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ET DNA ZRBHRRELEEMFHERHE

EFrak, kK, HERT, HAEK

( 1. BWHERY: s R G 2R 5 B S E S S0 %, g 2013065 2. _FUEIREVE R K7 F 5 R & 4
SR ERE S, FiE 201306)

 E: UZhitk €O 1 BR 475 00 FhRic i B & ¥4 4010 1 & 1 OGS 8. (Acrossocheilus paradoxus)
R VLA A B ER R CIB L (A. wuyiensis) FIYIFIA R . YEIE 8 (Acrossocheilus) 6 NFi 76 FEFEAH) CO 1 3
R 475 L1521 AR, SR IR R 2072 (MP) (S K ARSRTL (ML) A DL 4577k (BI) # #E19 R G K B W
2], B EOGR AR IO A AR . K 2-P SIS0 BoR B 10 1 5 i3 R 1 2 8] - 1438t
FRIE BN 0.853% ,im/NFCO 1 Z&TERSLEYIRN R Y 2% 5t 5 0E B3 BI{E . LA ASAP it 1k 4 B 45 R i m
BIELB A MR BN FE R, F, WYLam R FEE A S G ELB AN N F—k, RIDLE

14 G LIS R R 54

KR GEDLIFM; ZObiik CO 1IEN; [M¥)5F 45 ASAP I%&; Yifh e

HESES: So17 XERAREES: A

YtJE £ & (Acrossocheilus Oshima, 1919) 3R &
##IE H ( Cypriniformes ) ## 5} ( Cyprinidae ) #E £}
(Barbinae ) , 3 [ F 2047 T I L H IR K R,
A AE TR B VA R 5, D BOR S L T B A
AN T 2 iy N R OK
241 Fishbase %% # P ( htips://www. fishbase.
cn/search. php) B/R GE AR S A 47 R F1E
i, LBRIE1 W 5 44, HATATIA 9 A7 26 A7 30l
Hop 20 ANFPHDE A > AT TE P . R YR LS
TEAR R E IR E T T 4540 A g A
HRAN 73 3 08 25 B R A0 X 5 %0 1A 1 A TC 554 Ry
FEBFE, H T HA R 2, W — YR Al BE
PRI B0 455 1) AS [] 5 BORDHE ] HH BUE 285 22 5%
TN AR K T B BB 25 2 57 B M I 6 1 S
T RIAEAE S R BOGIE & Py F ) AR 2 Ui 2
Prih e R ME, H RTS8 Al g 8Nl By
BB RIER

F ) A 1 S A I L A R 5 VS 5 PN A ST )
RERZ RS HE 2R, I X BOEE s fh
BB TR, S 8 B LRI I,
XL 1 A R0 R b B 53 AR 0] 2 A AT SR AT

IFE BHA: 2021-04-26 EE B 2021-06-11
BEE&WH: ERARPAE4S(31872207)

FEI, 0 (R SO M S 2156 A B
B A, fasciatus ( Steindachner, 1892) . & 15
YtJEfh A formosanus ( Regan, 1908 ) & & Mt JE
1 A. labiatus ( Regan, 1908 )3 Fj , B fafl)E =
DGR IR I3 AT T WL AR S, 5 VDGR TE
WHTALA 43 i . SUNG 461 SR I TR B A,
B R KFOUR R AR T b, REKHHE
F R E—Fp R) & 7556 F 4 A. paradoxus ( Gunther,
1868) JFA KR A IEFA RN ™ . YUAN 21 1)
LRI P9 1) RGBT, 48 th RBEAR
FATRK R 2 0 A1 1 )R TR G IR A DG I 48 0 y
[, T 01 T ) VLY JEE O s s A s
RFEM A, wuyiensis(Wu & Chen, 1981) K]
W4, RIOCIE oy AR 4 o )5 I8 5
TERLIK cyr b TP RWT TSNy B HEDLIR s iy
ATERBHEVIK 2R, Jf 4 1 & OGS I Tk
eSO/ SE NN TR s R L BrNe)
U R R 2 RN 4y TARIT K 6
Bt SR S B ST 4R 5 YUAN %51 3 K i
IR 01 53 S5 FA— B, HOU %5 S T4
BRI o RS R F OSBRI GG

EE®I AT oK (1996—) , & LA A  AFFE07 8 K AR £ )% . E-mail: jaywrd @ 163. com

BIEEE: W44, E-mail ; jqyang@ shou. edu. cn
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Bt SRIOCEMFEL R, B, A
AN EERA 1 OSBRI GEC A, 5
PN IEw S  = By Bk o LI | = B oy g 1 L
SV FTESRAFAE SBE 0]

DNA £ JE % ( DNA Barcoding ) 2 | Ff DNA
JEST A T S W A E T BT E
AT FUAOAFAEA N M, A2 B RO ]
KB B ), 76 AE LR 4 1 A A B A
P82 N T R % E R AR 2 R T
FEHE o1 RN BAVHLERE T, 5 T
BASE 5 A N R BIAER DNA S00B48  BF5T
T, CO 1 BEPRTE 2R ) A A8 w5 () P b 4 o
AIEEPE, AT DLAR 47 Hb [X 53 29 98% 1) g v fa 25 il
93% [RIRK 2D AR B €O T 3R
B S oA TS R b od =< R o i A T2V
FOLIF PRI R, LI 8 i oy 050 55
PR

1B ik

1.1 BEARRE

BT bR A4S SR 4R T 2011 4 5 H—2020 4 7
Ho Mt o 2 2055 JEAT 0 2 %52, AR5 4 T
YUAN “6 Ffamei ' B au s B, sk i g
PEREAR BEAT 307 45 3 A T WL K RIFE 4 R
IEN = =2 R b /=R WD ) =R L 0 T G A
AL DR, A 6 Fiotsfjm Mk o >
PR FR R AL 76 BAEA, 5y Ah R UK Jr SRSk
( Garra orientalis ) B J& 1 ( Osteochilus salsburyi) Fll
£ 75 H 4 ( Onychostoma barbatulum)3 Fh 4 FEFE
RYERINEHER T RERE 510, AR E % E
UM LA G, BT 95% S g,
JRAARA ORAT T LW 7 R 2 2R AR 3 (R
1)

x1 AEEEMOEAFER2l MRAGRENSHMERBENBEESHFS
Tab.1 Sample information, distribution frequency of 21 haplotypes , haplotype diversity (%)

and nucleotide diversity (7r) of Acrossocheilus

v o oIk . v ot

i e RERHC A i WM GRS
Speci Locali Sample  Haplotype Haploty Haplotypes Nucleotide

pecies cation size number aplotype diversity (h) diversity (1)

BI56IE L A, paradoxus ;é\:{%jf( F]fﬁ(%‘ 15 3 APal (9) APa2(2) APa3(4) 0.5905+ 0.106 0 0.001 74 +0.000 36

TIKZE MR
e T . AWyl (6) AWy2(5) .,
IR A, wuyiensis W 9T 32 4 AWI3(4) AWALT) 0.6633 +0.068 1 0.000 82 £0.000 11
et Al .. N, AHI(1) (AH2(2) ,AH3(6) .

=<yl . hemis, s ¥ . +0. . +0.

RDEIE L A hemispinus [iE] YT 15 6 AH4(4) AH5(1) AH6(1) 0.790 5+£0.078 5 0.001 78 +0.000 42

WML i A, wenchowensis YT 5 2 AW1(2), AW2(3) 0.600 0 £0.175 3 0.000 77 £0.000 23

TGS A, kreyenbergii ERYFIL 5 3 AKI(1) AK2(3) \AK3(1) 0.700 0 £0.218 4 0.001 03 + 0.000 39

YeJEt A, fasciatus [HRANRE S/ SN 4 3 AF1(1) AF2(1) \AF3(2) 0.8333+0.2224 0.003 01 £0.000 82

J31 Total 76 21 0.9158 £0.017 8 0.053 03 £0.004 08

W 55 AR LTI S R OREA R, APa. A. paradoxus; AWy. A. wuyiensis; AH. A. hemispinus; AW. A. wenchowensis; AK. A. kreyenbergii; AF.

A. fasciatus .

Notes: Number in brackets indicates the number of samples sharing the haplotype.

1.2 E[FZH DNA $2E{.PCR ¥ & ERE N F
FRHAETAEY TRA R (RifE) sh 5L H A
DNA 2B & 25 DNA, #) ] NCBI Primer-
BLAST #3159 (#2) . PCR 4 341K R A 25 pL
3% : Tag PCR Master Mix(BBI)12.5 pL; ddH,0
9.5 ul; L FiBI4% 1.0 pL(WE 10 wmol/

L) ;DNA f5ifz 1.0 pL, W FRF:94 CHiAs Pk 4
min, §71% 35 M EE (94 C A 30 5,53 CiB 2k
45 5,72 CHEH 1 min) , )5 72 CZE{#H 10 min,4
CORAE . ER FIA TAEY TR AT,
T CO T PR, R DR b 7 i 1k , 3%
(2 M7/ M (51 R DS 1

http: //www. shhydxxb. com
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xR2 CO1¥yi3|4

Tab.2 Amplification primers of CO 1 sequences

5% Primer W75 (5'—3") Primer sequence(5'—3")
CO1 -F5421 ACCTCTGTCTTCGGGGCTAC
CO1 -R7212 TGGTGATGCTGCGTCTTG
Mid - F6109 TCGAAATCTCAACACCACATTC

1.3 FIltxt 554

JH DNAstar 711 SeqMen' " {32 Bl F 16 [A]
PHEIFHEAT AT IE, 1 MEGA 7.0 %t 741
BEAT B I 0 A A2 S A AL, JF ] Kimura 2-
parameter F5 5 $ 55 F ] F0 Fp Py a5t 1L B L
DnaSP 5. 1" B R85 1B U, THRL S 5 0 &
FEE Haplotypes diversity (b)), #% B8 £ #f 14
Nucleotide diversity () .
1.4 RZREXESTEHMAE

R B F AR 72 ( maximum likelihood , ML) |
5% K18 297 ( maximum parsimony , MP) A1 U1 -3
% (Bayesian inference , BI) 4%/ T R G K H M o
FI ] jModeltest 2. 0"°" ) AIC ( Akaike information
criterion ) AR Y B FERCHY (TIM3 +1) i ]
PhyML 3. 0" ) # 5 oL 48 (ML) %, i 5
1 000k #&Z A 28 MM G EA5 B .

SR Mrbayes 3. 2. 6122 3347 D1 -3t 4 8 ( BI)
O3 AT, LABEAILA e i bt , B AR S50 Nt 30
N6, R RFFREEM 525 K& (Markov Chain
Monte Carlo, MCMC) J%, [HBfiafT4 45 /RF)
KB (1 ZRV 5E M 3 JceE) 125 1 000 54K,
1 000 YREUFE 1 IR, e d5iia BT IR 25% BRI
AR, B BN EE R WS B AR SR TE U 250N
F0.01 1Rz 5 #4452 A9 — B 1] FigTree
1.4.0 &7 I 9l

i PAUP 4. 0" S B4 0 47 5 K 17 249 9%
(MP) R G¢ & F 4341, R A & 48 R (heuristic
search ), B — 4§ 4y T4 & #& ( tree-bisection-
reconnection, TBR) ) 73 3 58 ¥ 1:. & A0 M ASE
2 ( stepwise
sequences & B N 10 ¥R, %54k (transition, Ti) F
Hii 4t ( transversion, Tv) % & A A [H] AU A&, 43 52

addition tree ), random-addition

http: //www. shhydxxb. com

EIEELL 1 000 ¥k B 5] 5 (bootstrap analysis,
BP) 15 PEAh

LI ASAP ( assemble species by automatic
partitioning ) A YR AL AE KGR #0453
1R 55 A ASAP R34k ( https ; //bioinfo. mnhn.
fr/abi/public/asap/asapweb. html) iZ 1T ¥ Fh A &,
K Jukes-Cantor (JC69 ) BRI HEA T 4347 .

2 4

2.1 COo 1 ERAFIFFE

XA M F TAOE, 158 CO T HHF 42K
J¥5 1 551 bp, 5hih 517 ANEIERR . Hr . fR5F
1% J5 ( conserved sites) 1 298 />, & 83. 69% ; 1] A%
v )5 ( variable sites)253 4™, 5 16.31% . fajZ12
B 7 B5 ( parsimony-informative sites ) 247 >, 5§
15.92% ; B 28 7% vf /5, ( singleton sites ) 6 4>, (5
0.38% JARILZH A =27.0% T =28.9% , C =
26.7% M G=17.4% , A +THEERKSH N
55.9% WIRm T G+ CHEHE(44.1%) . ZH
PR 2H FSCE R 5 B S 8 A D ey 1
2.2 BEASHBELARBEESHGE

6 il 76 FE R A SR AG I 3] 21 Fh B
B SRR AR RN BN 2 ~ 6 >, PR
W Z e () 5 0.915 8 £0.017 8, SE¥ R E
BEPE(ar) H0.053 03 £0.004 08 (1), itk i i)
B RR Z ARV th T R a] o3 AL B R BT 2
BROGIE KR A AN K R HARARR S, KR4
TR A ZRE AR RS A0 T 0. 6 A By rh &%
IR AR ZAEE () £ 0. 001 Zity, 52 IR
HIRZFEAEAK, HodiR MDD A s
A% IR 2 A P AR, 3 g O 0.000 77 Al
0.000 82,
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2.3 RB{EREXR JRCT AR, R R AL T Y SRS, B

PAAR D7 88kt GUR R 57 3 AR S
R, R MP ML Al BL 2% 3 B v 73 A AR
GUR TR, AR R 3 M 1 41 4l b B A —
H(E ). 6 Mot mbRtE fIMNE % AE

85/68/0. 73

EDLIR MO 1 R 5 AR, BA B i
SCFRA(100/100/1) ,EATS IR i G HDOL IR
NFE IR f 2H A A A A LR

l A. fasciatus
| A. wenchowensis

A. kreyenbergii

44/64/0. 94 APal
APa2 A. paradoxus
APa3
100/100/1 %YZ
92/92/1 szz A. wuyiensis
AWyl
AH3
100/100/1 At o
100/100/1 A6 . hemispinus
AH1
_ AH2
Onychostoma barbatulum
100/100/1 Garra orientalis
[ L Garra orientalis
I Osteochilus salsburyi
0. 04

Sy SO BEHCE BIRY
PP),

T AU MP/ML/BI 43 #r#) B 5% (bootstrap value, BV) FlJi5 36 HE % ( posterior probability,

Branch length is taken from the BI analyses. The numbers on the nodes are the bootstrap values and posterior probabilities from MP/ML/BI

analyses.

1 &EF Co1EAFFIRARKELZE(MP) RAMHA (ML) FAHHE (BL)3 fA RN RELEH
Fig.1 Phylogenetic trees derived from Maximum parsimony (MP), Maximum likelihood (ML) and
Bayesian (BI)methods showing the phylogeney of Acrossocheilus based on complete mitochondrial CO I sequences

2.4 MERE

FIIRRD P78 K 2-P 4 06 59 4092 3
e FPEAEHIES J 0. 077% ~0.302% , Fi il
fRE M 0.932% ~10.826% . Wil M Al itk 1%

FEERE LG IR 5 iDL F Ay g2 i
B/NT 2% , 9 0.932% , o i MOt 50
JE e FOEIR L BB 4% ~ 5% , HiR
5o ) ) 38 A B B B AE 10% LA Ko

R3 AEEEREN.BHEE K 2-P BEHERE

Tab.3 Average K 2-P distance between and within nine groups of Acrossocheilus populations

Wb BEUEA RIDUEM  REDUsEM ENDUEfM mIOUEM s
Species A. paradoxus A. wuyiensis A. hemispinus  A. wenchowensis  A. kreyenbergii A. fasciatus
BIBEM A. paradoxus 0.001 75
R FEIEA A, wuyiensis 0. 009 32 0. 000 83
i SEIE A A, hemispinus 0.105 08 0.102 11 0.001 79
TR G JE 8 A. wenchowensis 0. 108 26 0. 100 56 0.072 75 0. 000 77
o RGBS A. kreyenbergii 0.105 14 0. 100 29 0.078 27 0.047 97 0. 001 03
B A. fasciatus 0.108 23 0.103 34 0.076 66 0.040 23 0.055 95 0.003 02

http: //www. shhydxxb. com
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ASAP Py fib B 5E Sr M 45 R B (K 2) , BRAb
B3 MRS IR R o 5 B i, f A L 5
LD 5 2 BECR 5 3 TR

Nb groups [21] [14] [11] [9] [8] [7] [6] [5] [3] [2]
Scorc [8.01[6. 0][8. 5I4. 0][1. 01[3. 51[5. 51[8. 51[5. 51[7. 0]
Onychostoma_barbatulum ] ] B 1 B B B

HOLIE i 5 4 BEN e ROLE L 265 S B B
& £ K FOEJE A, ASAP Zp RO AR Y Ay e A4
gg'éO

49

=]

L

A:HW%

CHY-
H

L=

L] e

4 Ll‘l Lg!

L

. Wy-WY-07
A Wy-WY-12
A. Wy—wY-25
Garra_orientalis

|

U
L

H =

Garra_oricntalis(2)

Osteochilus_salsburyi

B2 ASAP YT REEHDTER
Fig.2 Result based on assemble species by automatic partitioning method ( ASAP)

3 it

HEBERT 22 $2 i 3LF €O T JLH 5%
SOl O e o 1] 358 2 B 8 A 201K F ol P 5
fRBE B, T HOBE B 2 5% K F 10 f5. I H
HEBERT™ 3t #h# 5 11 4~2h1] 13 320 4 fh
UEATRIFSE K B ol P 014 3 A% B B0 46 K 2 B0 T
1% fRAH KT 2% . RIFFREER LR, G
B 5 VTR FOLE A R R B,
IRAERE ALK 0. 932% , L s /N T 2% |, 1 3% R A
A 5T v [ J L Ath 4 b 22 i) A 38t £ B B 2
1T 10% o JAE 33K A 00 ol T ) 3 A% B S R o
SR BB N LR B SO (0. 175% )
REIEfE(0.083% ) 1y 10 5 LA I, {HLL ASAP
PR AL B AT 45 R B T IR fa MR 3ok
JE AN — R, JU D g R, B
YL & OGS R B A & BB R
e, MRTE AL 4 AR, ) VLARRE (o sk ok
[Bth) h— RS G ALY B B R
ARG FR |, 65 V8 AP0 R 4L B W A B R
HUHIREEIC ZR , 22 BA [ VT AR RE 5 45 125 30 X 0
R RGO R EHE, R BN TS SIS
TRRPER] AU SR 2 R o 8 I A AR AR T S RRAE
R, B R ERRE S 80— B, 15 0 B Y oy 2
o, R IR S5 A R /NI 1) 22 5 X A
52, AN R IR 0T 8 AR AR R 4 b 1 2R ) %
YA a1, 15 B A TELIE bR 1 8 R AR R

http: //www. shhydxxb. com

Gy R0 2% 05 GG 1 TG A0 Ui ) 2R AL (6 B
Vs 9 &) . B, A B AR E B SRR AR
o e F S 711 NP~ s 7 1 O o R v S
FtJE A A. wuyiensis( Wu & Chen,1981) 5 & 7558
JE§ 4 A. paradoxus( Gunther, 1868 ) i} [a] —#y i,
RIDCIR N G EOE A FEY) 54 .

RERM R RE LT KRBTSR B
B8 5 M VLI &V OGS AR L R A TR R
T H YUAN 2510 B2 S S0 i ) VIR 5 15 1 50
GRS [ 0 AR, JU 267 R 45 5
SCRPMVLANEE S — Fphi 2 o PR Tz b,
Z/D N AZ G S LR BV P A HE AL 2 R
(evolutionary significant unit, ESU) 43 5] #F 17 1%
o A RN, VLA & T 1 & 15 O6E s
FRSHE AR AL T HARKY- , M VL FP R AZ 1R
ZHEPER L G I TP RE KT SEAR, DS B Vb B
s PR A

SE

(1] fHER3C, BCE, 5HE, & PERER@AEEIM]. &
g BIERAPOR AL, 1982
WU X W, CAO W X, YI B L, et al. The cyprinid fishes of
China [ M ].
Publishers, 1982.

(2] Bz BRILMKEIM]. Jent: Bzl ek, 1989.
ZHENG C Y. The fishes of pearl river [ M ]. Beijing:
Science Press, 1989.

[3]  Zkood, DLFR, &, & taEaEiIM]. @M.

Shanghai: Shanghai Scientific & Technical



4 34

FIRIE, ST DNA KB A RO ) Fi A 2ok 863

[10]

[11]

[12]

[13]

FERHEBOR AL, 1985.

ZHUY D, WU H L, JIN X D, et al. The fishes of Fujian
[M]. Fuzhou; Science and Technology of Fujian Press,
1985.

oo, M, SR, % PR, B ag,
SOEH(F&) [M]. Jeat: BR2 i, 2000.

SHAN X H, LIN R D, LE P Q, et al. Fauna sinica,
Barbinae, Cypriniformes, Osteichthyes [ M ].
Science Press, 2000.

R, BRIHT, B, . mEDB AR —HRT].
wF R, 1981, 1, 126-128.

WU X H, CHEN H X, CAO X Y, et al. A new species of
Wuyi

Beijing;

fish of the genus Acrossocheilus from Fujian [ ] ].
Science Journal 1981, 1 126-128.

SUNG W S, LEE S C, YU M J. Taxonomic status of the
fishes of Acrossocheilus formosanus and A.  labiatus
( Cyprinidae: Barbinae ) from Taiwan based on isozyme
electrophoresis [ J ]. Bulletin of the Institute of Zoology
Academia Sinica, 1993, 32(2) . 127-139.

SHEN S C. Fishes of Taiwan[ M]. Taipei, China; Department of
Zoology , Taiwan University,1993.

YUAN L Y, LIU X X, ZHANG E. Mitochondrial phylogeny
of Chinese barred species of the cyprinid genus Acrossocheilus
Oshima, 1919 (Teleostei: Cypriniformes) and its taxonomic
implications[ J]. Zootaxa, 2015, 4059(1); 151-168.

JUY M, HSU K C, YANG J Q, et al. Mitochondrial diversity
and phylogeography of Acrossochetlus paradoxus ( Teleostei:
Cyprinidae ) [ J]. Mitochondrial DNA Part A, 2018, 29(8) .
1194-1202.

e, hEDGE AR RS D]. L. LI
FERH, 2019.

HOU X J. Phylogeography of genus Acrossochetlus ( Teleostei ;
Cyprinidea) in China [ D ].
University,2019.

HOU X J, LIN H D, TANG W Q, et al. Complete mitochondrial

Shanghai: Shanghai Ocean

genome of the freshwater fish Acrossocheilus longipinnis

( Teleostei : genome characterization and

Cyprinidae ) :
phylogenetic analysis[ J]. Biologia, 2020, 75(11): 1871-
1880.

WARD R D. FISH-BOL, a case study for DNA barcodes
[M]//KRESS W J, ERICKSON D L. DNA Barcodes:
Methods and Protocols. Totowa: Humana Press, 2012 423-
439.

RGeS, #% Je, TSP DNA IR ISTE a2 H YA
FUGERRNAIT]. BRI R, 2015, 24(2) .
203-210.

XI X Q, BAO B L, ZHANG S Y. Application of DNA
barcoding in species analysis of fish stomach content[ J].

Journal of Shanghai Ocean University, 2015, 24 (2) . 203-

[14]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

210.

HANNER R, BECKER S, IVANOVA N V, et al. FISH-
BOL and seafood identification: Geographically dispersed
case studies reveal systemic market substitution across Canada
[J]. Mitochondrial DNA, 2011, 22(sl): 106-122.
WRHAE, PR, Bl 2T DNA SR I QAWK
WHEME AP FAEE[]]. LlEEREER,
2018, 27(1): 1-7.

CHEN Y H, HE P M, YANG J Q. Molecular identification of
fish eggs in Enteromorpha of Rudong sea area based on DNA
barcode[ J]. Journal of Shanghai Ocean University 2018, 27
(1):1-7.

LAKRA W S, SINGH M, GOSWAMI M, et al. DNA barcoding
Indian freshwater fishes [ J]. Mitochondrial DNAPart A,
2016, 27(6) : 45104517.

SWINDELL S R, PLASTERER T N. SEQMA N. Contig assembly
[J]. Methods in Molecular Biology, 1997, 70 75-89.
KUMAR S, STECHER G, TAMURA K. MEGA7: molecular
evolutionary genetics analysis version 7.0 for bigger datasets
[J]. Molecular Biology and Evolution, 2016, 33(7) : 1870-
1874.

LIBRADO P, ROZAS J. DnaSP v5: a software for comprehensive
analysis of DNA polymorphism data [ J]. Bioinformatics,
2009,25(11) ; 1451-1452.

DARRIBAD, TABOADA G L, DOALLO R, et al. jModelTest 2 :
more models, new heuristics and parallel computing [ J].
Nature Methods, 2012, 9(8) . 772.

GUINDON S, DUFAYARD J F, LEFORT V, et al. New
algorithms and methods to estimate maximum-likelihood
phylogenies: assessing the performance of PhyML 3. 0[ J].
Systematic Biology, 2010, 59(3) . 307-321.

RONQUIST F, HUELSENBECK J P. MrBayes 3: Bayesian
phylogenetic  inference under mixed models [ J ].
Bioinformatics, 2003, 19(12) : 1572-1574.

SWOFFORD D L. PAUP phylogenetic analysis using parsimony
( * and Other Methods). Version 4.0b10[ M]. Sunderland:
Sinauer Associates, 2002.

PUILLANDRE N, BROUILLET S, ACHAZ G. ASAP. assemble
species by automatic partitioning [ J ]. Molecular Ecology
Resources, 2021, 21(2) : 609-620.

HEBERT P D N, CYWINSKA A, BALL S L, et al. Biological
identifications through DNA barcodes[ J]. Proceedings of the
Royal Society B: Biological Sciences, 2003, 270 (1512) .
313-321.

HEBERT P D N, RATNASINGHAM S, WAARD J R D.
Barcoding animal life: cytochrome c¢ oxidase subunit 1
divergences among closely related species [ J]. Proceedings
of the Royal Society of London B Biological Sciences, 2003,
270(s) :96-99.

http: //www. shhydxxb. com



864 o\ w7 ok % ¥ R 31 %

Species validity of Acrossocheilus wuyiensis based on DNA barcode
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Abstract: Previous studies have shown that Acrossocheilus paradoxus from Taiwan and A. wuyiensis from
Minjiang River are closely related species, and they are difficult to distinguish in morphological
characteristics. Therefore, the validity of the two species is still controversial. In the present study,
completemitochondrial CO | gene sequences were used to investigate the species validity of A. paradoxus and
A. wuyiensis. A total of 21 haplotypes were obtained from 76 samples of 6 species in the genus. Phylogenetic
trees constructed by maximum parsimony ( MP), maximum likelihood ( ML) and Bayesian ( BI) methods
showed that the two species formed a monophyletic group. Genetic distance analysis showed that the average
Kimura 2-parameter distance between A. paradoxu s and A. wuyiensis was only 0. 853% , far less than the 2%
genetic distance threshold of DNA barcode among species. The ASAP method we also used to build species
partitions, the result shows the two species were classified as the same species. Therefore, A. wuyiensis
distributed in Minjiang River and A. paradoxus distributed in Taiwan should be a same species, and A.
wuyiensis is the synonym of A. paradoxus.
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