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Population genetic structure of Schizopygopsis kialingensis inferred from

mitochondrial D-loop sequences
WANG Tai, DU Yanyan, YANG Zhuoyu;»ZHANG Yanping* , LOU Zhongyu, JIAO Wenlong

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

Abstract: Schizopygopsis\kialingensisiis an endemic fish of the Bailong River, which is a tributary of the Jialing River. The
species’ population has been largely reduced in recent years as a result of overfishing, river pollution, and dam
construction. To develop effective strategies forpreserving the species’ germplasm, it is first necessary to understand the
species’ genetic variation and population structure. Therefore, in the present study, a 706-bp segment of the mitochondrial
control region was sequénced from 147 S. kialingensis specimens that were collected from six populations in the Bailong and
Weihe Rivers. Seventeen variable sites and 14 haplotypes were identified. The six populations exhibited high haplotype
diversity (0.810) ‘and low nucleotide diversity (0.00698), and the genetic diversity of the Zhouqu County Chengguan
Township population was highest, whereas that of the Weiyuan County Qiaoyu Township population was the lowest. AMOVA
indicated that significant difference among populations, with 44.29% molecular variation among the populations and 55.71%
molecular variation within populations. Pairwise fixation index ( Fst) values indicated that all the populations were
significantly different, except the Tanchang County Nanhe Township and Zhouqu County Chengguan Township populations.

Meanwhile, gene flow estimates suggested high levels of gene flow, and the Mantel test indicated that the genetic and
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geographic distances were significantly correlated. In addition, the construction of a neighbor-joining phylogenetic tree and a
minimum spanning network indicated that the 14 haplotypes formed two main groups that corresponded to the Bailong River
and Weihe River systems, and mismatch distribution and neutrality analyses indicated that the population has not under
gone recent expansion. According to these findings, we suggest that the S. kialingensis population in the Bailong River
should be protected and that the protection of the Weihe River population should be prioritized, owing to the group’s high

genetic differentiation and very low genetic diversity.
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AR FhRic o Zokifdk DNA 45 X8 oh kLR gty X 75, AL BE At | o b b Bk ast %
ZERII R RARIE . RIS R D-loop Al eyth BR8P 91 40T 17 S 3% LU BB (1) 2 ) b B~ 3o R AR 7
0.05—0.37Ma Fij KIS 2 HRAEFNFE i A2 IV o 7 800 SR AR LAk i R 1 P 9 ok . 36550 R A D-loop J¥ 41 1
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1 #MREFE

1.1 FEECRAEF DNA $2H

SEIRAE S B Lt0 6 DNEFAE A (LI 1) 3k 147 BAMA RES RO SRR LR 1, BUG M EE2 o
BT ICK B [ S5 4 8 S0 5 AT oA, SR T/ U D5 AR BOEE R 4 DNA
1.2 " PCR 3G FIFF 5110 &

- miDNA 5 X % 910 B9 51911 . GEDL200: 5'-CACCCCTGGCTCCCAAAGCCAG-3'; GEDHS860; 5'-
AGGGGTTTGACAAGAATAACAGGA-3', i L LY E AR A R A A& 8., PCR RN IEZR K 25 pL, H
FALHE 1 U TaqDNA B4 ( TaKaRa) ,2.5 wL 10x Taq buffer( TaKaRa, & Mg™) , B 25514 (10 mmol/L) 4% 1
pl,0.5 wL dNTPs(2.5 mmol/L) 1 L DNA #if , AT AKAMNE . PCR SN FEFF R 94°C AR PE 5 min;94C
PE 30 s, 55°CIR K 30 s, 72°C LA 60 s, 3 30 PG ; ROV A5 HE 7E 72°C FEAEH 10 min, PCR =& 305
T R FRL VRS I 5 26 96 3 35 A8 4 TR AN WAl A Ul e 5 5 | o 345 1
1.3 HdEandr

JH DnaSP 5.0 $PE" T AT AR 2250 A AT R 2RV T IR 2R RIS L 431 (Mismatch ) ST
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x1 ERARREEREEREEZZHEERES
Table 1 Locations, number of individuals and diversity parameters for the population of Schizopygopsis kialingensis
- - i H AL [ 1Y Z2 R REZFEE
\ MO A BEA R HAEEIEL 20 ‘ HARERI Z R *Zﬁiﬁa?’ﬁﬁl“
FhEE . | Number of Number of Haplotype Nucleotide
. Geographic Samplesize . L L
Populations Jocati () haplotypes polymorphic diversity diversity
ocation (NR) sites (Np) (Hd) ()
N 34°09.532’
AR S E 103°10.427’ 28 4 3 0.426+0.107 0.00084:0.00026
H 2616 m
N 34°11.278’
BT & E 103°52.456’ 30 4 4 0.671x0.053 0.00144:0.00025
H 2210 m
N 33°54.539’
FF i e E 104°00.935" 19 4 6 0.713+£0.074 0.00319+0.00047
H 1592 m
N 33°29.430’
Frf I & E 104°32.525' 17 4 5 0.618£0.106 0.00204+0.00041
H 1406 m
N 33°57.647'
B TR E 104°25.316 25 3 5 0.547+0.054 0.00305+0.00025
H 1777 m
N 35°00.890’
B WIS £ E 104°12.790 28 2 1 0.071+0.065 0.00010+0.00009
H 2231 m
AT Total 147 14 17 0.810+0.018 0.00698+0.00044

( HZ4(H M 500) 45 ; K Arlequin 3.0 Bppt A
VR R AEAAR ] (35 % 40 fE 8 430 FST L ( EE 2 2K 10000)
AR Nm=[ (1/Fst) -11/2 IFEREF R Nm ™) Ifi o
17 AMOVA 43#7 1 Tajima's D Fu's Fs H 4G I8 (A )
UHL 10000) , 415 SSD {E Fl Raggedness (B, & FH % %
FHIE T (Mantel test) K56 6 /e 6132 15 7010 02
IR TR, KB I o PRI 2 1 A
AL IR AL Fst SR SCRAY SOMBE R B AR | 3t PR R
BSOS GPS 37 i Al A ELAR RS JFHEAT In 554 3157
KRB, ] Mega 7.0 BAF " GuitiFE4 n, JF3E T
Kimura2-parameter 15 AL ST BRZL G0 (0 A 371 f WK 147 60
FFF E 246 0 R SR 1140 4% 125 ( Neighbor-joining,, NJ)
MHEIT TR, ARG by sy B 28 BRI A
SIAGTT  PEFRUECH 1000 7K, Network 4.6.1.1 3 AF) 1 1) median-joining 5512 25 i BLA% 5 e /N 2% G 3
& LR SR R O 2R

34°N

L
102°

E1 ERERIARERESSHE
Fig.1 Sketch map of sampling sites of Schizopygopsis kialingensis
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X} 3 B A DL B 2R A ) DX 81 1EA T L XHHE R IS, 45 81 706 bp B TRIRIT S, 147 BRI E 17
MRS S, Hp 2905 B A 16 4, BEARNLT 1A, BREELLR AT s, A T .C Fl G Bl T3 &
IR 31.6% 31.6% 21.9%F1 14.9% , i A+T 51 (63.2% ) W 5 T G+C &5 (36.8%) , R I H W] 1Y
AT MRIF R G ey, -5 A A Sh 4 S (s il X% R M 4 B s A — 3 L s B R L B AR s %
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LR R B 1, 3R 1 T LI 1 147 BAMARIERN S 14 S FRA5H (KY092436—KY092449) |, 7R 8= 1
HAAH ﬂ%#‘iﬂiﬁdﬁ%ﬁ‘]ﬁﬁﬁﬁ%#ﬁ(lﬁﬂ 810+0.018;7=0.00698+0.00044 ) , H: i RAF 55 FH I ABOC R 1) 375 B R
S BRI ZREVEIR R, O 0.7130.074 ; SRAE SSIE IRERIA £ 1) SRR BRI ZREPEIRAR, O 0.071:£0.065
2.2 BEAAE L

TR P PIRERE] Fst (A5 2125 R WK (3R 2) & BRI (TC) FAF T BFA (Z2Q) Z M 22 55 A8 i 3
(P>0.01), H AP P BEIR Z 18] Fst (G050 34 & 25, Hodr, 3 BE R S5 R BE IR (| 19 Fst fH e K
(0.75132) , 75 B REAR S5 KRR ] A4 Fst (B /D (0.03368) . 5% B #2450 A0 BEAR 1723 175 5% ( AMOVA ) /3
Pra B R (32 3) ,44.29% W53 125 S TR , 55.71% 1950 T 22 S TRER Y, REAAR ] 382 4% 20 Al 2 35
(Fst=0.44292;P =0.000) , #&HECREE ST K R WG 6 AN HOBERPHE by 2 241, TEIRFPRE R 1 4,0 5 A FPRE
14, 3T AMOVA 5301 7R |, 38.48% 1) 7+ 22 50 T 4110, 19.25% 14322 S T 41 N FFIARE] ,42.27 % 11
Oy T2 S TR 4 ] 8L A0 A0 AN .35 ( Fst = 0.38481; P =0.155) , ZH PN FE (4] AR 142 9 3844 401k 1
2 RIS R BOT B R A ZE R Nm oA 0.08275—7.17280, i HU A3 5 MR 5 2 S B4 |
BEMBEARFN S BB, 7 B 5T RHAZ LR KT 1(£4) .

x2 ERBEHREBMEE Fst E(AHALT) RIBEH P EXHALD)
Table 2 Pairwise Fst ( below diagonal) and associated P values ( above diagonal) among Schizopygopsis kialingensis

BERJE L Population geography iR S SEHET 2 F i IR St £ i B T TRk &

kRS S 0.000 0.009 0.000 0.000 0.000
HEHEF 2 0.44927 0.000 0.000 0.000 0.000
FHHIR L 0.10357 0.23384 0.009 0.162 0.000
Frih I & 0.34506 0.35236 0.12884 0.000 0.000
F B T R 0.16294 0.24908 0.03368 0.33274 0.000
TH RS £ 0.75132 0.62172 0.65131 0.70673 0.70106

®3 ERRARECHEEBREERNSFHESN(AMOVA)
Table 3 Analysis of molecular variance (AMOVA) among 6 populations of Schizopygopsis kialingensis
S 4y BRI (%)

A5 SRR A R S .

. Variance Percentage F P
Source of variation df Sumof squares .

componenls Of variation

FE{RIE] Among populations 6 24.773 0.19380Va 44.29 0.44292 0.000
FEIK N Within populations 141 34.370 0.24376Vb 55.71
JMA Total 146 59.143 0.43756 100.00
41 Among groups 1 13.347 0.22192Va 38.48 0.38481 0.155
4 ELVN]
HRET i . 4 11.426 0.11103Vb 19.25 0.31294 0.000
Among populations within groups
B PN Within populations 141 34.370 0.24376Vc 42.27 0.57733 0.000
JMA Total 146 59.143 0.57671 100.00

x4 ERBEHNAE 6 NHMBMBEERER(VNm) (T =/) 5HEEEE (km) (=)
Table 4 Matrix of population pairwise migration rates ( Nm) values ( below diagonal) and geographical distances (km) ( above diagonal )

between populations of Schizopygopsis kialingensis

TEURJE Hb Population geography — ¥E¥fz5ME S EIAE T £ FHM FHHEN £ T TR G &
WL S 67.6 110.6 143.8 115.8 144.2
T 2 0.30646 53.0 84.4 47.9 105.3
FHlf O HE 2.16383 0.81911 34.8 27.5 136.3
FHlliHEm £ 0.47451 0.45950 1.69039 59.9 145.1
T 1.28431 0.75369 7.17280 0.50134 117.7

T RS 2 0.08275 0.15211 0.13384 0.10374 0.10660
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Mantel test 6502 H , 57 B BREAL Dt RIRE 22 8] 35 4% 40 AR B2 5 1 BELUPE 8 A 35 AR G (r = 0.6952, P<O0.
0500) , 15t BH I 2 B B A ] AT R H) ik 5 B BR A DL L PR I IS AL A% R O L, (ER A 1 L ) 4, 1
PG 2 (DB) A SRS T £ (LZ) BRI 0 M BB 25 B0, (R Z [a) (9 35 4% 25 S 0K
23 DTRGERE I

DL ] #2845 A ( Schizopygopsis pylzovi ) . M 31 Jii WH 47 £ ( Platypharodon extremus ) 1 5% 1 24 i
( Schizothorax prenanti) i AN S HE, N FH AR H2 1k (N #4257 bR #2400 fa 14 > ok AR 2 4 IX )y %71 B0 £ 7Y
(KY092436-KY092449) Z AR R G TW (& 2) o AR, T B9 52 B SRR DL S REA RO — > B R OIS
FEMVRIN R TR T 7K R B A1 R AR, B 5 B VLR FIVE VT 2 A . KIS Network 1 LA 47k (Median-
joining ) R A FAAT R FE AL 9 26 5 A PR (181 3 18T 4) |, KPR B9 B 22 ) 285 — 20 G A8 HLAHICA 32 B R 2R
P AT 5% B VT K R AL S A 2 H3 ORI K 2R AL SE SR 2 O HL AN 1% R AR 2 a) B L S s Af Al
BB I 28 I E— 20 SCRe T RGER BRI T, 52 BARBLA 6 /> b B (A S A% A 4 IR B VTR &
FE K 2RI P RIZERE

H1 KY092436
H8 KY 092437
H9 KY 092438
H12 KY092439
- H10 KY 092440
' H2 KY 092441
- H13 KY 092442 HBALALH
[ [ H4 KY092443
H14 KY 092444
H6 KY 092445

H7 KY 092446
H5 KY 092447

H3 KY092448 .
—|_ VAL
H11 KY 092449

Schizopygopsis pylzovi

Platypharodon extremus

Schizothorax prenanti
0.020

_ 1

2 ET D-loop RFFIMEZRERRERN NJ #, T 24 HEFH 1000 )X bootstrap 55 i 7 35 R
Fig.2 A neighbor-joining tree of part of Schizopygopsis kialingensisin resulted from D-loop sequence. Numbers at nodes are percent

recovery in bootstrap analysis ( 1000 replicates)
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Xof g4 1Y) 147 R85 e #R 2 A0 i ok (A s ) X FP 9 1A 7 A% BR A5 T 40 415 43 AT, Tajima’s D Fil Fu's FS
HRPERGIO R T AN EE DT SR Bh A, 25 R IR BB E £ BER (DB) GEFRAE T £ BEAR (LZ) AR A (WY) 1)
R TR R 10401 1t 2 52 B S 0 B0 280 (18] 3) |, {H Tajima’s D Hl Fu's FS K IR 538 (P>0.05) , F B 3 N
TR 525 i B IR S ABE TR LAY 3 BRI A T R B TC A0 A AT S B 2 6 434, HL Tajima’s D il Fu's FS K
ISR 2 AR B RN EED Tk, eI AR OR — A BE R TAZ T R B IO A3 A, SR B 205 AT, Tajima’s
D I Fu's FS K45 & s IE AR B8, 100 I 578 B BR 2 D0 A0 FRF AP 0T 300 17 o 1 R AR/ MR R R R , R Hh B
RIRNEED 5K .
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3 i Y Y
H4
31 BIEEREESHT )
H

MREE G Z FEPE IR A W) 2R I A0 B A i, A
LT Wy AN [) PR A 35 7 e 1 RV 7 stk 2K
- JE AL AN 537 4 SRy AT s R S AL T R
RYF LI RERPRIE , R R R TAE R LA, 5
FERIZREE (h) FIRXH R ZHEE () 2 2 — )
TEARAS SRR (B ART' 5 B MR I £ 1 LA 7
LRI IR Z 1 (Hd = 0.810+0.018 ;= 0.00698
+0. 00044 ) # (AKX T [0 WA 1 25 57 0 g 4l
( Schizothorax prenanti) ( Hd=0.98;w=0.019) FIH 1
M ¥ 12" ( Platypharodo nextremus) (Hd=0.995;7=0.0129) , 5EE# & E 0" (Cymnodiptychus pachycheilus)
(Hd=0.844 ;w=0.0054 ) FIE# A #RE 2L A7 ( Schizopygopsis pylzovi) ™ (Hd = 0.79;w=0.0027) #124, FEEHAH
116 A PRI B A 2 P 5 I A ST A AT SRR AR B, T R 2 AR, AR K T
5 S (DB) FIE R (WY ) BRI AZ TR 2 FEHEART 0.001, X R AEAS R 388 14 22 BF 1 A7 76 1 35 1) Hh 3
22 BLGAE IR K 2l R AR 37 | 2 B R L A A A BRIk, T BB -5 7 v S 585 D 42 L)
SV TN ¥ Y V5 TR0 i W 78 50 G Al i = | 1 S VAR SO 5 ol S 0 5 = 1 v 25 VA U
ML SBGR R EE ZREZ Z o X TR IEAPRE (WY ) 2R 5, I Y b P 25 0 v BE 2 1 st A% 241
IR Y 2R 22— A RO R /NG RS 0 35 A5 578 S BOR 5 388 48 5 222K

£S5 ERKARAGHDERE
Table 5 Neutrality tests of Schizopygopsis kialingensis

E3 ERGRASEFINRNEUNEXR

Fig.3 Haplotypes minimum spanning network for Schizopygopsis

kialingensis

IR e Tajima [< D #3504 P Fu [ FS #4018 P
Population Tajima’s D P Fu's FS P

e -0.56351 0.335 -0.89198 0.225
BT 2 0.00462 0.568 0.43345 0.611
St 0.97533 0.866 2.04215 0.863
Frih i -0.11454 0.475 0.63814 0.662
B 1.75057 0.960 3.87064 0.953
THIRHKIA £ -1.15142 0.157 -1.15451 0.056
S Total 0.15017 0.560 0.82298 0.561

3.2 mEEE I

A ARG e 2B 2 B R — K Sl A AN TR A B PR R 1 RIS g, S 2 L B o3 %) i i
PR30 gt A A A R LR VT B s AL 25 A0 B T AR b TRV (WY ) SR [ B T0] 30 38R 9T, it oAl 5 4>
HhFRREAR Ry 5 B T 3R, 52 b PR 25 52 M T ISR EAR 5 LA Z [A] 1Y) Fst(0.62172—0.75132) 3 KT 0.25, 1
3 B MR AL Lt T USRI 5 LA AR R 22 [R]85 AR, X S LRI N A3 BT 25 SR — 350, BRI S R A =
DT FEBEIT 5 AN /K 2 5% 0 Hh PR 22 ] Fst(0.03368-0.44927) #/N  AHAR H BR A E 2 (0] JL 2 7 (Nm>1) |
A DL g A AR 5 R st A5 Ak T BB 5 B R 2 A EL A e BE B — > PR 5 . Mantel test K
Y2, 5 B MR DA RN EE 2 18035 A5 20 fL R B 5 b B 8 7 S S8 A G, 100 ) 8 o B TR T L A A5 A
HEH AT LA R AIE R, (HR WA MG £ (DB) FHA 5N T 2 (LZ) AR b PR 25 45000 (HAF A 2
i) 1) 35 15 2 S AR I IR G2, 0 B e AR O 25 I — 52 ) 3 B8 R 284 P At st A A SRy I DR 22, 1 Pl RB 2 |l T 1
VL U R SRR R il 1l i, i) d 2k i Sl e BRI T o BR AR SR L I B, R B0 A 2 R 1 3t 4% Ak
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Fig.4 The result ofmismatchdistributionpairwise haplotypes geneticdifferences forSchizopygopsis kialingensis
(SEEIBHURRTCX 3775, M EE B W AREC A 4315 A:DB,B:LZ,C:ZQ,D:GB,E:TC,F: WY ,G . #{k)

K.

9 T2 (AMOVA) 7 ,55.71% 1978 5K H TRV N ,44.29% W78 5ok B TR REMR], FoRe (] iy a5t
TRAE SR X 5 SR R G AR (D 1) FHERA 0 Ak I 285G R T8 (81 2) AH— 20, 18 TR AR e B A 78k | 3R
h— 3, ELIE VR b 5 H A b B 2 (B A L S s A 4 BROK RO R B AR R Lt R R e ol 2 A HEAT
AMOVA Z AT 7R, 5 R TT/K R 5 A MU BRA R (] A 54528 5 R 19.25% , K/ st A% 22 5ok B T RVE N Y
AMERZ IR (42.27%) , 3 [RIRE 55 54 A E A0 B R B 280 1Ak 0 245 5 28 IRIAH — B0, 32 BR VTOK &R 5 A MU B R E (] 92
B E R IERN LS, R PAN T s AR IR] 14 3 PR KO B i it A A B 2 X 5 AT e = Rl
SERE B SRR XL MRS R BN | 5 R VLK R B 5 R AR L A B3 R R e
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He

Eild 37 &

3.3 FREED RS S A

F B PR IO MRE (ZQ) ST LIS FhitE (GB) FIFT B EE(TC) AL H B T 73 B 1
LI, Tajima’s D #l Fu's FS KRS AT P PESEL RO B, 259045 £ BEIR (DB) (RN T £ HER (L2)
FIVEVRRAAR (WY ) FARZ T PR S BC 20 A h 26 52 HH 5 A9 B 720 (1%] 3) | {H Tajima’s D fil Fu’s FS KA A .35 (P>
0.05) , W57 b BRALLAREARTE T I D s B RFAR R/ MISFRRE , AR LR RED 5Kk . TEIR Z 2R ih AR &
BT PN R AL R 2 R PRI A B 22 WA Ry S/ N A O R 25— B R AR e R AR T
Pk, DE RN TED 5K A T4 R T 5828 (4 DR B 0 1T O 1 R AR AR T e e R S A Ao P
1 U 22 R O AR FTAZ R 22 AR PR R0, HE I 72268 DU 20 I 30 ) oy 1 e B A2 380 < i " AT 2 Ja, Rk
AR TR S BOR A Z R AR, X AT RES A B AP VRS (5 1) M, D (R R R AR A K
18cm ) FEAY MO0 ARG L2 pi b A 6

HOZRFRREIE L 45 R I 28 R GUHL AR J5) AT ST 25 SR BE 08 Dy Wy b D4 SR K il A5 B it A ) 7 i (R
SRR SRR R R 2R SRR R (A B RE R A I 2R LRI 2 2 AR R
AN K TR A AT PR R A2, 7T B8 T 305 AR AL L 0 935 % 2R P AR S AR, X 2 2% P 5% 1) 3 17 BB )
REEATR , MTITE— 20 Bl 2 52 B R AL LA R A A . AR H T RNy 1 — SR it AN N7 1 1 Je VAR £
RIE YK PRI B G IROR P X URVTE B BERAT 1028 [ 58 90K ™ T B DSR4 DRI e Y it B A 12648
FoKyRh TR LR X, 7R 5 B TR BN T 1 FRBOR A o L 3ok SER i X PR 477 57 B R D #11 mT RE I AN 5
Lo YR RAP L R 1B SRR 5 T R R T AR AN B 2 ARG A5 SRR s R AR
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