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Abstract: Using mitochondrial DNA (mtDNA) Cyt b gene and D-loop control region as molecular markers,
genetic diversities of 60 Pseudecheneis sulcata samples from two populations in the upper Lilong section and

the lower Motuo section of the Yarlung Zangbo River Grand Canyon were studied. The effective sequence

length of the combination gene was 1 893 bp, including 1 060 bp Cyt b gene and 833 bp D-loop control region.

The results showed that the haplotype diversity values (Hy) of both Lilong and Motuo populations were high
(0.701 and 0.761), and the nucleotide diversity values (7) were low (0.001 00 and 0.001 09). A high frequency
of Hapl and Hap2 was observed in both populations, which were presumed to be ancestral haplotypes.
Meanwhile, there were 5 and 6 unique haplotypes in Lilong and Motuo populations, respectively, and they
were not shared between the two populations. Analysis of molecular variance (AMOVA) showed that the
genetic variation mainly originated from within the population, with moderate genetic differentiation between
populations (F = 0.090 44, P < 0.05). Neutral test (Tajima's D and Fu's F;) and nucleotide mismatch analysis
(SSD and H;) revealed that Pseudecheneis sulcata had experienced population expansion. This study
indicated that there were barriers in gene flow between the two populations of P. sulcata. The ecological
barriers such as altitude difference and hydrological situation of the Yarlung Zangbo Grand Canyon may be
the main reasons for hindering the migration and communication in P. sulcata.
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AT LA T Ve s P X, 2R b
PR A v IR KT 22—, P ) 2 A6 T 7 R 3
TE UM AL, R R A SRR A
BRI 3 R TR (s 85 1991a),
R X R FEE AR (Cyprinidae) HIZLAE T
%} (Schizothoracinae ) &%} (Nemacheilidae)
f) 7 AR (Triplophysa) A#kR} (Sisoridae)
SRR KBRS 1995). MEE AT
PRZRAR BRI 46 3 T X 3k R3] 4 200 4
km PHERTE ZTE 2 000 &2 m (SEHE 1999),
Z XA (7] 44 T S E S AR Ky (it
W55 1995), TG A Rl R
WIEZE K 2 74 H AR T T
SO 25 % X 31 £ X R A A R o A (GG
=% 1985), FEEEAN RIS AR DL B
HRMX RAMAAEREZES, HEMRRE
gD ILE R, JLTRAIAEM GkE
4 1995).

HPEFE Mk (Pseudecheneis sulcata) 3 & Tk
Bl raekiE, 3B A0 T E0 R A IR A (G
= & 1985), TEVURHLIX 704 T HEE AL T

TEr M. g2 GGREFEILEE 1995, A REE
2007 HRATHT TR, 3 BERBSLEHE S AT K
ety UL BRIt A B AR, O E TS
AT VL HH Ui AN i M — — Rl A AT ) R
(Lhe 55 2018), 1143 An T F i 55 i SU
i Sk Bk
(Pareuchiloglanis kamengensis). “F-J5#k (P,
hodgarti)~ J&HE (Exostoma labiatum) %5 HAthigh
0 AT AT U2y LB i K Sk A
A GREBEIEE 1995), shRHEZEHI T, fil
gL G T RAWCE RS, RN, &R
TR, ANFENmNEsIEEER ™H
S 2018). WA N B KRR TR 22 K R0 i Rl
T3 B B PR 2 S M, KRS (i
Wi 1982, AXE 2% 2012), ATRERFFRFIHIAL K
SR R AR SR} 8 2 7E RISy N AN g E E
T, 1B ARG k RE 08 SR A ORIk Ay FELAS 75 DL 2
IR KR, B LT RE BRI I AR I S ER
AR

AR TR, A KK S MR8
X} I R A2 A — s BRI E H (Costello et

( Glyptothorax annandalei ) -
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al. 2003, B&XYLLE 2005), [F—mRAKER ET
Ui 1 B I 5 T 5 B0 SRR AR AR 8 A A 4k
(He et al. 2009, Z=3CiF5E 2018); HT HA
SN AN T3 G A 1 o el A NP P 9 S
I AR IAE % KK R 28], HARELLE [H
— KA F R R 8] (Zhou et al.
2005, XUZT45E 20100, AHT 700k 28 14
DNA [f] Cyt b £ [K Fll D-loop % il X 1E N4> Fhx
0, I8 AR R A B 1 U T
A RIS 1 R AT VT /K 38 55 B AR T A ikt
& Z R K, 20 B KR 23 6 58 D B g A A
WAL LRI, R T A VT 5 B e ik
AIHBER A3 Ak JR) VRGO R R A SRR AR
PR AR AR o
1 ARSI
1.1 PBERRE

43 HF 2018 5 4 HAN 7 H, TEREE ALK
U2 DA b PR 5 AT G PR 2 R AR EL L B
(29°07' N, 93°49' E, 4K 2 960 m) F1 KUk
UL SR AT LS B (29°18" N, 95°16'

E, ik 668 m) (& 1), i & BRI 43 B4
RE| 30 BBk, IEE&EINAL, H
95%JC/K LB 8 JRia [ sEi6 =, F - 20 CiK
FEHIRAE

1.2 PCRYy ¥ ERFF

IR 8 25 SN ZH 214 25 mg,
{5 F Ezup #: X h P 5E K 21 DNA fh#2 55 &2
HUE DNA, H 1% B2 R BE &8 FL kAl DNA
Wi, T4 CRAF&H. 3 Cyt b EHF
SIS ¥4 L14724 A1 H15915 (Xiao et al.
2001), 1 D-loop XIS %:H FIHI51%H
D-loop-F A1 D-loop-R (Zeng et al. 2011), 5%
Y Bl T AEM TREA R AT A K.

PCR MR RPN 25 pl, HPaE 10 x
buffer 2.5 ul, 25 mmol/L ] MgCl, 1.5 ul,
10 mmol/L ] dNTPs 2.5 ul, E. RS54
(10 umol/L) %2 ul, Tag B 2.0U, £BETK
B AB 2L KRN 2 RARFY 25 ule PCR M 2614
94 C AR 4 min; ¥4 #E 35 MG, 94 C
AFVE 555, $HE Cyt b A D-loop 2 1B KR
FESr 518 58 CHI 50 °C, 3B KIS TR 4: 50N 30 s

30°N

Z > &4 Legend
Q Lilong W RHE A Sampling site
® IR City
45 km — i Tributary
— T i Mainstream
| ! |
94° E 95°E 96° E

1 RERBECREMSR

Fig. 1 Sampling location of Pseudecheneis sulcata
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H1455,72 CHEMH 30 s; 2% 72 "CHESH 5 min.
H 4 pl PCR 34722 1% 1B I A H vk
Rl =, WA H B2 B PCR =6 2 il
A TAY) TREA IR 2wl e AT 80 il Fe, e Fe
515395 51 YoM 1E .
L3 RS
fiF} Chromas #F 7 mlM%E Cyt b Fl
D-loop /7 &5 R g &, R Hdls . A
DNAMAN 5 XU fi) i Fp 45 SR e A AT % . A
H ClusterX v 1.83 B 73 7% i & Hf 42 5 1K 7
ST Z Bm R, N THFIEX ST, XI55 EH
PRI K . XF Cyt b Fil D-loop 2K 7
Y& J5 14T 934, KA DNAsp 5.10 t15H 5
BERE (b, BERZHEE (HD BHRZ
FEME () %240 (Librado et al. 2009). |
MEGA 6.0 £ (Tamura et al. 2013) TH5H#E
W REAR A B AR B, JE T XS B B AU Y
( Kimura-2-Parameter , K2P ) #4 & 4 #%
(neighbor-joining, NI) 7T RFAHNK, &
1 000 X H A58 453 3] 73 SO U SCRrEE,
REHIINGATERINE . FT Medium-Jion #
F Network 4.6 #ff (Bandelt et al. 1999) 4%
PAAE RN K. R Arlequin 3.5
(Excoffier et al. 2010) 15 FEAR 2 (8] ()8t 4%
SACTREL Fo{f, 585 AMOVA 43 #T (Excoffier
1992) #1 Tajima's D (Tajima 1989). Fu's F (Fu
1997) RS, T 1 000 YR HURESE
PR EG o FEEATAZH TR ASEC X 70 B (1) FE Al b A4
A IR E IRA T /A B, HEBTRE RS 7k
RAERISE, JERZERZ PR 2 MR
RS 5K I 1A) HEAT Al 5

2 REH

2.1 TBEFFHIHR

R IES WO LS =P S § i ) YA AN
HRA A U7 A FE N 1893 bp, £u4E Cyt b
F A 1060 bp F1 D-loop #% il [X 833 bp. A\ T.
G. C DYk 35 & &5 02 32.12%-
30.25%- 13.68%- 23.95%, Bl G 1 & &

T HAh 3 FRERFERI S &, A+ T (62.37%) &
EHET G+ C (37.63%) &, ZEMARA
BILA, MAEEAE 6D (£ D).

1 RREBOAENERM R
Table 1 The variable sites of haplotypes of

Pseudecheneis sulcata

AT A5 A7 Variable site

Haplotype 557 705 752 803 830 10441124 132915601667 1705

Hapl T € G A T C A T C A G
Hap2 . A . . ... C . G
Hap3 . T

Hap4 . A . . .. C T

Hap5 . . . . . A . C

Hap6 . . . . . . . . . . A
Hap7 . . . . . T
Hap8
Hap9 G

Hap10

Q o a o -

Hapl1

S S
Q

Hap12 A

a o o o o o -

Hap13 . A . A

7 FoRPTEAL BIHE 55 % T IR .
“.” indicates the nucleotide in this position is identical to the

one in the reference sequence.

22 BERISAN Rk 2T

2 MNEEA 60 ANFEAH, BRG P51 e dar i 3
13 MHAERY (Hapl ~ Hapl3) (£2), H Rt
AL 7 NHAES (Hapl ~ Hap3 A1 Hap6 ~
Hap9), 2 MRS 8 N f5 4 (Hapl Hap2.
Hap4. Hap5 Ml Hapl0 ~ Hap13). H, HfF
A Hapl Al Hap2 &y 2 MEEARFTILA, iz
Hapl [FEAREL S S AREARET 40%, Hap2 HIFE
AHY b SRRE AR 33.33%, FLI8A B AN SR
2R L 545 7Y . Hap3 #1 Hap6 ~ Hap9
X 5 AN RSN O AT A, Hapd. Hap5
F1 Hap10 ~ Hap13 3X 6 /™ HLA5 28 Sk 55 [l A4 Bl
MA, BRI AR 2 AL
AR 24, HIHA XIS AR A A
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AR . PR ST R A LA F
11y, 2 T AR, (HIA X R A R
SR AR EAR D

Iy HT PRS2 A HER RIS A 2 KR
(£ 3), RH/EMZEEM (H). BHRZ M
(o) FPEIRHRZER (K S80E Rk
235104 0.701. 0.001 00 I 1.894, 7 B2 e
2514 0.761. 0.001 09 F12.055, EIH %
TR AL ZFE KIS T S R AR . P
S S AT REE (5 0.5%) RIE TR %
FEMERE A (<0.5%),
2.3 FERRIFIBAEREE R oL

BT K-2-P B o s Ak 2 SRS

FEREE, WG F 81 o0 b s B A 8 i A Ak ]
(B AE PR BS 4 0.001 1, B 2 MR 2 (A1 8 4%
RN, SREGRARBIE. AMOVA Hirgs iR
B (R4, FHARNBEEERKT I 90.96%,
FEARIAIAEAS 5 9.04%, TR AR 5 3
FEAEF, B R 8 AL ok B B K
(Fy=0.090 44, P<0.05),
24 Rtk
PVEEBT sk (Glyptosternum maculatum,
Cyt b 3£ % GenBank: AF416891.1, D-loop %l
[X GenBank: AY297095.1) {EN4MEE, FT
K-2-P 4 % 1 B Ak o 15 284 (1) 41 45 R Gtk Ak v
(B 2>, BERFISEM 2 MR B B R 0

R2 REBOEAMGERE 2 N B RO
Table 2 The distribution of haplotypes in two populations of Pseudecheneis sulcata
MAEEL Number of individuals (ind) AMAEL Number of individuals (ind)
A R SR ¢ ™ AR LR SR ¢ ok
Haplotype name Lilong Motuo ”F Haplotype name Lilong Motuo =
. . otal ) . Total
populations populations populations populations
Hapl 14 10 24 Hap8 1 1
Hap2 9 11 20 Hap9 1 1
Hap3 3 3 Hap10 1 1
Hap4 3 3 Hapl1 1 1
Hap5 2 2 Hap12 1 1
Hap6 1 1 Hap13 1 1
Hap7 1 1
R3 EPEAGE 2 MEERBEZSHIESH
Table 3 Genetic diversity parameters of two populations of Pseudecheneis sulcata
PEik FEAKL FALR TR Z AL AR R MH R L P IR % R
Population Number of Number of ~ Number of polymorphic Haplotype diversity Nucleotide diversity Average number of
p sample haplotype () sites (S) (Hy) () nucleotide differences (K)
¥ Lilong 30 7 8 0.701 0.001 00 1.894
5 Motuo 30 8 7 0.761 0.001 09 2.055
SAK Total 60 13 11 0.733 0.001 09 2.069

R4 AP NBAS TERIN (AMOVA)

Table 4 Analysis of molecular variance (AMOVA) of two populations of Pseudecheneis sulcata

AR SRR H Rt A 5y BRASE (%) i € $a 4 (Fo)
Source of variation df Sum of squares Variance component Percentage of variation Fixation index
HE4A A Among populations 1 4.033 0.100 69 9.04
AN Within populations 58 58.733 1.012 64 90.96 0.090 44"
1t Total 59 62.767 1.113 33

“x” FORIBFNREIKT, P<0.05. “*” indicates significant level at P < 0.05.
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Hap2
Hap9
Hap8
Hap10
Hap4
[ Hapll
- Hap5
Hap12
{ Hapl13
Hap7
Hapl
Hap3
Hap6
Myt IR sk Glyptosternum maculatum

0.02
e |

B2 #T CytbZEEM D-loop #HIX 1893 bp BAA 75 M EE (K B BERY ) B A5 BUSR B R G0
Fig.2 Neighbor-joining tree of haplotypes of Pseudecheneis sulcata based on the 1 893 bp

combined sequences of Cyt b gene and D-loop control region

733 BB 9 1000 RE ST FARE . PR RN T B Z IR 28 5%

Numbers at the nodes indicate bootstrap values with 1 000 replicates. The scale in the figure indicates the difference between the sequence.

Hap7 Hap13 Hap8 Hapl12

I B Lilong
2 Motuo
Hapd Hapl1
Hap2
Hap6 Hap9 Hap10 !,

B3 BRI A AL o 2%
Fig. 3 The haplotypes network of Pseudecheneis sulcata

“Hap” #on 8, JURHIF S BRI S TR b (s 43 FE 50 20 20 27 LR R AT SR IR B P A PO S0 28 9 i)

“Hap” indicates Haplotype, subsequent numbers mean haplotype number; orange and blue portions in the circle represent Lilong population and
Motuo population respectively; Small black dot between nodes represents lacked haplotype. The circle size represents the number of individual

haplotypes included.

SO, HAPER SR A FIFRIE R ERE R R AR NG &R . Hf5 Hapl
JH I A0S 822K 22 o M Network 4.6 BCPEREE A1 Hap2 AT PIZEEE KRG b e B, AR SRS
AT (1 3), JREoR AR SR R R — RAR B 2 R AR AR A T R
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R34 . Hapl F1 Hap2 7EREAAR A1 1 43 A1 A% BH
BT AR, BN 2 MEEARATI,
DUAT BB BE RS, 2 TR A S B R
2.5 BEAETIRIET

PRHE A2 TR R TC A M 360 20T 2 Bk
FRBE]T LB E L, Tajima's D {H4 - 0.346
(P>0.05), Fu's F,{H N - 3.960 (P<0.05),
Fu's Fy PRI BR AR 8 R 25 1 kit
AR, B2 AR R AEY SIS . AEXT 4
ik 5 2 ~, Harpending's $850f1 SSD K4t it
o5 B 35 A i B8 A 5K ALY (H, = 0.134, P>
0.05; SSD=0.053, P> 0.05), [FIWERL
PR TC 70 A7 P17 W DU 5 B R A 17 o 28 S 40
HRFE (B 4, REAREIE LAY Tk IR UL,
R 75 & JFR A TR I ER 18

257 e WIIUE Observed value
o— HHEE{H Simulated value

20

&

g 1.5+

% .

e

B~

M 1.0}

L

e
W

0 1 2 3 4 5 6 7
EeXt 25 5 Pairwise differences

B4 BEPEREGE 2 MARERA X 216 B

Fig. 4 Mismatch distribution of two populations

of Pseudecheneis sulcata

3 Wik
3.1 FEIEAOk AR AR gt E ok
HEETRATIL T RIS T 25 7K
TR R AN 2R A AT e AR R
SO, SUE SIS, N X R4
MAFER R Z T (a6 1985), KRB,
T Ab A bR i R X R A A ) B R SRR
(BKFEIESE 1995), BRI RURA R85 7T 68
AL AESRRLE I SRR REE B A 3 50 A
W ey o AN AR AT o, S A VL A

RKIEA DA E AR Z KRR BRSO B, DA
e KU 45 DL (1) 58 it ] B 340 R SR 4R 31 3 BT 4E
ik, BB BE Rk T A 7E g SV A BLURE R
PRI TR OIS (1 o3 Ak =y, T R € kAT KU 25
17 2R R 25t 1T A 2 2 10 3 B Bk A [ 5 47 )
(I3 BRI AZ it o

LRRifk DNA 057 I R A %
AR T I B E AR bR 2 — (Neigel et al. 1993).
T I AR 2 1 IR A b BT DB S R AR K
by s (R ESE 2016, LREE 2016).
DAAH St B A3 R R R YT AR L R 1T B R
H2ZIUR «“BAR” 45K, MR — AL T
CEAR” SRrh B (Avise 2000, FFTE
BEAR EROEIEL] (Posada et al. 2001). 2%
T 55 B4 %) Hapl A1 Hap2 A 2 MRSt = H
Gy AN B iy TE LA R 24 B AR A T IR
SER RO, A B BE RS (A AH 2
58, AHFER, & HEHATIEAAE ARZHRE
AR (ERRHAILE 5 A, SBBEAILE 6
AN, i T AR, I A T AR A
B R LA TR I AT VL KRS |
LB 2 MHATR AR, 1A, AMOVA
TS RN, MEE AN R BN 2 N
TP EBAE 2L (Fy=0.090 44, P<0.05),
R TY (1 7 AT 22 S R AR (] P AR RO B35 4y
BB R . ESRFEE AT Kk B 2 A4
RS B 5 T e A A i s, (HIEAF A%
IR A5, 5 2 MR R A AT
TERERS, WX L A B B 2 15 BRI =,
HEESE bR R IR LA S BUTE 2 AN A
PR, HEW 2 AN ] ) 6 PR AR 159 215 2%
T, BIERAE T Hapl Al Hap2 ARTE 2 MEEA
(A BIAZHL, 17 AR R A5 B AR
I N NG
3.2 HIEAORAEEA D R3S

HEPEREE 2 AN TER A B 2 R PR AR 35
m (> 05%), MEREZFEEAHHEMREK (<
0.5%), 1t B 52 B SRR SLAE FH JG Fl i A A2 4
ik (Grant et al. 1998, Z=3CiH4% 2018), 1%
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T EREES T 23 A (1) Hh R A& B R T B BT A ik
SN T FEY K, BRI E R 2 FEE.
P ) L 2 LR R DA R A0 A (1 i 2R F0
Tt P55 #00 BF 25 BB T 30 1 3 26t B R
SRR . KAEY TR E A FERERNAZ R R
THERMZEN, BTy ke R, %
TR 2 FEE A RIE AW (Bowen et al. 2001),
TR mAR S (SR BA5E (Hapl
Al Hap2), o H 5 Bk LA i 7 st i
i 2.

gtk £ 1S () YR R A 5 7 R v DR 1 B
BHEBEAIRER, FkElEn 3 EAT
T2, SECTZEBEFN oA AN A B3 53 A
RIER CECESE 1981, R K% 1991
b, 555 2001, TRIZREE 2012). A
LR LK R R RS, k) R ST vy i %
KRR R B A3 DA ke (s Tk
1985), T A& A VL Ik A} 0 28 EE A A T F
eI, WIRE AR —. s b
b3 =8 RN SN PR N
TR AT BANF AR R, KATERES 3
JIAEHT T R R v, 285 T RIRR
WEE ALK R, FEE A RIS A 15 LA
W, RIS G AMATIK R (RS
2008, A7 2012). RIS Cyt b
FERFHEEE JI4E 0.76% 1 HEL % (Zardoya
etal. 1999), MRIEHHEFEWKCyt b FEF AL H IR
ZAEE S T B e B AR SR AR R A
TR TR R ECN 11.58 JIAERTA 9.47 Ji4EHT,
XA 5 AT KU TR T T AR ) A

AR, RIS SIS
W R RBARE, WA E T
IR SCAE 35T R AR 25 B 2 A P 2 A 1)
(FEHTIE 1979, XIHFZE 20100, HEE A
RS2 DAY P 2 65 5 AT ¥ S A B AT U e 1
HfG . (Schizothorax o'connori) BEAEE Ai T
K23 DA IREAR P AR 638 st ik, BR
(PIVRAT S 7KLV 22 T B ) A 25 o e s L

A A E R (He et al. 2009), BIABR%A
X E R AL A SR IVE A o 2 BEAE kAR L
gtk 2, R fE TE ok, IR RS T A
K GEUEEE 2018), HHEMTERES AT Kk o
BRI REH, SR BERE kI 2 R AR R, R
S AT T T U AR 5 B 2R A PR A S 2 5 AT O
FZEERE 7743 LLZ W B Rk DL E X,
MRIRB T G , B AR B TE RIS DL Kk,
HEL R E A . T RN ANE KN
WIRIE 2 BTSSR AS B (RE %
& 2012, WiRBE 1982), M iE PERESkIh AT 1iT
o7 REHIESEEA R G™HE% 2018),
A f e DA KU 23 7K ST 34 ) BB 1 4 B R
TSR AT I P T, 4 T A T b ) A
WJme Hah, TR BN R ) A AR
BEAIASAG A, R — i BB AR VL R 7K
R E ST L (B 2015), SBARE
PRI EEEER A 3 F1 4 A, 1 BOREEA
FEETER A9 7 H, RISEBEREEk 2 SRR
B BIAHBR B K AR, &0 R —E
AR FERR B, X R A it = AR g o AHIF 5
AR F B A JE B 7 31 4 F AR g AT T A ORI
i, HIEA VIR Fhrid TP
Frid SSR. HUZH R 2 & PEFRIC SNP) X3 B
FERE AR 45 7 [ FLIB G 2 FE R AT A2 TH 404
2D 7N KU 23 0 RV A R A AT A% R I
SEMIYER
3.3 HAMEEIERBEA R ERE

T B R ok 7 5 8 A VAN o A T R
(BRFAEE 1996, Gk 2018), /A0 XA,
FhEEHED, T R R R, S
AT VL HH Ui 1) 35 BEARS ko2 U O BRI 4
AT, RIEA BR 2 NIRRT REAF AR
FARGE, H& B BER P ATA MRS R R
B, WAL SRR, TRTE T R R A S
N 2% BB N R AR B BRI, R
PR PR AR, 4ERERE AR,
G 7= R AR AR T e st AL 2 AR
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