 2025 £F 2 A, 32(2): 203-213

Journal of Fishery Sciences of China &t fﬂa ‘i/l} i

DOI: 10.12264/JFSC2024-0272

/R FTHT A SRR R B R MR R

+/ 2 1,2 N 1

XN, T

1. EIKFERATEFE B B e T K PEIF T BT, [ SR i00l B IR PR 858 0 S0 LI S 56 35, 4R b A s 30 B VT 3 el o [ % YR
IREERLF LI S5 v, BT WAJRTEE 150070;

2. KIEWFER¥AK =S 2R BE, 10T Ki#E 116023

TEE: dBEE(Brachymystax lenok) &8RS i i i fa 0 25, ASWFGTIE S ZORA Cyt b 5L H Fl D-loop 5 il X 751,
X5 IR 35 30000 4340 0 A0 S EA T RE R B AL S5 A B, LT SRR MR R SR SRR . SRR, & 4
AR 86 IMEEAY Cyt b (1063 bp)+D-loop (1089 bp)ik 4 )7 41 th 4Gl i 13 A5 A (Hapl-13), S5 ZHEM:4E
B(Hg) N 0.515, BATRRZHEMEIEEL(P) N 0.00040, BN BALM BRI L ZREMKT 50 F T 22 R 5T (AMOVA)
SR BEARR AL AR S Bk [ BN (99.51%), BERMEAYAE AL A 0.49%, 1540k K FIRAK(F=0.00491, P>0.05).
SR C A R S P S B B A, H R TS Tajima’s D (—2.022)F1 Fu’s F, {f(—9.530)1 K 17 (P<0.05), SSD F
Hir PS80 K 50 R 8 3 (P>0.05), I 7R &K 55 Jin] 20 S 6 080 28 107 7 b e ke g 5B, 30 RU™ stk i 1 0 D0 i34y
RIRZ(BSP)F Y st 7] & 2L 7EBE 4> 0.039 Ma. &R 75 il A4 S5 B R VT . iy | i Je ST 45 HLAth 3 3ok 1 40
S 7 A 0 (R B4 A Ak, AR L Py s Ak AR T AR 5 B EZ S -BT R 8 L3k LG Bl L 5 DU 2 vk D R TR 3§ L K S
S5 07 S b BT AT O . TSR AR, AR HTIAT ) 0 B Ak A R T LAAE S — AN 1Ak W 2 BT (BSU)HEA TR Y, BB A
PR B AR 7= 3 B BERE AR, AERRIT G G M, PRRR AR (] 0% 3 PR S AN 2 SRR E N T BRI B 0 3kt B
INEEIR BT, DA o AR B s A% Z AR, IF AR IR I sls | R, DAB 1R R 2% .
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Tt 3 Atk o e, ST R R 4N
itk 15 PR T A D FRRE (A7 A 0 AL ok,
[F]J& 2 IS Nt (B. 1 tsinlingensis)TEZIRHIIX 6
A b, SHBE A 1) BLA R0 e FETR W] i A Tl i
IR A RN, R0 g I i A e B A I
SEEZ R, SRALEE AR ] B AEY Y
R E R BT . REDRIPIX . N TR SE L
R BRI FHAE T ER At T S At Ll

1 55 B i) Ao B e AL Y TR 28 1L R R
2 T ] W — 3L A G UK 1 ] B P T A, 2 Ml i
KSR B+ A K Pt 2K, IR TR B
240 55 f: by 0 A V0 PRl A B PR U, AR W Rt Ak
FERAREREMMIE S BTOKFITTR . SkY
B BREETG YL . o B A A R R, R 5
HrInT 40 i 6 A A B Hb B Rk, AP TT R 2 B R
FaBE ARk, SeTFRBITIN Zid x )
S5 K S ) A0t e AR G A AR BIF T L U R, (R
B R 2K 55 S0 I] I Bl — e A 2 DX I ) 4 6t e

FEARBTFTAAIR BE =, Rl N T 80F o
BT S5 5 it VR S JHC A R 0 D A DR AP T A i ke />
BTN SO . APPSR LR R DNA 2y
BrdR, XRS5 $rin] 20 65 ff T Ji ist 4% 2 A
FE, EAE TR A 0 B0 A R AL A5, K
H AP R GERE A BRI D S B A, O AR Y Ok
B LR R A S B KA

1 MEEFE

1.1 HREE

2020 4F 10—11 H, T8RS e B
FI(HB) . W& (KN) . W5 H7 45 /R 55 1 (KL) A
WK FFIT (KY ) R A AR B AR A (8] 1, 3R 1), i
FH 2 BRI (R H A2 5~10 cm) | F44925 07 iR
At SR CFramtais ) Ve S g,
B/ 2% (W g IR ) A 24U T 0K S,
PREEAE-20 CHRIVKFETD R, RAEJE A4S n 48
figh ek IO U] 3

4901(;1, | T o E%)| legend
A EL g W T Y Ak sampling points
HB % * ’KN N — YA river
g ) © I city
5 W BRI
480" 1 ® WmEME * KL
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Sh i
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Fig. 1 Sampling location of Brachymystax lenok in the Irtysh River
x1 FURFEHTHESEREMSREAYE
Tab.1 Sampling location and sample number of Brachymystax lenok in the Irtysh River

BEYR population 455 sample code

2% longitude

ZGE latitude FEAKLE number of samples

ML Haba River HB 86°46'23"N 48°43'17"E 15
WA Kanasi River KN 87°1'56"N 48°47'8"E 28
S N

VLUK TR KL 88°40'10"N 47°58'53"E 14
Kalaeerqisi River

WEAK /R 45T Kayierte River KY 89°44'55"N 47°38'31"E 29
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1.2 DNAREL, PCRy HEE5NF

e 20, (i Ezup AExCEEE 4R &
(A T AR TR A B W) 42 156 B 45 42 B
DNA, i 1% BB UK XS DNA HEA s,
FET 4 CUKFEIRAE . Cyt b 345 W{di A L14321
(5-TCAACCAACCACAAAGACATTGGCAC-3") Fl
H15634 (5-TAGACTTCTGGGTGGCCAAAGAAT
CA-3'), D-loop ¥ #4531 ¥)5% /] LRBT-25 (5'-AGAGC
GCCGGTGTTGTAATC-3")l LRBT-1195 (5'-GCT
AGCGGGACTTTCTAGGGTC-3"), #57. PCR )
1A% 50 uL, 7% 2x San Taq PCR Mix ( b:if2E T4
Y TREBASATBRA D) 25 uL, G144 2 WL,
A DNA (50 ng/uL) 6 pL, #M78 ddH,0 % 50 pL.
fdi FHl ABI9700 % PCR Y4741 F ) Wi J5: 94 C
TAEPE 5 min; 94 CAEVE 30 s, 56 CiR:k 30 s,
72 ‘CHEAH 30 s, 35 NMEH, )i 72 CIEH 10 min,
RN EEH G, BUPCR F74) 4 uL 28 1%35E 8 F Uk K
AT, A T A TR B A5 PR wl gk
P, AT S 1Y 8519 .
1.3 RS

ffi ] Chromas 2.6.6 % {F Xt /¥ %], MEGA
11.0.13 B4 s 3L 41 i, DnaSP v6.12.03 {4
THEPHN AT AR S . GRS T A
(H). BITRZERE (k). BHREMNME@) . T
K56 (Tajima’s D K% . Fu’s Fy Kz5&), Arlequin 3.5
AR A AR IR 35t 4% 7 AR B (Fo) - MW 22705
F(the sum of squared differences, SSD) . HLAE R4
(harpending’s raggedness indices, Hir) A HAG 5 i
EME AR B R R EEDT 5K B E] (), MEGA
11.0.13 24315 Kimura-2-parameter (K-2-P)E:HY
RO AL ES o ff ] Popart1.7 44 A i A 1 )
#% ¥l (haplotype network), DnaSP v6.12.03 LT
45 TC i 28 (mismatch  distribution), #4777 P K
¥4+ Tajima’s D Fl Fu’s Fy{ii; %/ BEAST 2.7.4
B A4E1T BSPs (Bayesian skyline plots)s 7 4 #E
W 352 15 15 22 A SR K /) (effective sample size,
ESS)I1 JJ5 5 2h 75 A S (8] 35 I, 5 560 26 6 5
& U1 i 7 K PR 28 (coalescent extended Bayesian
skyline), ik HKY+G, 1450050 iE 2500 4 1Y
WA TP 8 5 Tracer 1.5 BRS04 BOBER K

AN i B A B R AT AR AR, T T A A Y o {d,
AR HBERY 3R A e=2ue 115, b ¢ APk
HACE, w MEEANHAETRRER, v HAK
u=2uk THEAR I, b g AT R A1 5
Rk O BRKE, R&HERAENELY K
BF ) 7 R 7 ot tH A ¢ 3 DA AR B ) (248 il ek g S
VR .

it FH R 55 09T 40 6 . D-loop J751(598 bp),
FH51 A% A i JE 2E i1 (GenBank No.AY230451 .
AY230452) . ] & 1] (GenBank No.AY230453~
AY230455) . My IT (GenBank No.AY230461 .
FJ713573)4 7K 22 U 3k A it fe: 1y [ U505 510, AT
#:(Hucho taimen)(GenBank No.AY230451){f Jy4h
KW ERGELEW . 570k MEGA 11.0.13
F MrModeltest 2 1138 5 AR 43 B (ML) A1 )L
W 0T #E B VL (BD) 1Y A% 1 IR O S A A Y,
raxmlGUI 2.0 W3 B BRI S, RIS
F AR RIS T 1000 YRIEACIEAT i KALLSR LAY
(ML); f#i | MrBayes 3.2.7 #:57. U1 -4 (BI), K
PP BE P B E NS, BTN 23107 R 2R
H figtree K f5 KARSR 53 BT (ML) F1 DL - 357 442 2 (BI)

2 ZERESW

21 EBEREFIREESEE

WY XS, SR ikt Cyt b H
KK 1063 bp & D-loop JF41 K J& A 1089 bp,
Bk G J5 /) Cyt b+D-loop JF 4 A 2152 bp.Cyt b
FEo v 28R S 05 5 A4S, SRR 5 SR
#1, D-loop JFHI R 2207 s 8k 8 A, AR
12 AN fERL, Cyt b+D-loop [HEESF S th 25547
FBCRH 154, R 13 s AL,

ot ek 45 FEAR Y D-loop J7 41 BAL£5 2 2 Kk
(Hg) M 0.446~0.505, 1% HRZE7E0(k)H 0.478~0.817,
K R ZREME(P) N 0.00044~0.00076; Cyt b JT-51)
AR ZREE(Hy) R 0.000~0.371, #%HFFRZE T8
(k)A 0.000~0.514, AR ZHEMP) N 0.00000~
0.00048, D-loop MY Z ALK E B i & T Cyt b,
Cyt b+D-loop k& 7 51 B A% B 2 #F P (Hy) B
0.446~0.625, #1112 75 (k)R 0.478~1.220, #%
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TR ZAEE(P) A 0.00022~0.00057 . Sk Hy
0.515, k >} 0.848, P; K 0.00040, FEI A5 R %

REVER G, A% T R 22 S BRI R 22 BEPE IR
ML (35 2).

®2 BRFEIMABEEL A DNA FIIMBEESHESH

Tab. 2 Genetic diversity indices of Brachymystax lenok in the Irtysh River

R eIk P LR ifa;%gﬁﬁ Wt 2% S8 (k) *%ﬁéf%#
sequence  population  polymorphic loci lrll;mll:ter zz i ’J(I-_Id) . nl?:lzz%gen(lilﬁzznocfes &2 fE' J(Pi) .
plotyp haplotype diversity nucleotide diversity
D-loop HB 2 3 0.457 0.495 0.00046
KN 4 4 0.505 0.817 0.00076
KL 6 4 0.473 0.505 0.00047
KY 2 3 0.446 0.478 0.00044
total 5 12 0.462 0.595 0.00055
Cytb HB 3 4 0.371 0.514 0.00048
KN 0 0 0.000 0.000 0.00000
KL 3 2 0.143 0.428 0.00040
KY 0 0 0.000 0.000 0.00000
total 4 5 0.091 0.161 0.00015
D-loop+ HB 5 5 0.562 1.010 0.00047
Cvtb KN 6 5 0.519 0.960 0.00045
KL 7 5 0.625 1.220 0.00057
KY 3 4 0.446 0.478 0.00022
total 15 13 0.515 0.848 0.00040

22 E=EEBERSWE

BN 5 4% B B (K-2-P) 7w (8 3), 4 D HEARIA]
FIEE B h 0.00033 (KN\KY)~0.00051 (HB\KL)Z
], SEXIME R 0.00043, & REARMEBAEIER /DN, %
GRR, ARIBHEMZES ., AMOVA 4
Brids (R 4), BFFRBED R EZoRARRN
(99.51%), BEARMIAYAE ALY 0.49%, mif& 431K
TR (Fy=0.00491, P>0.05), & BEUKRE IR B
RV R Br:d i f
23 RBEXEXER

AN fE 4 NEER Cyt b+D-loop BeA 751 HL 46
M 13 A~ PRAE R (Hap1-13), BAAE TR X 25 45 B i
wE 2), BER—EAREG S, A2 DA
(Hapl F1 Hap2) Ry (R pr sz, Horf Hapl 4%
T JE T W4 s, I B R A (B0 i L
67.44%), JFTE 4 DREART 2 0040, HESh £ 7
PRILA e R, %8 Hapl BG5S HLGY
BT 12 A% R (Hap2~13), 4 BAA 0 2 ] Y
KN 1~5 H . B Hap2 NSRRI A= ok, HiAth

11 AN ERAEBUSA Ry 4 R Bt Ay, L LR S0 A R A
fk(Hap6 HEL 2 4>, HAh 1 4), Hrf HB 45 3
A HAE AL (Hap3~5), KN £ 3 AL (Hap6~8),
KL A 3 DGR (Hap9~11), KY A 2 PEAfER
(Hap12~13), £ P50 H 28 %%, 4 AR
Kk PRI A FE RS Rk

fii ] D-loop FAEHI(HD1-12)F 51 Ak H it e
FEW] Wi BRI VTAE K R R Sk Y 20 i e 1 )
JE)F51(598 bp), LA K RIZR 73 Hr (ML) Rl DLt Hr
B (B AZ W B 1) e AR B A AL R (HK Y +G)
R G R B W, PR IE R AT — SR a5 i

F 3 FURSFHTIUABEEE Cyt b+D-loop FHIHY

K-2-P X} =& BB 5

Tab.3 Pairwise K-2-P distance of Cyt b+D-loop
sequences of Brachymystax lenok in the Irtysh River

BER population 1 2 3 4
1. 5 LA (HB) — — _ _
2. WEAHHA(KN) 0.00047 — — —
3. SRR FFWNM(KL)  0.00051  0.00035 — —
4. WEARIREH(KY) 0.00035  0.00033  0.00039 —
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R4 BMRFHAASEFENT TFERITAMOVA)
Tab.4 Analysis of molecular variance (AMOVA) of Brachymystax lenok in the Irtysh River
h2dl 75 S YR ElEE S SFJ5 A 5 H o /% [¥i] 7E 15 5
sequence source of variation dr variance component percentage of variation fixation index

D-loop+Cyt b BEARE] among populations 3 0.00208 0.49
BERPY within populations 82 0.42255 99.51

BT total 85 0.42464 100 Fy=0.00491

Hap 10

T0EEAR RN

10 samples

()

IR RN

1 sample

K2 EURFEHT A EE Cyt b+D-loop [T 411
FAE R 2% K]
Fig. 2 Haplotype network of the Cyt b+D-loop sequences
of Brachymystax lenok in the Irtysh River
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HD 7

HD 10
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HD 5
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HD 11
AY230454
AY230455

FJ713573
AY230453
AY230461

AY230451

AY230452

MK258080 | ¥ % #: Hucho taimen

(# 3). RGERBEW IR, HURFTH A 4 R
RS RI(HD1-12) Z [AIAH 528 U, IF AR SR
HH BH S AR 3R O — 32 (Cyt b B R AHTFN Y
S50 Xt ARSI, e g | i, B
1L 4 ZK RN LR SRASOCR, S5 R os bl oy
TR 2 A0 3, Her, BURFEII R —AN K53 32,
P VT ) T A 2R E S e ZE A R IE S A
—ANRESE, BaRHX 3 AKRBA RS RTE
EGRAEFEES A 0.0028~0.0033), TR /R 5%
IR R B GRIGIE B A 0.0085~0.01186),
H AR S 5 T2 ZE T 35 A5 E B AT (0.0085),
R ITHE(0.01186),
24 FThEEHEBZHE

FLF Cyt b+D-loop JT-51) 1t 40 i ek 415 1 43 A 1l
L BoR (& 4), By KL 28 Z 80556, HB,

g (BURSTIIN)
Brachymystax lenok (Irtysh River)

YRBEEE (B, RREIT)
Brachymystax lenok
(Lena, Heilongjiang River)

AR (M2 FE)
Brachymystax lenok (Yenisei River)

B3 3T D-loop JFA M LM A K RISR R Gk B
R T PR AR 0 DU S SRR (e ) A R ARUSA SCRFECE).
Fig. 3 Bl and ML phylogenetic trees based on the D-loop sequences
The nodes show the BI posterior probability (left) and ML support values (right).
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KN, KY DL SRS R B 3 A, KY FLE AR H
PERE B Tajima’s D L S HB FLEMAR) Fu’s Fy {H 4
N E W HUE(P<0.05), FEECI K5 R, HB
KL LSRN SSD LI K i3 BEAA & Sk Hir 2
BOKG B0 P YA 38 (P>0.05), s T 406k 2 A
FEDT bR R AR RO . B L SR A
i) TR AR EEY 5Kk & AL FEHE 4 0.039 Ma (36 5); 7¢
DU R BRk I (BSP) (T 5), TRLL (A Lk KR
FREERUBL Y 5, AL IX RN 95%I) 5 30 % B
(HPD)B 7, FhHEY 5K &A= 1EFE 4> 0.040 Ma,

x5

5532 %
3 itig
3.1 EESHEMERSK

18t 1% 22 F 1 e A% S Ly P sl G R A X A 45
()35 N RE T, XTI R AR A B
SSRGS, Y Pi<0.005 R R A58
{2 REME KL, R 55 r i 4 ek R 1Y Cyt
b F1 D-loop JFHIM P; AKX 0.00015 F1
0.00055), 7B L A JE PR i W H: 22 R PR oK P 8%
i [FIRF, D-loop ¥4 4 Hy (0.462)F1 Py ik T

R FFHT A 85 EE R Tajima’s D, Fu’s F, F$EEL 2 0 4 06 K 37 5K A i)

Tab.5 Tajima’s D, Fu’s F;, mismatch distribution parameter estimations and
expansion time of Brachymystax lenok in the Irtysh River

\ K SRS R
e neutrality test mismatch distribution parameter estimations
population
Tajima’s D Fu’s F| SSD P Hir P T T
HB —-1.159 -1.500" 0.004072 0.72 0.063129 0.88 0.255 0.016
KN -1.095 —0.813 0.004961 0.02 0.202675 0.77 0.376 0.023
KL —-1.645 -1.136 0.017241 0.84 0.061949 0.90 - -
KY -0.890" —-1.341 0.009359 0.00 0.18445 0.47 0.500 0.031
SR total —-2.022" -3.139" 0.0039 0.66 0.063129 0.86 0.625 0.039
T RN S IL B B E K (P<0.05), “— 3R L.
Note: * indicates the parameter value reaches significant level at P<0.05, “—” indicates no data.
08 061 b 04 r
: WLB{E observed TR {& observed ¢ WLMIAE observed
> 0.6 —— THAE expected > 0.5 FshI expected %03 | —— TIE expected
= s 04 g
Q Q Q
3 3 ES
g N o L g ||
& 0.4 2 0.3 & 0.2
M ¥ 02p N
K 02 = K 01f
0.1
O L L L O L L 1 1 0 L L 1 L
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20 25
JEXT 25 R pairwise differences JEXT 25 pairwise differences JEXT 25 R pairwise differences
08 4 SRME observed 0.6 ¢ NEIAE observed
—— T expected 05F —— WUH{E expected
& 0.6 f: oy
g § 040
g g
& 04 [T d: 0.3 T
¥ M 02
K021 g
0.1n
0 1 1 1 0 L 1 1
0 5 10 15 20 0 5 10 15 20

B 5 pairwise differences

75 R pairwise differences

B 4 BURSTH A BEEE Cyt b+D-loop J7 41 1 LI N0 HH 45 B ith 26 53 77
a. ML b, WEANHTI. o, WRFUAURFFHNR. d. WERRRHI. e, SUA.
Fig. 4 Observed and expected mismatch distribution curves of the Cyt b +

D-loop sequences of Brachymystax lenok in the Irtysh River
a. HB. b. KN. c. KL. d. KY. e. Total.
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le-1 ¢

S le2 f

.maf\\\\\\\\\\‘N\\

oL ¢k AN
effective population size

0 0.01 0.02 0.03 0.04
fit[A]/Ma time

F 5 HURFFHT 4t Cyt b+D-loop F#41 1HY

D H R BRI (BSP)

Fig. 5 Bayesian skyline plot (BSP) of the Cyt b+D-loop
sequences of Brachymystax lenok in the Irtysh River

PR VTP A 8t (43 51 R 0.7077 F1 0.00187), LA K&
Z A 1l [X %) 2% U4 41 1 e (0.82211 A1 0.00525) Fl L% 5
FELYT (4 W) 4 6 6 (0.9292 1 0.0039)2%), Cyt b Kt
A Hy (0.091) 1 Pt B it /N T 25 04 41 gl fe (F, 4
0.257~0.515, P; & 0.00013~0.0052 1), %5 /K 55 4r
TR 20 i fi 35t 1 2 REMEAKCOTAIR, R R LA
SN, HILER) A5 R (Hapl F1 Hap2) Rk, 7=
A T B ARRNPY, HA AR  A H R
TR, X IR IS N BE 155 o

Bk PE 2R e A . R AT
B B A 1 I IR A ¥4 K SR 8 P22 s T AT
TS HARE S, XA 25 3T PR 5 B B A a)
) 5 TR A2, (AN [ B X () 77 A 38 4% 3 Ak
(24231 B0 R 441 g ek 0 JP R M 2 M O B 10 ) 1
{HHT ShRE 1 AT e B AR BRYT, FE Sty
() A A% Tl AR B e A7 7E 2 AR, TETRER N
T R S T B B A AR O, A v A T
U (2 ) 5 R R VT A b i (3 ) K B
24 2100 km, 2 PHBERREALE A 2 1L oAk,
] R B B LA T RS, 25 04 AN e e
TR B4 40 AT S SRy Je B U 1 0 R i R B A
FRAE, 165 7~ PR KA 22 ) 7 35 PR 58 3 T vl B
2 —E B BRI AR 55 3r il 40 e 44 B A4 ]
JEBLH I E N AL oA, DL R i = 0 G A )
A% SRy, T BE SR AR 55 T IAT U Sk K SaRAH X 4 v HL
RIS, LW EL R R, Iz
ST U B AR AT, Ay A0 4 e ) A ORI T

S Bt T A RIS, H b B A A 2R R ]
HAHFEZ) 60 km, FEHLER /R S 37 TR AR JR 48]
TR B AR 2 50 km, PRI A0 85 7S ) AE X B
AT Z (1 B A T A A2 i o

FEVEARI T M IX, A 6l i 3= 253 A7 T %K 5%
B, mHJEZEN . B AR e VT AR, ik LK
AU PR e, HH YR Sk X3 % A 4R,
D-loop JFHIMRGE KB RFR R, BERHEE
VLK R Z A e S s ) | g 2 5
SRR IRV R 2 K R, YR 55 Hnin
BN A ST T WE I, R 55 3T T A il S A {4 2 B
H ST 1 AL S R AR, 5 HAN K R o1k
Ko S TR S5 Tl A A4 i i o B B 0 A
DX 3R ) Fe DU 2%, 00 5 — BPR AR AT RS2 K U Hb B
B B VR T 0y F AR EE SR, K0T b 28 e B PR ) 1
BR S5 ] 5 HA R B 2 P 28 i, AR i T H:
MR k. BRI, A T HERR S e LA D 72
SRRV, A 2K 55 ST 2 it e A A B 5 SR
FE R DX F A K S 0 Ak 2 3 FROT(ESU).
3.2 MBERBEIHE

Ty S b B PG AR I ST 1 DX 88 32 43 A 2 4 i
{EHR R R HL s s A s o AR a2 UK
FETTAL A T PG AR A 53 A5 DI R P 2%, % B
DA F18) 40 3 ek A 5 L At s BB K 22 ) G B S 0
B AE 414k, 33X — 0 B S AR A 3 S A1 A%
JRAR W] g 5 5% 2 08 - BT 7R 28 Lk ) ) 38 3 20 g s
AR fEEHHEARBERIEFHOR, ZH X T
B 1) 25 SR TR IS By, L IXCS P R 22 S
WO, WAL B AT i, B0 Bp = 4 i
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Population genetic diversity and historical dynamics of Brachymystax
lenok in the Irtysh River, China

PENG Wenjie" %, MA Bo'

1. Heilongjiang River Fisheries Research Institute, Chinese Academy of Fishery Sciences; National Fishery Resources
and Environment Fuyuan Observation Experimental Station; Heilongjiang River Basin Fishery Resources and
Environment Scientific Observation Experimental Station, Ministry of Agriculture and Rural Affairs, Harbin 150070,
China;

2. College of Fisheries and Life Science, Dalian Oceans University, Dalian 116023, China

Abstract: Brachymystax lenok (fine-scaled lenok) is a rare and endangered fish species found in the Irtysh River
basin. In this study, we utilized mitochondrial Cyt b gene and D-loop (control region) sequences to analyze the
population genetic structure of B. lenok in the Irtysh River, providing a theoretical basis for preserving its genetic
diversity. Results indicated that 13 haplotypes (Hap1-13) were detected in the combined sequences of Cyt b (1063
bp)+D-loop (1089 bp) across 86 samples from 4 populations. Among these, Hapl was centrally located in the
haplotype network and widely distributed across populations, suggesting it is the ancestral haplotype. The
haplotype diversity index (Hy) was 0.515, and the nucleotide diversity index (P;) was 0.00040, indicating a low
level of population genetic diversity. Analysis of molecular variance (AMOVA) revealed that the genetic variation
was primarily within populations (99.51%), with variation among populations accounting for only 0.49%,
indicating a low level of genetic differentiation (F,=0.00491, P>0.05) and no significant genetic differentiation
among populations. The mismatch distribution curve showed a unimodal distribution, and the neutral test of
Tajima’s D (—2.022) and Fu’s F (—9.530) were negative (P<0.05), and the test of SSD and Hir were not significant
(P>0.05), suggesting that the B. /enok population in the Irtysh River underwent a historical expansion. Bayesian
skyline plot (BSP) analysis indicated that the expansion occurred approximately 0.039 million years ago (Ma) and
that the Irtysh River populations exhibited significant genetic differentiation from populations in other basins,
such as the Heilongjiang (Amur River), Lena River, and Yenisei River, suggesting that the evolutionary history of
these populations may be related to historical geological events such as the Sayan-Altaic orogeny, the Quaternary
glaciation, and ancient hydrological changes in the Altai Mountains. We concluded that the B. lenok population in
the Irtysh River basin can be identified as a distinct evolutionarily significant unit (ESU). It is recommended to
effectively protect its natural spawning grounds and breeding populations, restore river connectivity to maintain
gene flow between populations, avoid small population breeding during artificial propagation to prevent genetic
drift and a reduction in genetic diversity, and prohibit the introduction of non-native stocks from other basins to
prevent genetic pollution.

Key words: Brachymystax lenok; Cyt b gene; D-loop region; genetic diversity; the Irtysh River
Corresponding author: MA Bo. E-mail: hsymabo@163.com
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