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IR & RRVEIRRIL

TR, x#E', EAWY, FHF, BB, $HERNT
VAR KRFEmE %R, WKARTRSABRERAENESLRE,
HEK  400715; 2. VLI VE 2 B AR i BL 22 22 B, KL Bl R IR 5 R A
P14 s aese s, DIl YT 641100

S

[E ] BEFoaat ek RE LT X ZMREEMN.

[ 7574 ] A s g3t PCR 4 3 fu S 548 49 &, 3E3K15 240 £ 771,
WMET 8B 20 M MK, RA2AMAKRKERE (COL . Cyb) f
3ANZAEE (IRBP. RAG1 #n RH) Bk & W ik, #1777 RAAKXEMEE.
Ak B T e A 4 M EE 2 AT o

[ 2550 ] 2 F R e & A0 2 o & K L4 A (Maximum Likelihood, ML)
o Lot A4 (Bayesian Inference, BI) By 46 #4545 — 30, &AL R & B
HBZRER, DAL N DB TSR TA2 A, P, PHT
MeEEHE. “EHRE. XEME. ZAME. DHEREHE,
AT A AE B B Fe B, B TR R B £ W ML fr Bl
GEE T &

[ 250 ) Wi Rl Bt [ A 2885 B FEM | BRETAH LMK,
HOET (4 2415 B 7AW AR e, R LETH (4 17.17
BFE—39BFEMBERNMY I NAL; MEE DA LKW E
g, DA EEARE TR ERELY SE . 9, DHE
WMEHNE EHX, HHE. Bl DB Fde kB w3t N & B KL,
RILE, XWADHMA A LG FE DL RS E S E
FUMWHKFR. AHRHH#A—FHARMBBH 2L RBEMRESE TR
KEZE: DA, SEBEHRKE; FAKFE; 4 T4H,; £HHEF
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HRREZL, Hive rEwrRESHER, @
=TT YRR R G L& & LR B EE 5
Wz, Gekiik 5% PG 4 B ]
AR L o (1] (S T S b AR sl A% 3 R A%
B FHIP R RA - R, HAS B R 45 R a]
i B =Y,

] P A2 3 T U R R 28 2 R e 0 10 Bk
BHOKEHATRILR 532, VRN R &
BRAIFANWE, Fo)E A A —E R
il o Fang!"? MRYEHR T ] . Z50F0 X 1] S8 R AE X
FEM 13 FhVPBR AT T RE4IE, KUDHK
B MUK E (Botia) RIS (Leptobotia).
R P A R E B 22 SRR 2 AR IR RS
FREHEATH A, W BV SE (Parabotia) 1E R
—MNERE, NI E BV ERE R R R
VIR A R 4 A . Nalbant™ K v B4Ry
2 ™% (tribe): Leptobotiini 1 Botiini, Ff K 1€ ik
W JE 2 A R Bk E (Sinibotia). Kottelat!! B K
HAL T ER (Yasuhikotakia), ¥+ Hymenpphysa
A BRI (Syncrossus). BJE, BORBZ
VBB PPk FRT X, HL VD BB b A Y
RAE KRB XRFZWHE) Z M5, U0 Sember 5!
BT AAAAIER Cyeb % EER RAGL . IRBP Xt
UWIREHOEHAT T RE R T RRMEE, N
VKR AW S VR EIE R (Botiinae) F13H
fifk 7 7} (Leptobotiinae), VLKAl ) A2k g A1
% R B G R 2R, VD S RN BRE
(Chromobotia) H. N HHIRIEHE, WEBHK LA A i)
Mk Jem AN R VD SRS B GH R EHE, HAS TR B
ZAERE, HS2E, SlechtovaZ: ! | FHZE KK Cyeb
1 12S RNA H @V EHE KR RELFW, A
R E IR IFAR R R KR . S BRI T
RO TAE, VBRI R 0 A 80k,
&R R RS kB XA A1EE
e, D3oh, Mrat BAEN WG ML SRR
SR 0 AR IR TR IR & . 2R E i),
Bt 5 el G R ] PO ORI AL, (HIR R AT R
Y2E 5 T IR

PRI, ASEgRXT 8 FhbafEl 21T Sanger
W, JEFET 12 FbsEHE2EAE NCBL AR
SR F S, FIHZRAZERE (COT . Cyrb) Fl
BN (IRBP. RAG1. RH) FEHVIATLE0HT o
K H K AL AR B (Maximum Likelihood method,
ML) Fil D1 - 37 #E K772 (Bayesian Inference, BI) #4)

AN A ML F1 BT RE LB, JEmiH4T v 6
FHOREMRFE R T RR, FEXDEAaEE
SyAGHT RUFN A Yy o B2 AT WD 9, iz
B AL AR R AL 27 A

1 MES T
1.1 FEARRE

ARGV R TSR 2 1Y 8 J@ 20 Fi,
L ST, H, M GenBank F# T 124
YIRS R P (B 4 AN ASE 5T T 3
o AR RRE R ETAES R (TR
KGR Y M (BRI A ) MR ER K
AR A A ) UPER 1) AR IR SCSERY A
Siebert™ XJHEJE H 2K R Gk B LR WA,
TR ERE T 12 FAEEKE} (Cobitidae) 28 4FE A 5k
K, REMBFEATHILANSEE K, HE
TAH 95% LWEM S mL KA E T, AT
=20 °C VKFE N, BT A3 AR AR T U R R 22 IR
KA GIE G A R B A W E AL E
PNE 8
1.2 DNA {2E{. PCR ¥ &5 F

ARG ZHORE AR e R v B A 4 1) 42
LRI ZH DNA, YA i /b ol e R v B b 4
RS R A ZARLFR}, >R DNeasy Blood and Tis-
sue Kit (Qiagen, #E ) 1207 G # UL N 41 DNA,
WAL RES B 2
DNA & F—20 °C UKFARAE4H o

HEAT PCR 4 B4, GO A PR Ar i A 2
IR 10 T 75 2 1 5 1 015 BLILER 2. PCR R A
R Z K 25 uL: 2.5 pL 10xbuffer, 1.5 uL MgCl,
(50 mmol/L), 2.0 uL dNTPs (2.5 mmo/L), 0.2 pL
tTag DNA A [10 U, FAEY TR (KE) A
FRAFE ], IEXBGIH4 1.0 uL, 2.0~4.0 puL )
DNA #47 (100 ng/uL), MIAGEKZE 25 uL, A
[F] B PR E 4T PCR 4™ 3 i Ay 2R A ik B o0 42 {ift i (1]
A AR, AR RO R RN R L 3.
PCR =W 28 1% B e WEEE RS L Uk A I, el B
Frécmy — . BHSEH) PCR F=4i%k AL KL A 4l
A5 HEA T AL o

1.3 BURSHh

5 7 4 e Ll AT W 3R (5] A R ] J 371)
H ContigExpress (Vector NTI Advance) 4347
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F=1 AR EDHBE XERR S FiRidAFER
Tab.1 Specimens of Botiidae used in the present study and the sequencing of five molecular markers
Fi TAEHE oEes S FAREI B molecular marker sequencing status
species locality label col Cytb IRBP RAG1 RH
LMK S. pulchra JPEMIM  Liuzhou, Guangxi SP-LZ01 MH027658 MH027697 MH027730 MH027768 MH027806
FMAESRK S, pulchra JUPEMISN  Liuzhou, Guangxi SP-LZ02 MH027659 MH027698 MH027731 MH027769 MH027807
LMK S. pulchra JUPEMIM Liuzhou, Guangxi SP-LZ03 MH027660 MH027699 MH027732 MH027770 MH027808
FMAESRK S, pulchra JUPEMISN  Liuzhou, Guangxi SP-LZ04 MH027661 MH027700 — MHO027771 MH027809
LMK S. pulchra JUPEMIM Liuzhou, Guangxi SP-LZ05 MH027662 MH027701 MHO027733 MH027772 MH027810
TERIES] S, reevesae PU)IlEH Zizhong, Sichuan SR-ZZ01 MH027673 MH027712 MH027744 MH027782 MH027821
TERIEER S, reevesae PUNII%EH Zizhong, Sichuan SR-ZZ02 MH027674 MH027713 MH027745 MH027783 MH027822
TERIES] S, reevesae PU)Il%EH Zizhong, Sichuan SR-ZZ03 MH027675 MH027714 MH027746 MH027784 MH027823
TERIEER S, reevesae PUNII%EH Zizhong, Sichuan SR-ZZ04 MH027676 MH027715 MHO027747 MH027785 MH027824
BEARIEEL S reevesae P9Il Zizhong, Sichuan SR-ZZ05 MH027677 MH027716 MH027748 MH027786 MH027825
BEARAESH S, reevesae #HKIE  Wulong, Chongging ~ SR-WLO1 MH027671 MH027710 MH027742 MH027780 MH027819
TEARIES] S, reevesae EREREE  Wulong, Chongging  SR-WL02 MHO027672 MH027711 MH027743 MH027781 MH027820
HARIEEK S, robusta JUPEMIIN  Liuzhou, Guangxi SRo-LZ01 MH027663 MH027702 MH027734 MH027773 MH027811
JEARSESH S, robusta JUPEMISN  Liuzhou, Guangxi SRo-LZ02 MH027664 MH027703 MH027735 MH027774 MH027812
HARIEEK S, robusta JUPEMIIN  Liuzhou, Guangxi SRo-LZ03 MH027665 MH027704 MH027736 MH027775 MH027813
JEARSESH S robusta JUPEMISN  Liuzhou, Guangxi SRo-LZ04 MH027666 MH027705 MH027737 MH027776 MH027814
HARIEEK S, robusta J7PEISYT Yunjiang, Guangxi SRo-YJO1 MH027667 MH027706 MH027738 MH027777 MHO027815
HARLESH S, robusta JUPEIEIT Yunjiang, Guangxi SRo-YJ02 MH027668 MH027707 MH027739 MH027778 MH027816
HARIEEK S, robusta J7PEISYT Yunjiang, Guangxi SRo-YJ03 MH027669 MH027708 MH027740 — MHO027817
HARLESH S, robusta JUPEIEIT Yunjiang, Guangxi SRo-YJ04 MH027670 MH027709 MH027741 MH027779 MH027818
HHAEAESR S, superciliaris PY)il#E Zizhong, Sichuan SS-ZZ01 MH027678 MH027717 MH027749 MH027787 MH027826
HAELESR S, superciliaris PY)il % Zizhong, Sichuan SS-ZZ02 MH027679 MH027718 MH027750 MH027788 MH027827
HHARIEER S, superciliaris PUNII%EH Zizhong, Sichuan SS-Z703 MH027680 MH027719 MH027751 MH027789 MH027828
HAELESR S, superciliaris PY)il#r Zizhong, Sichuan SS-ZZ04 MH027681 MH027720 MH027752 MH027790 MH027829
HHARIEER S, superciliaris PUNII%EH Zizhong, Sichuan SS-Z705 MH027682 MH027721 MHO027753 MH027791 MH027830
WEGUESR S, zebra JUPEMISN  Liuzhou, Guangxi SZ-LZ01 MH027687 MH027726 MH027758 MH027796 MH027835
BESUAEH S zebra J UGN Liuzhou, Guangxi SZ-LZ02 MH027688 MH027727 MH027759 MH027797 MHO027836
WEGUESR S, zebra JUPEMISN  Liuzhou, Guangxi SZ-LZ03 MH027689 MH027728 MH027760 MH027798 MH027837
BESUAEH S zebra J UGN Liuzhou, Guangxi SZ-LZ04 MH027690 MH027729 MH027761 MH027799 MHO027838
BLEH, S zebra J PE7iE  Lipu, Guangxi SZ-LPO1 MHO027683 MH027722 MH027754 MH027792 MH027831
BESUIEH S zebra J P95 Lipu, Guangxi SZ-LP02 MH027684 MH027723 MH027755 MH027793 MH027832
BLGEH, S zebra J PE7iE  Lipu, Guangxi SZ-LP03 MHO027685 MH027724 MH027756 MH027794 MH027833
BESUIEH S zebra J P95 Lipu, Guangxi SZ-LP04 MH027686 MH027725 MH027757 MHO027795 MHO027834
NIRTESR L. microphthalrna PUJIBEHN  Qianwei, Sichuan MHO027652 MH027691 — MHO027762 MH027800
NIRVESR L. microphthalrna VU)1AY Qianwei, Sichuan MHO027653 MH027692 — MH027763 MH027801
XBERN I P. bimaculata HK¥H  Luohuang, Chongqing MH027654 MH027693 — MH027764 MH027802
WBEENVPEH P. bimaculata HIKKHE  Luohuang, Chongging MH027655 MH027694 — MHO027765 MH027803
BRIV H P, fasciatus HK¥H  Luohuang, Chongqing MH027656 MH027695 — MH027766 MH027804
TR P. fasciatus HIKKHE  Luohuang, Chongging MH027657 MH027696 — MHO027767 MH027805
TEILRIVE, P, lijiangensis IN177222% AY625713* IN177289% IN177199% IN177213*
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FEERT
i T4k poEey S FARCI S molecular marker sequencing status
species locality label col Cytb IRBP RAG1 RH

a2 8 Ambastaia sidthimunki
8L B. striata
EENBRWEH B, lohachata
Kfltasfk  C. macracanthus

H IR L. pellegrini

SKHIH L. taeniops

REBIH P banarescui
PEAEI S, beauforti

VAT ZEM Y. morleti

PG Z8 Y. modesta

WL EH Y. lecontei

Vel Misgurnus anguillicaudatus
AKAR,  Cobitis elongatoides
JEUEAER]  Niwaella delicata
B Cobitis striata

TR Cobitis choii
MRICLLAESK  Cobitis lutheri
P WS Misgurnus nikolskyi
PNV

Paramisgurnus dabryanus
I3 2. e I Bk

Koreocobitis rotundicaudata
I ZR UL R T A

Koreocobitis naktongensis
Fifk  Cobitis takatsuensis
I3/ R Ak

Acantopsis choirorhynchos

AP011348* AY887849* KY356472* KU517025% —
KX946600* KY497066* KY356477* KU517029* —
MK572072*KU517085* KY356476* KY356509* —
KUS568785* EU282330* IN177266* KU517030* FJ197037*
IN177223* MT747371* EU409672* KU517050* KP695765*
MF122436* MT747359* — KUS517053* KP695766*
KC871158* AY625711* — KU517054* IN177210*
MK116360*GQ174359* KP695104* FP695640* FJ650470%
KU569085* GQ174375* FJ650483* KUS517083* FJ650471*
JQ661358* GQ174361* KP695105* KP695641* KP695767*
JQ661363* KUS517131* KP695106* KU517081% —
MF122502* AB473407* IN177287* AB531306* AB531362*
AP011344 EF012715*% — EF672423* KJ885739*
AP009308* AP009308* — ABS531285* AB531346*
ABO054125* AB054125* AB531281* EF458303* AB531387*
EU333980* EU333980* KM818240*EU670833* —
HQ536326* KF661563* MKO023464*EU670830% —
AB242171* AB242171* — EU711140* FJ197040%*

MH107300* AB473408* KP695114* KP695644* —
HQS536391* KX265421* KP695112* EU670841* KP695770*
HMS535625*IN607252% KM818226*EU670840% —

AP009306* AP009306* — EU409616* EU409643*

AB242161* AB242161* JN177288* AB531314* FJ197039*

VE: % RINMGenBank FEMIFF, “— RRFIIERK.

Notes: "*" indicates sequences downloaded from GenBank," —" indicates missing sequence.

Rx2 OFRCHEMUNFNSIER
Tab.2 Primers used for amplification and sequencing

of the molecular makers in the present study

FE A JF3(5-3") EE PN

genes sequences references

CO1 F-TCTCAACCAACCACAAAGACATTGG [24]
R-GACTTCTGGGTGGCCAAAGAATCA

Cytb  F14724-GACTTGAAA AACCACCGTTG [25]
R15915-CTCCGATCTCCGGATTACAAGAC

IRBP  F2-CTTRTTGTGGATATGGCAAAAAT [26]

R2-TGGTGGWCTTYAGGCACTTGT

RAG1 F2848-GCTGCAGTCAGTACCACAAGATGT [27]
R4420-GATACTTGGAGGTGTAGAGCCAGT

RH  FI-AAACGCTCATGTCCAACTGG [28]
RI-TGATCCAAGCAGAAGTACTTG

Prig, XTFREE R, TR AA 1T
NTHIE . PHEIE 0 ThRic 8dE 4578 MAFFT
V7418 P i 47 e X, BE S 7E Gblocks
v0.91b FRAFEY AT IR SF X 3R BE . ARAS R kL
A 3 PRRD A% 2 K P 91 7E NCBI 9 GenBank HiE
17 Blast 50 1E 5, MEGA X #fFB1 33 L A
JEH ) 57 FREAE

RO H T BRI R SRR 3L
A% EE A 7 91 #E 478K (concatenate), i i
PhyloSuite v1.2.2 F {4 L ki ik 3L K co T .
Cytb Wt & 4 mit £ 9s 45, PR % 3 [ IRBP .
RAG1. RH &4 M nuclear 504, &E¥H UL
() 4 3 3L I A o all 4R 45, 3145 3] mit,
nuclear fl all iX 3 MR, X TFHB MR BRI
) 325 IR P 910 5 o i A 1 35 TR 271 5090 Ak B 5
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%3 AW+ PCR RNEFMEEEE

Tab.3 PCR reaction procedures and temperature settings in the present study

R R EH gene
reaction program Cytb col RH IRBP RAGI1
TiAE P, pre-denaturation 94 °C, 3 min 95°C, 4 min 94 °C, 3 min 95°C, 4 min 94 °C, 4 min
A8 denaturation 94°C, 30s 94°C, 50s 94°C, 30s 95°C, 40s 94°C, 30s
1B K(50~56 °C) annealing 45s 50s 45s 40s 40s
FEfH  extension 72 °C, 1 min 72°C, 1min20s 72 °C, 1 min 72 °C, 1 min 72°C, 1min30s

ARPE-IRK-SEA, 3R,

X SEMH  final extension 72 °C 8 min, 4 °C{3AF

PEIR34I

HilEl. FH DAMBE v5.2.73 #0F5 X b 42 k47
B BE T R BE 7 B o A 5 FH AR SRR £ 25 4 A 4
W, A B % 4 PartitionFinder v2.1.15% 3% T
BIC (Bayesian Information Criterion) #E N, i 1%
3 R AE RSk B I B ae R AU
B b 3 AN EEESES BI#EAT ML RERT BI B 944
# . il RAXML 7.2.6 #5457 3% F R 43 X )
GTR+G A R F K BW, Pl B SR
EYLEEAT 5000 YORKE$7 1) 1 JR{E (Boo-
tstrap). mit, nuclear Fl all £ #5 £E 9 e (4 B AR
FHIS35) 8 GTR+I+G, TRNEF++G il TRNEF+
+G 5 GTR+I+G IR A HIAL, j# it MrBayes 3.2.6
B X A L B s A A3 i AT DL A, 3
T SRR R 8E SR %15 (Markon Chain Monte
Carlo process, MCMO)i#t 17 2x10° X iz &,
100 FCHEAT 1 IRFIAERE A, PR TIE 0 25 450 %R - 24
PER2ZE/NTF 0.01, BT8R, & FEHT 25%
EACFEA J5 15 3] — ZR (consensus tree), A
50% 22 B U T A5 B B A9 A5 Y S g6 A 3R
(posterior probability, PP),

-4V BT 18] 48 A all 038 £ 7E Beast
v2.6.6 AT v Al VD B RE £ 28 1) o AR BT
SRk HLAR HE K 56 (Likelihood Ratio Test,
LRT) HIWriz /s F 5 2 W57 & e ud, 45
RN, ZEIRER G TR, S ™
¥ A3 T B AR R (strict clock) XFZ B0 #E 472047
KA X Fm,, GTR B AARAIFI Yule BRI
1550 Hr . R T 2 A id sEVE AR IE A4 5E
VMR ARHO S IR 5 AR ] . — AR IE
MOEAHELAIC RN 138 B AFE—159HA
AEFICY; 5 — A ROE SRR R A e %
oy 28.1 HTAE—33.9 BRI, 7£ Beast
i 3 2 RO 7 B MCMC 208, 2 9lis 47
107X, & 1000 fUHCHE 1R B T ERUESS SR

Wbk, A 10% [ R burn-in, 722E Y log 45
RSCHF T Tracer v1.7 B0 X A7 RO AR /)N
(efective sample size, ESS) i#F47 ¥4 FIIKC SO K
%, PRUEREASZ 800 ESS E#K T 200 B 2
W, 18 A TreeAnnotator v2.6.6 4 HE 4T &
2531 4K FigTree v1.4.3 T & /0 #r 4k

AR A ARAREFIE T R i
SRR £ 25 1Y b 3 A R0 D %) b B DX 380 A
FEAH JE H B AA H (AAR) HepE v BB 6. 285 1 43 A1
05 T A X AR (A) AT, (B) M
WHLIX . (C) WA IX (HA, s ) ff
LX), (D) LI (B) WAL IX (K
LG Sl E L P BrEL ) (F) KITK
F K (G) BRITIK &R . 7E RASP v4.2 B vt
6 FiHH S b B R AL SRS AL EA T A0 B, 6 BT AEY
473 Dispersal-extinction cladogenesis (DEC)™ |
Dispersal-extinction cladogenesis with jump (DEC+
J). Dispersal-vicariance analysis (DIVALIKE)™',
Dispersal-vicarianceanalysiswithjump(DIVALIKE+
J). BI for discrete areas (BAYAREALIKE)™ I
BI for discrete areas with jump (BAYAPEALIKE+
), A NSEI N ENME .

2 #R

2.1 554

A 55 KA VD SRR 1 2 K AP S BE R 51 3
294 %4, H CcO1 . Cyth. IRBP. RAG1 il RH
FEHFH S8 50k 63, 63, 50, 63 Fll 55 4%,
Phb 5 A5 F i 0 RITE A 0 42 10 i i 4 1 %
A 2915 B A LG WL 4, Hirp, B3
R B K7 co T 576 bp. Cytb 987 bp.
IRBP 558 bp. RAG1 888 bp. RH 442 bp, H K
Je BB B B BE 4359 mit 1563 bp. nuclear
1888 bp. all 3451 bp, fHZYfFE LA, Zki
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IRBE R AL 2 1 T 2045 B S TAZ 3R, Horp,
Cyth F R 1 1] 2945 807 25 b Bl e, RH B:

Hix/b. FIH DAMBE 8473 Hr B AR AN
JEAER R, P B R R A AR

F4 BRESHEEEN. HUESMLKSIT

Tab.4 Average base frequencies, parsimony information sites

3 WA base frequency KiEbp BB 2015 BB 5bp
genes A T C G size variable sites parsimony informative sites
col 24.0 30.9 282 16.9 576 226 (39.2%) 208 (36.1%)
Cytb 28.4 28.5 284 14.6 987 406 (41.1%) 375 (38.0%)
IRBP 26.6 26.0 23.7 23.6 558 166 (29.7%) 120 (21.5%)
RAGI 24.9 24.0 23.7 27.4 888 394 (44.4%) 237 (26.7%)
RH 18.9 30.1 26.4 24.5 442 86 (19.5%) 64 (14.5%)
mit 26.8 294 283 15.5 1563 632 (40.4%) 583 (37.3%)
nuclear 233 26.3 24.4 26.9 1888 530 (28.1%) 392 (20.8%)
all 25.0 27.8 25.0 21.0 3451 1162 (33.7%) 975 (28.3%)

e 38T PR AL R R ZE B AL BT o5 A SRR S E

Notes: The numbers in brackets are the percentage of variant site or parsimony information site in each gene sequence.

22 WHREENARZLEST

A mit, nuclear F1 all Z04E A H 1 RS
KERHNE 1, &2 FE 3. T ERKRKA
LA DL Hr A 2 ML S BL R A 4R D
GER—3, AUHETR 31 U SRR E 2 R

Ph12 PSR VR AN, 2T 3 A
BiRgE, #mZ SRR A B — R,
VIR A A R B R R VD ERR o
SRR S (SO B RV BT RL), — 3 5 oI
WRISHE, 76 3PN ERLE T, BRI 5] T8
RS AR RO BT AR ARV R
A ORISR, WO RO R E | L
ELEkE . L RkE . ZEEE | VDR e )
J&, Horp, AR AL CUBE 5O IR T,
o ke 2R R E O I RS, A SRR
FAI RCUHL R ZETRE VD50 AN € Bk B A A RIS T,
A F U BOARL SE3 . ARERUE SR Ae ik
BESUARERER Sy — 37, JL[A] 5 TE AR AR SRR AR AR
kSRR —Z, HARARBRA I .
2.3 bR Ry LR EME B A IR
AT
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Origin and evolution of botiid loaches (Teleostei: Cypriniformes: Botiidae)

XU Rongrong ', LIU Shiying', WANG Yongming ', LI Yanping ’,
XIE Biwen >, PENG Zuogang
1. Key Laboratory of Freshwater Fish Reproduction and Development, Ministry of Education,
School of Life Sciences, Southwest University, Chongqing 400715, China;
2. Key Laboratory of Sichuan Province for Fish Conservation and Utilization in the Upper Reaches of the Yangtze River,
College of Life Sciences, Neijiang Normal University, Neijiang 641100, China

Abstract: Botiidae (Actinopterygii: Cypriniformes) is a group of small and medium-sized fish with eight genera and 62 spe-
cies, which is widely distributed in Southeast Asia, East Asia and South Asia. A total of 240 sequences were obtained by PCR
amplification and downloading from GenBank, covering eight genera and 20 species of Botiidae to clarify the phylogenetic
relationships and the origin evolution of the family Botiidae. In this study, phylogenetic tree reconstruction, divergence time
estimation and biogeographic analysis were performed using the combination of two mitochondrial genes (CO I, Cytbh) and
three nuclear genes (IRBP, RAG1, RH). The topology of Maximum Likehood (ML) and Bayesian inference (BI) trees based on
different datasets consistently showed that the family Botiidae was a monophyletic taxa and all genera were also monophyletic
taxa. The family Botiidae was divided into two major brances of the subfamily Botiinae and Leptobotiinae, of which Botiinae
included Sinibotia, Ambastaia, Yasuhikotakia, Syncrossus, Botia and Chromobotia and Leptobotiinae included Parabotia and
Leptobotia. The above results were well supported. The results of divergence time and geographic ancestral reconstruction
indicated that the family Botiidae originated in Southeast Asia in the Early Oligocene (about 28.85 million years ago), and the
genera began to diverge in the Miocene (about 24.25 million years ago), with obvious divergence of species within genera in
the Late Miocene and Pliocene (about 17.17-3.79 million years ago). With the movement of the Himalayas, the family Botiidae
spread and evolved westward and northward from Southeast Asia, among which the genus Botia entered the South Asian region
westward, and the genera of Leptobotia, Parabotia, and Sinibotia entered the Yangtze River and Pearl River basin in China to
the north. The differentiation of the family Botiidae was closely related to the movement of the Himalayas. This research has

important implications for the phylogenetic relationships and evolutionary processes in the origin of Botiidae.
Key words: Botiidae; multigene analysis; phylogeny; molecular clock; biogeography
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