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Population genetic structure of Brachymystax lenok tsinlingensis as inferred from

mtDNA D-loop sequence
ZHANG Yanping, DU Yanyan, WANG Tai"*, HU Yongbiao, LOU Zhongyu, JIAO Wenlong

Gansu Key Laboratory of Cold Water Fishes Germplasm Resources and Genetics Breeding/Gansu Fishers Research Institute, Lanzhou 730030, China

Abstract; Brachymystax lenok tsinlingensis is one of an endemic fishes distributing in Qinling mountains scatteredly. Due to
environmental depravation and overfishing, its population size was sharply decreased. To establish a scientific basis to
conserve this species, studies on the population genetic structure and phylogeography are necessary. In this study, the
population genetic variations and phylogeographical patterns of 112 Brachymystax lenok tsinlingensis collected from six sites
of the Wei River basin were investigated. An 891bp control region partial sequence of mtDNA was amplified in each sample,
and 42 variable sites were detected, including 39 parsim-info sites and 3 singleton sites, with 26 haplotypes. The contents of
cytosine, thymine, adenine and guanine were 23.1%, 30.8%, 31.7%, and 14.5% , respectively. Total haplotype diversity
and nucleotide diversity were 0.883 and 0.00799, respectively. The genetic diversity of the Malu River population was the
highest among these six populations, while the population of Zhang River was the lowest with only one haplotype H2. Of the
26 haplotypes, H2 was detected in 35 samples (31% ) from 5 populations except the Malu River population. The result of
AMOVA showed that 39.95% molecular variation was among populations and 60.05% within populations. The pairwise
fixation index ( F,) revealed significant differences except between the Zhang River population and the Nabuda River

population. Phylogenetic tree with Hucho taimen as outgroup showed that three geographic populations from the middle reach
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of Wei River including 16 haplotypes formed a big branch, and the rest haplotypes formed several small branches. The
minimum spanning network for Brachymystax lenok tsinlingensis showed that the haplotypes of six geographical populations
formed two big groups: the upper reach group and the middle reach group of the Wei River. The haplotype H2 was inner
branch haplotype, it tend to be more widely as the ancestors haplotype, thus Brachymystax lenok tsinlingensis may have
originated in the haplotype H2. Mismatch distribution analysis map showed a peak type, and Tajima’s D value (—-0.18715)
of neutrality test is negative, but no significant difference, which indicates that Brachymystax lenok tsinlingensis in this
research hadn't experience population expansion. Maybe due to climate change, the remaining individuals do not adapt to
the living environment, the population don’t carry out expansion. The haplotype H2 derives to the other haplotype in the
different environmental, Wei River was cut off by a large number of water-shore projects, the migratory route is blocked, it
was distributed with dots along the Wei River basin, lacked gene exchange between among populations. Due to the low level

of genetic variation of three populations in the Wei River upper reach, more attentions should be paid to protect

Brachymystax lenok tsinlingensis as a whole population.

Key Words: Brachymystax lenok tsinlingensis; mtDNA D-loop; genetic structure; population expansion

Z WA 41 5 8 ( Brachymystax lenok tsinlingensis ) J&
T H (Salmoniformes ) 5} ( Salmonidae ) 4 3 fi:
J& ( Brachymystax ) , 3% B F A Fl, 22 7R 08I0
JEE AT AT B A R S R, S — il s B 94 K £
AU T R SE E IR, A 1938 AR
BN TSSO L R K AT N T9I3E>
VAR R BERE A A7 PR 58 B %Ak A S 1 I S Rt BE 4l
5 45 D DR 0 S 2% U A4l i 050 S a2 | 2 IR
S A TEIE T RS oy S, 1998 47 %% U 40 % e 4
WoR T EW e s 40 K i——m28) | @ il e
Wikl B Tk AT A sh ™Y . BT, 5 %
U4 41 % fuf 1) F 9% 2 EEAE P ZE R &S AR
SO AR R RN T B O A T AR i X
WL A IT R A AU B AR SR I RAPD
HORXT BT R REFN T K AR Y 152 % 2R T T
OIMT . TR R8T SO0 T E A R Ok
£/ 1= ) v O

ZRifA DNA (mtDNA ) 45 0 1] B Ak 32
PRAULF A KA FH S AL 75 miDNA SO R
PrpE IR | R 58 Az FA N 5 A% Ak 1A 808 S A
STRARNE 273 2 S ok R ]| ( D-loop ) MAE R AL X,
R =2 B A 14 T 7 T L At e (A 5 AT 17 3 A i
SRR ARt KBRS P T2 N, W
SR D-loop X AMHT T 5V T 1 P KO- 1 6
SAC A S B VERR R N RGO R, KK
A oAk, FEESE R D-loop KR TIHEH
ARBUE AR ) 5L o3 B35 O B2 I i R e

Pk s rE, ERREE R RRE R AR B AR  8
AU SR - i R AL 2 A AR ELAY 7 B
5o AHIFERAETE I LA 32 %S0 A 2% 0 240 5
BEREAS ARIBUR AT 1 SRRz ] X5 51 i 181 48 7
ZR U AR A T A A4 2R 23 AR AIE , DATIT Ay 22 1 4
LG IR AR S B PAOT A SIS

1 #MREFZE

1.1 FEACREEF DNA $2H

SR AR FE IS A Ak 6 NP AR BEAR SR 112 B
AN, FERECE CREHITE KR WA 1, HTK
LT E B A AT 7] S0 = AT A B SR B/
APTEAR IR 2H DNA SR P % i ( Hucho taimen )
FONKRB R RZE L EW .
1.2 PCR ¥ G AF5 I 2

P18 mtDNA 256 X RS 51907 . B 519
S M13 38 F 518 M 519 t-pro, M13/t-pro: 5'-TGT
AAA ACG ACG GCC AGT CCC AAA GCT AAG ATT
CTA AA-3"; 5[ 514 s-phe ; GCT TTA GTT AAG CTA
CG, PCR WK Z N 25 pL, HiA 4145 1 U TagDNA
B4 ( TaKaRa) ,1 pL dNTPs(2.5 mmol/L) ,2.5 pL
10 X Taq buffer ( TaKaRa, & Mg™ ), P & 519 (10
mmol/L) 4% 1 pL,3 pLDNA #EHT , HA XK AN E
PCR W FEF .94 C HIASTE 3 min; 94 °C A8k 45
s, 55 CiBk 45 s, 72 CHEAH 45 s, 3L 30 MER;
N ZERJGTE 72 °CHHAEMF 8 min, PCR F=¥) 2B lG b
HERE FRL KRN 5 % 2635 AR ) TR 8 m] 24k T 3L
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Table 1 Scientific name, sampling localities, number of individuals of Brachymystax lenok tsinlingensis

T A b s [ SRAEH S FEAREL
Populations Coordinates Time Sampling localities n
IR (ZH) N 34°46.181'/E 106°33.462" (¥4 2192 m) 2010 4E 4 A 20 H 28
: . , . e . RFEINETES

Malu River N 34°48.243'/E 106°30.699' ( ¥#Fk 1745 m) 20124E7 H 14 H 12
DU (W) N 34°35.187'/E 104°53.646' (f§4% 2400 m) 201247 H 22 H AR S 9
Xi River N 34°31.381'/E 104°53.166" (#f§4% 2512 m) 201342 A 20 H - o 5
T (L) N 35°02.878'/F 106°29.357" (#§44 1490 m) 20124E7 A 10 H B L 7
Qian River N 35°02.878'/F 106°29.357' (#§44 1490 m) 20134E3 A3 H 14
%ﬁj‘{uj.( M) N 34°30.128'/E 104°40.125' (#53% 2214 m) 201248 H7H i S 1) 4 9
Nabuda River
VI (Z) N 34°49.932'/E 104°16.731' (4% 2112 m) 2012 4 8 H 17 H MR 11
Zhang River N 34°52.123'/E 104°22.626' (¥4 1971 m) 20134FE2 H 25 H " 2
IRE(T) , TS :

N 34°13.388'/E 105°58.018’ ( #3& 1403 m) 2012 4F7 A 20 H KK ZFRIX 15

Dongcha River

1.3 Hdlaorbr

I3RS 7 513 o Chromas 1.45 B4R AS IR
RSB s R CLUSTAL X2 3% BT A 51 3
AT Eext, 2 B P AT N TAOE . H DnaSP 5.0 ¢
PETTIR A B B Y 22 R A TR 22 R 555
iz /] Arlequin 3.1 i’}(ﬁiqﬂﬁ’\]ﬁ}¥§ﬁ(AMOVA) J7ik
BRI 1 728 S AE R A R RIRE AR 1) 149 43 A B as A% 434k
TEEL Fo AT PAE CFHHES I 57, 1000 YR RS
BB S PR |, B FEAS e X 3 AT Al Tajima’s D ¥ 16
RAFEWTFP A A LR 5K 1Y I 52 5 ] Mega 4.0 421t
TRIEL A%, 2 F Kimura 2-papamter 15571 DL 41 5 fif:
HEZ R 2 f: Hucho taimen R ANERE, K
] 2 ¥ ( Maximum parsimony, MP ) #l 48
( Neighbor-joining , NJ) 14 & R G (LA, R GER 7
S A 2B AR K B A S S AR 16 PR ROk
1000 7K, FI I PAUP x 4.0 #5448 35 K ALK 5
( Maximum likelihood , ML) & 4 & & ., Network %X
A g i /0N O 45 T, R DA A T B A3 78 2 ) ) i Ak
K&

2 #R

2.1 POV R KBRS 2R

X FTAR P S AT LT 3B, 15 2 3 09 R Bk B
4 891bp, 6 AFEAILE IR 42 22500 4, Ho
39 METAMFE R, 3 AN REAR S, T.C A G F
B 9k 30.8% 23.1% .31.7% 1 14.5% , A+T
TH(62.5%) BT G+C &1t (37.5%) , e/ wifk

FHIE N 5.2,

ZRIB AR EE 112 A RILAG I ) 26 S ELAG AL,
BB Y 5] e 1) B 70 2R B 4 R, o 0883, i 1 TR
ZREE N 0.00799, Za I 40 5 fel: 45 BEAK ZREME (G
W 2 Fros , FEAR P9 545 0 22 1 LA S R 3T e 5>
0.921, ¥ H g £ ¥¢ B LR B AR A7 K i = oo
0.03635, HfEIMTHEAR S T AR L 2 A 7 H Al
H5, 57- 725 W RE IR SL 2 s A% A HT R0 H12, P R
PR SR AT AT R A W A LS SR H2 Fl H3, 7E
A BRAS RL Y H2 A3 AT i), A3 A 7E R E RE AT A
BHARR, 4L 35 AN R H2 — 5
FEHY AN KR R SZ < B ST B 0N A5 e K, A
T BUBN B AR 5
2.2 BRI S

Z U 41 B fE BE K AMOVA 43 #7 45 3R 7,
39. 95% 1 53 25 500 TRERI], 60.05% 1 73 ¥ 22 7
BT RN BRI 5L A 8 25 (F, = 0.39947;
P=0.00) (3% 3) . TR PIPIREARR] FES 2]
SEIL IR AR AT A B A 5 s ] AR T AR
225 R R, HAPIPIRHAZ 7] F EHS TR 5
B, Hop RS T R R R R (A R
(0.63487) , T FEAAR 5 AT KT HEARTI Y F fH 5/
(0.06885) (% 4)
2.3 ZHISYNBHERHIAN RE K B 5 ML R T

VLT 2k A3 % 65 ( Hucho taimen) AN, K 3
FhATE] J7 2 (MP ML 1 NJ) M) 3 R 4 & 5 Wk
SIMTASTRI K Z2 22 [ 1) 28 U 440 i 6 o B 22 ) 11 56 3R
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Table 2 Molecular diversity indices of Brachymystax lenok tsinlingensis
EEN AL BAfR AR BHRENEE
Population Individuals Haplotypes(n ™ ) Haplotype diversity Nucleotide diversity
s H1(4) H5(5) .H7(6) .H8(2) H9(6) HIO
ﬁ%{E-(ZH) 40 (3) JHII(1) HI2(3) HI3(4) HI4(2), 0.921 0.00027
alu Taver H15(2) H16(2)
PET (W) H2(4) \H3(1) \H21(2) H22(2) H23(1)
Xi River 14 H24(3) \H25(1) 0-879 0.00516
{«ﬂ(;) . H1(4) H2(8) H3(2) H4(3) H5(3) .H6 0.805 0.00854
Qian River (D
g N
A ﬁ‘ﬁjt/ﬂ‘(M) 9 H2(7) H3(1) .H26(1) 0.417 0.03635
Nabuda River
T (Z)
Zhang River 13 H2(13) 0.000 0.00000
ZREA(T) H2(3) H7(1) \HI2(1) H17(4) HI8(2) .
Dongcha River 15 H19(2) \H20(2) 0-886 0-00251
* FOREA ZEAE TR R A KL
#3 FIAMBEEERE AMOVA &R
Table 3 Results of AMOVA analysis of Brachymystax lenok tsinlingensis
; AR AR ES
A5 S Fr e e L
L . Variance Percentage F P
Source of variation df Sum of squares .
components of variation
BEURIA] Among populations 5 160.921 1.68854 Va 39.95 0.39947 P=0.00
FEIR N Within populations 106 269.070 2.53839 Vb 60.05
SR Total 111 429.991 4.22693

R4 FICESEEREE F EHALT) RERH P EIHALL)

Table 4 Pairwise F( below the diagonal line) and associated P values (above the diagonal line) among Brachymystax lenok tsinlingensis

1 2 3 4 5 6
I T Qian River(L) 0.00000 0.00000 0.00000 0.00000 0.09009
2 HRET[ (ZH) Malu River 0.33469 0.00000 0.00000 0.00000 0.00000
3 ZR%5 (T) Dongcha River 0.18770 0.15816 0.00000 0.00000 0.00000
4 P57 Xi River(W) 0.19062 0.56221 0.43152 0.00000 0.00901
5 {#i] Zhang River(Z) 0.19747 0.63487 0.54382 0.53893 0.17117
6 JRAT K (M) Nabuda River 0.09443 0.57019 0.42443 0.32059 0.06885

(B, 3RMAEMENREREWEA TS
FIFRENEE A, DX 719 0 SRR A TR, A
RGMETLIE 1,26 D IAAE AT LAY 1S & 433 16
ARG W — A K A3 3, %5 3 T AL S B R T B
P 2R 2 IRV 4 B LR Tl B R v ) 2 S
f57Y FEAE R AETE R i bR 5 BT B LIS 5 A
PN 08 M R i v D e D N N (TR = B B k3
FEmFEE 5 A BT ST A B — A/ NS

K H NETWORK F4 2 1) 5% 70 55 /)N ) 246 5] i 7
(B 2) , KRBT Z ) A 1 B R%A8, Pl sy

R H2 PG (B H21  H22) 1 T B AT (B A
H7 H9) Z [ Zead 2 5748 , H2 5T (P Ha )
PG (AR AY H23) Z [ Zead 3 2R 53, AR s T
Vi I P T R S LA A H23 R R IR T T
SRR HA A [R] — 4 Ak 2 3 B v R 2Rt
mv1 Fl mv4 B~ S BAAERL SN R Tl AR
VIR FEAR 22 [A)AG ed 32 PR) 118 5 R, 4 . 52 A 114 3 3 el
T, AR 26 A B ) e HL T A Hb B
A7 AR AL A W S, — S TR R AT AR 4 T
FERGL AL, 55— SZLATE T _F i 0 1 ym] AR A3 i) AP
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" SEH Y " y S NSRRI H4 ® Hé
5 T o A4 BT A K 25, 7 it °
N y — 2 e y N = ER
REERE A S =2 B RUAEAE | W 75 28 0 20 il 7 Has P H10
y " NYSURS ey, &
7L i A0 e 2 [ A — i B DR 32 H21 ) H7 ®
mv2 H2 mv3 . H14
-/67/56 H19 @2 HI11
68/73/72 H20 HY
71/78/52 His H24 ® ®
@ ° HI3
H9 a ® H18 @
HI16 L ] H3 Hl6 H19
HI5 H25 4 &
HS @ H5  H20
73/68/79 H5 H15 L Jeh
H17
H1 ¢ 0.
H7 H1
H10 = T = REW w W
55/59/65 I,y j o j
94/92/93 HI2 LIRC 7 AL iU | o A
H14
Wim?ﬁi; B2 ZUSBIEEE (ERB N %X TR
92/93/90 H4 Fig.2 Haplotypes minimum spanning network for Brachymystax
{ H23 lenok tsinlingensis
67/62/63 H2
-/63/64 H26 L Obs
H21 08 1 — EXp
[REEES L
H22 06 %
62/72/70 —|:H24 g 05 F
67/67/66 H25 . 204 4
Hucho taimen e
503
-<
1 B Dloop /5 B S0 MRAEE MY T Ge L B ® o2
Fig.1 Phylogenetic tree for Brachymystax lenok tsinlingensis 0.1 TOMO
base on mitochondrial D-loop sequences 0 1 6 11 16 21 26 31

i T MP ME Hl NJ 245 % 5 W @3 HhaS A A, AR 8 7R NJ
RGERBR, W E RS M 2258045 MP/ML/NJ #4 BP {H (%,
LB 7R = 50% 4 1E)

2.4 ZRUE YNGR 1Ay S B b

K Arlequin 3.1 A 43 H 2 04 240 6% S 1) b A
A, B H 7 5 5047 A Tajima’s D WP PRI 43 By 28
W A ik 2 5 28 P R RED 5K . S5 R W, 28 0 A0
ik Jr A RO B9 A I b B s 23 A ( Mismatch-
distribution ) 7T &l 3 52 30 2 WA (18] 3) , 7E PR
Birh Tajima’s D H 4 7B H 22 53 A 1 3% (Tajima’s
D=-0.18715,P =0.64950) , 7 H}] Z& U4 4t i fiek: 7 45 7K
R FIRER/NOR I AR RRE , R & A B 8 b
k.

3 Wit

3.1 BRET
— YRR R AT FARA A R IR EERIRE T 5

%R R Pairwise differences

3 FUSLRBEEETNEE B0 5 76 43 T B (CHh Se AR
18, BERARMEE)
Fig.3

tsinlingensis ( solid lines represent the distribution expected , dotted

Mismatch-distribution analysis of Brachymystax lenok

lines represent the observe distribution)

FEUA IS 45 1) it 4% 28 S5 85 DD AH G, Pl st 1% 24
PEIKE T AL B o34 A6 )= (O BIE 5T, v 4 7 P i
LIRS R AR E (h) I IR 2 HERE () J
i RO 1L ZREE R BB R AR TR 6
FRIWM 112 BAMARILAG I 26 4> BLAG T | ARl
ZRERE h M BRZRERE o 43 99)°h 0.883, 0.00799,
N OB (A S B Sl - K 5 ke A O ]
T 2% U AT 8 e o B (1) LGS R 2R B b= 0.622 AT
R ZFERE m=0.0017 MITFFT4E A 225 AR 5T
PRI 5T 25 S 35 e, 3 AT g 5 SR A 5o R R 42 Tl Y
BN, JREMREER B RAPD AR X 5K i 25 1%
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SRR 23 BT 15 R AR 2R RAR, TE KT
SR 2RI 2R fek o — S N T A AR Yk o, sl 4
PERARTT RS 1 T 5 | AR B 5 /0 BRI T 5%
ARSE/b | S BN ML AS T, DT 5 R i
BRI AL ZREME MR AL

AMOVA F3tras SR R | A8 S 28 A B K
M, 7 60.05% , I FRAE 515 A8 5 5 39.95% , #F 1A
i) 35 4% Ak 25 (F, = 0.39947 ;P =0.00) , & IR Al
KR SR BRI TR Z 0] F 2R AR
BN AP PRERZ 8] F ES 56 35
LRSI BT — R B 41k, X T RE
52 AN 5 B RO BE 1 25 N3 IR 52 i i T
ZRHA G RN 13 B AR T 3] — A
FURERL H2 G 2R X — B A A 3 1Y
it BRI A2 AN Ji5 , 32 3] BEFEH RN 1Y
Bt
3.2 BRI SR

W) R S Rl D R A OG, FE AR A
AL 6 AFEEZ AR AL — g f AR A L rp
R H2 Sy 5 A FEAR TS B 13 BAMANA 1
AN BRI H2 1 I T 0 7 e 2 0 41 9 e e U5 T[] —
FELSEHER , ELAETR 00T I BE B 3 N O, 18245 78 5+
B XSGR RCRETL B KN K, LRGN B
TN, ZE U A e ] LA IR TE B S P o A o
F14) b FEL 53455 46 Ji W s 1 KR R =2 ) 35 PR 52 9 =2 )
— 5 R, {2 B AR ) SAF 7 G 22 1) B AR (H2
N H3) , VLA P RE AT AR 56 U R, A7 765 4
K 22 . 7 Brunner %' 4R 58 7 At Mg 40 5 #E
(Salvelinus alpinus ) FHHEEAS[F] M X uf 1] H A ) 3535t
a3k, ARy R 1] 32k PR 52 3t K 7y D PR ] i ol
fiek B} £ IS (403t 7 BN A RIS R FBCA B I HRE 1

PR f /N AR I 246 TR I S e R A b 3L X
WOV T4 A5 3, AR H2 (35 M) AT
ZIMEE />4 . Posada HUBFSE AN M AEFRRE H A
AR Fo A0 25 1) B 78 ] B B A DN R PSS O T
T2 oA Ve A AR AR, A R 0%
Y gtk n] BEAC YR T BA Y H2 AR 09 0 s FE A (IR
el SR AR T ) B B T SR Bl B
BN, 5 R A A D H I R A
N Tajima’s D A PERG A5 | 25 U 200 65 6 b JHE A %
AU RN EE Y Ak O, XTI RE i TR AR R R R A

Ja AR AAT IR, 0 AN e R REAR 10 15 1
RT3 -5 3 [ SR £ 2 ) FE A 3 o
PRI R A ARV & . 24> 260 J7 4TI 1945 Y
T, A PR KN 2R | e IR 20 A 72 P AR
TSIV b DX ) 200 8 i K 30 15 1) oA ) i 2 4
BT H A (0] B 2R BT A T, o T R AR 2K
DT i 7 O BB ) A i T e A B L el
e 2T A T 7 B A, B DR BT 2% R
3R AR 1] 38 Ji A Y0 T — 08 3 it B A T TR
S e LU T L, R B S B P E AR e X2 i
BA AT AT Sk ) LR R H2 AL Y E, A
M EAAE R )5 T NSRS S B, KK T
R AR AR, YRR 25 T e | 2 A 00 8 ) 101 3 S
2R BELIT , fi 2 U 240 Sl i 1) 73 A1 DX Y AT O 4 A
LI (E I Rl Tl 1B S PN a1 - R LT 2
AR TR 2R e AR 2 ) e A A AR, LR TR
TIEAE Z PRI = R UOK TE T L 3lF 3 4> 2 0% 20
fif: AR ORI IX (R B ZR e A e | SR R4 X R Sl
U 240 8 i 19 SR P B DX 0 L1 2 0 240 Bl fiek 7 7™ o i 9%
UEERIP X)) O — A B AR AT R AR
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