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L BB R AR SEOR¥BE, #iim S8 ARFT  830046;

2. LRI R A ARl B, (B 2R SAER TREEME AL, b5 100875
FEE: X T2 f25(Schizothoracids) M 2 R G — HAFEF AR P UL o ARBFF R S5 KAUSR 270 0Lk o B ik, %
GenBank 4 2 1 (1) 64 Fi 248 10 25 (1 SR AL DR 2 B A7 20 A o 7 1 13 AN ER A T G s B K (PCGs) Fl 13 AN 2R
FIR S FE R 2 4~ rRNA JE[R (13 PCGs & 2 rDNAs) NG 2 UBR A, 20591 SR FH 36 A% 1R 0 QR 8 1 50 B
Zoy KA KT RIS ERRFEL B RR . GiREn, 2 ARG F bR BER b3 MEHE H IR
A, TR AG 45 2% 1) B £2 K B0 B (Barbinae) 85 L (Percocypris)E i — N BA B RE, 4 ib 5« b 45 4 iy
ZAHE AR B — AL, iR BRI R S AR R B LA B SR R S . BRSR A RN SRR R A0 —
ST R, 25 SR Al A B AL 2SI Schizopygopsini R, KI5 IR 25 4% 114 LI £o 0 o R e )
k1 Schizothoracini & . 7477 1, SR FAS ] 9 £l 4 FIAS [ (8 50808 43 X A0 A SR X i e MR R I R B L B R R A
5 o LA M BT S IR AR RN SR A Ik R AL s BN SR, R 13 PCGs & SE R BRIRAE, SR FH 2k T A% 17 e B AU A Y
B 5 H B DX 43 T SR I R DL i 307 2 Ak B 2 S Y B3 S AH B[R] (OMRCA), &5 R B S A 2R S i E 1Y)
tMRCA 7 Pt AR 29 13.16 Ma i, BUAE P«JR IG5 2 240 6 1Y) tMRCA 7€ FHTHEE 429 4.94 Ma, “FRfb &
FEREAL A R 0 1) f i R [RIAH S I E 9.64 Ma HiTHF 434k, «m BE AR AL 4 2 IE fa 2 U5 T2 5.40 Ma. 1431
X fg bR 7 s AT, SR8 £ 2K A0 RS U PT RE  ED E S RO AR B R B D I O, RN E A L R AN R S
T e S B B A R S A S AN T

XKEER: LPERIEFA, RELH, RE MY SR E
FESZES: S917 XHERERRD: A XEHE: 1005-8737—(2022)06—0781—11

24§ £ 2% (Schizothoracids), 2= B} 22 H ok
“FALT, WA MR S oA T 3R E
P2 B RS B 80% L R, 24 a1
Fl(Schizothoracinae) J& T4l 714X (Osteichthyes),
& H (Cypriniformes), %} (Cyprinidae), 7 12
AR, 36 90 FhCEAND, (FXTFI%SERER 7 B %
R — RS SRAEAE VT 24 10, i, Rl 2
SRR B R SRR, S 02 5 e T R
(Barbinae) a2 43 AL, AEAER— D07
Bl 2t = 2 i — R P H A
XA, A5 T L X L 3 = S R

K BH: 2021-07-16; f&ITHHE: 2021-08-11.

Ly 7 1 B4 L 2 A R L (R A
ER I AR, W 700~5000 m #RA 34 0,
T K e SR MRR I AR 2R T B 5 ] A1
X P B <R S 8, TE 0T IR A e V4K A )
MY, BAMREEA R shii U misE
ST T K g Jir B B AR 2RI A6 SR A —, Hfk
FIRNIE BN > 5 7 5 5 D B o 1 b 38 D s LS
P GBI, S0 02 R R R -5
A i g A AR F M 2 — T, R PR
R RE s T T, =42
B, Mirza® WARIE 25 % H 4% Schizothoracini .
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Diptychini Fl Schizopygopsini =~ (tribes), 1]
3] 3 5 HETA A< JEAG . <Rl Fnem BE R
P BRI TS TN R, SR
K A [Fl—H e n B ARZERE, AL BN — R
BECL, SR T 00 TRUR I 0 B B 5 I 24 1
GERIEANSE A —E, Fhn, fo7pgs AU ek
& Cyt b B P IR0 5E & B, “Refb SE R
Wt A R B Yang S PURIELRLR Cyt b,
16S rRNA ., ND4, ND5 Fi4ififit% RAG1 55 7
IR BT 4 SR R, ZE mIIF Rl R, I
T AT E B E X T RE SR, A Schizot-
horacini &N A 7« J5 iR S5 9 1) RUNE (0 S HE I
i I R} 1) fiti 4 J (Percocypris), 14 Diptychini ji%
Jf A Schizopygopsini % .

DNA 43 & A KR it 2 55 5, Wbl
IREDIRER NN AL S-S VN RN S AL -
PRl (mtDNA) B AE W2z ki v, A H A3 B LA W
Pe R IL IR 5 P FhoS ) — S ME R TR S, R
FAAL A B2 R AR B a1 BUA AR5 3
T[] () 6 DR RN fa o) S0 £ 35 40 Ak Bsk ] ) 4
I8 SR B de R, fnfif s AL T2k K Cyt b
FER AN, i BERRAR SR A oAb B i) 2
TEH 4 4.94~4.75 Ma fi]; 4 PI3ET CO 1,168
rRNA FI ND4 K B BF 58 WAy, <R fb 25
oAb & A 8.67 Ma Hij, “JAR7AFH 5 “Refh 45
RN BT FE AL AT [E] (time to the most recent
common ancestor, tIMRCA)ZJ7E 16.93 Ma Hij; M2
I 7 1 O e 28R A 5 PR 26 5040 o R 2R (Barbini)
0 2 oAb B B R A7 Ak ik S0, SR £ 2R R U
T4 51.7~67.5 Ma [A], 50 b, i AR A
TETNRE L 22 5, AIRRMEEATHE Dy s iy T 28
i T AR EE W) HAR IR, RBUED FRALRT
(4 53 BT F (s AN [R] ) 35 PR 45 3] 58 4 AS [R] 1 35 R AR
A, 760 PRI N A R G AT LR,
ANFE A7 R T e s 1R R TRI Z5 985 BLAh, 4
B A Br AL & B 2R R D SO BARERYE, 2
T AGERLHEWT . YA RS A S PR 2 0y 35 H
()T JRE AR i e =, fii T 2 M S Y Fh g A2
BLR LR 43 Hrt T, ACBIESE 3 T 2406t 2 B 2R
PEUA K 3 A 8590300 43 1 T B8 RN 2 28 & 3R A Ot

LI 922 5, 0iedE T GenBank %l % v % % 19
4T I 24 R 245 1 R A PR 2L B,
AT R G R B - Z M FEEHRE (MRCA O+,
IE45 A FLAM T DX B 1 B S, T S K T
BALIY EEIRSH

1 HRET®

11 BiEWE

B KR T GenBank U ¥ JF (https:/www.
ncbi.nlm.nih.gov/), #Z 20204 10 A 12 H, Ay
15 11 8 64 Fh2LE a2 Fi bl Iy B b g a2 i
bR IR ATH (R 1), DHAR 13 MEH
Jt i it JE A (protein-coding genes, PCGs) B A T
H, A& 13~ PCGs 55 16S rRNA F1 12S rRNA 3
HBES S (13 PCGs & 2 rDNAs)FNEdi 4
BT 53
12 RHEXREDW

DL S0 £ 23 2% 00 F2 00T I SR £ 28 = fil
(Cyprinus multitaeniata) Fil i (Cyprinus carpio)
(GenBank 741570 52k: NC_028419.1 il NC_
018035.1)MAMKHF, BT AMRZLER . HH
MAFFT v.7.464 £ T MUAS 5& T L-INS-13% 73531 Fe X
13 PCGs. 16S rRNA Fl 12S rRNA 3 K {8 ik
FEa M) SR Gblock 7EZ8 i (http://www.phylogeny.
fr/one_task.cgi?task type=gblocks)X} gap ol ¥ i it
M TCAR P AN AT AR B

s n R R AR R ] .y IXR 2243 X
PR, BRI

(1) BAMIX KM {#i 7 Sequence Matrix v.1.7.8%
PEAT RS PHE, M 13 PCGs Ml 13 PCGs & 2
rDNAs PB4 gE, I Aliview! HEF TS =X
i 7F 1Q-TREE v.2.0.6%2f1 /% ModelFinder #
POR A BE A T R oA B IR AU, 45
13 PCGs F1 13 PCGs & 2 rDNAs B4 751 78 D1 i
Wr{5 B fEN] (Bayesian Information Criterion, BIC)
TR B E TR ALY O GTRAF+I+G4,

(2) £y IX5N%: @i PartitionFinder v.2.0.0%
LT B DRI 28 H e O o BRI 03 7 22, SR AR
P& O34l PartitionFinder FF B3R ) relaxed-
phylip #% =1 8 9 5 I (supermatrix). 13 PCGs 1)
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Ay BRI 03 O 223850y 8 M IX, HII(ND1) .
(ND2) (ND4L. COI, COTl). (COTI. ATPS).
(ATP6). (ND3, ND4, ND5). (Cyt b)fI(ND6), 13
PCGs & 2 tDNAs 434 1041~ 1X, B 3 13 PCGs
1) 8 43X H1(12S rRNA). (16S rRNA),

R A5 B 53 DX 22 4 X W 7 3] 1) i 3 A% 1 IR
BBy 28, il B KAUSR 75 (Maximum  Like-
lihood, ML)F DI 17 4 W7 7 (Bayesian inference,
BN . R G K B M ML 23 Hrfli i 1Q-TREE #47,
BT oIS B A A A T H#E AT 2000 IR H 2 KL IR
(bootstrap=2000), BI #{3LT MrBayes v.3.2.61*"
Fay 7, 1k FH A28 R [A) 7] 396 (general time-reversible,
GTRZHREACHLEY . BI 4347 LAFEAILRY A an b,
#HAT 1000000 X5 /R AT F4% 5 4R B B (Markov
chain Monte Crlo, MCMC), 1000 fCHUEE—IK, %
A 4 SFH R0 REERIHE T, Hid 3 &3 1 4%
4% (ngen=4), —FHEMFE 200 X5 (Burnin=200)
A, T A E LLS B #E (Posterior pro-
bability, PPy kS %S 4EHHA] FigTree v.1.4.21%14
BIFFH
1.3 tMRCA BIf4&

L 13 PCGs Hi7r X HiMg Frafk BI BHAE R 701
BRvER, (P T DM F BEAST v.2.6.27
Hi BEAUt X S8 T I, 3% GTR 1R
AR, FASAH S B5E 2853 A0 AN L -
A (Uncorrelated Lognormal Relaxed Clock model),
PEHT Yule HERVBEE BN 2R 701k BUR Y 1 5R 4E
JE o HEWT tMRCA f ' H A% 52 FE RS W 7 T
BESE AR, BfbAid sk 50T SIHHSES &
KAEW RN ALBTE], ARSI A & (S B
A7 5B JBT R S e ] e S A A DT 0 T B AORS
B T2 R A IR B L e R, A
W5 R T BT 27 AR B o e o AR B LUl 11 1)
“BL oIzl i gt iE], BI/k R ff (Her zens-
teinia microcephalus)5 # 1 #f: 24 i fa (Schizopygo-
psis pylzovi )443 s ] (1.1 Ma~0.7 Ma)2 Wi Ry ks
1E SR, IR He RS0 Eat 1, EBE
# 5 ff1 (Diptychus maculatus). e s i (Gym-
nodiptychus dybowskii) 15 & ## 5 J& £ (Gymnodi-
ptychus pachycheilus) i) 43} [6](7.77 Ma), L&

B AR 0 5 R SR 0 1 4 B ] (3.54 Ma)
NS B . DLRE T i mtDNA ) 7 fk i R
(1.3%/Ma)** N Je 86, Ak A b 52 5 1] 4 5 36 0 A
BN IE 2 43 A (normal), MCMC #5481 % &
300000000 18, Az B XML #% X % A SCHF R, =
A BEAST ia17; H Tracer v.1.5P 45 % BEAST i5
TTE5 30 Log U, FIMrgs Rk #llsi s, fiiH
TreeAnnotator 7387, W B EF & HF 10% 89 H
(Burnin), J5IMEFREK T 50%, 1525 K5 HE
M (Maximum clade credibility tree, MCC), LA
FigTree % i 25 5 .

2 #R59H

21 RGAEWEERER

AHESR WA B4R, 3 DI IR AR
BAH 243 RN B3 ORI HE AT B A ML 2081, B
& I, ML # bootstrap ¥ 5 X FFR A5 F] 100%
(715 5 HE B Y PP {E AR A5 100%19 75 52, Bl
B BI ML, ML WA ASHR & P2k —28, R
T PR AR 5 i A A SR v, SRR R i T AT
JE—BUW . PIAEESE, 700 DT IR AR R
% | BRI HEAT BT R ML 2347, RIS R SE
KEBMBI W5 ML SRS HEA —5, IF
FLAH R A 0 7 vk (B k3% ML )3 210 RG24
HR(BI Wl ML #)JLTF58 4 —5, EEdEER
A3 X WG 2 oK 5 N 2R 58 kB IR T4 R Y
WMo BT LAAS TR GEAE HE— 204k 50 240 0 2% B2
1) tMRCA R Hd Ak Jy s i) >R F 13 PCGs £
Tt B 1 B DX RS

ARG REWERE R, RIEORNISTRE
AN IR BE, DRGSR S e R i A
MRS R TG, W O OR2EBE, hihifk>
1 B R AL AR G B Y R s — Ak S,
I3 h Al A5 ) i S RE £0 A T AL S RS, T
b fb S0 Y SN a5 e B R AL S T 4
HA SR LG <JRag . <Rl fnems B 3
AEERAS H IR, “JFIR SRR 4559
ZAME fa 1 JE SR 2SI, s R R R
I T AR PSRN E 22 IS (A 1),
= B R 2B v 4R 24 5 4 R (Schizopygopsis) 5
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T NC_028419.1,
~c_oigossil  APEE Outgroups
Schizothoracini
13.16
BEEJR A Diptychus maculatus NC_025650.1
777 BERERAHATR G is  KM879224.1
250 JEIB¥RE B Gymnodiptychus pachycheilus NC_023793.1
3.54 W R B 4 Gymnodiptychus dybowskii NC_028544.1
BRI i Ptychobarbus kaznalmw NC_025303.1
0.8 st S Prychobarb : NC_034230.1
9.64 331 WGSifa Ptychobarb dxpogon NC_024537.1
230 Wi Pry b KT833099.1
0.10[" Mﬁmoxygymmwumwmu NC_022718.1
W IRHEE Gymnocypris waddellii NC_047410.1
726 2245 WIHER Gymnocypris chui MF459673.1
Gymnocypris eckloni NC_019605.1
HFEBRE G i NC_019604.1
BRI Gymnocypris przewalskii NC_008661.1 . .
5.40 N £ Platypharodon extremus Neoo1711|  Schizopygopsini
KYERKHRIBBLBL . Schizopygopsis malacanthus chengi KT270484.1
RBP4 Schi: is KM593242.1
A Gymnocypris potanini NC_031813.1
TR Schizopygopsis stoliczkai NC_032398.1
FIHHREE Gymnocypris scleracanthus NC_036349.1
KB4 Gymnocypris dobula NC_021419.1
i MF787293.1
QUGS Gymnocypris namensis NC_021420.1
PIEERZIG A Schizopygopsis younghusbandi NC_021409.1
RSRBRBF A Schizopygopsis thermalis NC_021421.1
HIBEHRZY B4 Schizopygopsis anteroventris NC_029190.1
HRIBBYFL 4 Schizopygopsis malacanthus NC_024880.1
/KU Herzensteinia microcephalus NC_033403.1
FT#ZG 4 Schizopygopsis pylzovi NC_026206.1
BB Chuanchia labiosa NC_029181.1
F BB P Schizopygopsis kialingensis KM879226.1
BKAMRBIBL M Schizopygopsis kessleri NC_045935.1
0.08L FRHEEHREE Gymnocypris eckloni chilianensis KM879223.1

[ %88 the genus Percocypris
[ “b#fb” %54 the“specialized” group

Bl 1
Fig. 1

R (Gymnocypris) 3L T A BLACHE, & R AR
Jii. 1 (Schizopygopsis stoliczkai) 7] 44 A 45 # il
(Gymnocypris namensi) . i £ ## i (Gymnocypris
scleracanthus) . #CH|##(Gymnocypris dobula) .
P A (Gymnocypris scleracanthus) . ﬁ,ﬂ?k%ﬂ?%@
(Gymnocypris selincuoensis) ) K I J& #4124 fi

O “JEfs” %4 the “primitive” group
[ “EERHL” %4 the “highly-specialized” group

LT 13 PCGs W 0 251 e A {5 3 AL (maximum clade credibility tree, MCC)
Maximum clade credibility tree (MCC) of Schizothoracid fishes reconstructed using 13 PCGs

(Schizopygopsis thermalis) il $ii 5% #£ 24 bl i
(Schlzopygopss younghusbandi)J¥ il — i b 32; #
S0 & B Sk A #E 24 L4 (Schizopygops kialin-
gensis) 5 1£ BE#R B (Gymnocypris eckloni) i S Fh Al
% ##1 (Gymnocypris eckloni chilianensis) 4 i —
PAZ S BRI AL 1 (Schizopygopsi s mal acanthus)
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FIE 10 P A I 00 43 24 P #8522 I Ff (Schi zo-
pygopsis malacanthus baoxingensis) . ki i il 4
24 i £ (Schi zopygopsis malacanthus chengi) 73 i 7F
AN TR fb S v, b, AN S A ) B
W #L AT (Gymnocypris potanini )& 25
2.2 tMRCA 8% R

A3 AR IS [R]85 TR o, S £ 25 5 fh
J& K tMRCA TEHUET P IR 2y 13.16 Ma (95%
HPD: 10.46~16.43)H(, “J54h" % g (1) 245 4 Fl fys
i J& 1.1 tMCRA 7E 9.94 Ma (95% HPD: 6.64~
13.48)Hif, Ab T Wb, <HRfbFem B R4
RS £ ) Bl A [R) HH SEHE 9.64 Ma (95% HPD:
8.09~11.67)HTFF Ui 73k o BRA= 1y iRy A P R
i1 tMRCA 7E LBt 424 4.94 Ma (95% HPD:
3.22~6.92), “wERHEEFERRIE AR T2 5.40
Ma (95% HPD: 3.85~7.10), 5fffiflJ& i) tMRCA $%
T, SRR R4 5.79 Ma (95% HPD: 2.55~9.20)
TR LA 1),

3 i

31 HREEXMREFLHEXER

AEREFMAENFEANZ —, KRR
YIRh A A 2R 2 2, [l W0 b AT A D A o i
DTRGEKRE N, ARV 2 Y2 2
KRMNR, YRR EMEITE, H
B 8 22 14 2 J00A A A TR R U 8 Oy il i
TR RS L, M T 2NN RGE LT
e, EPEA I B2 N 3 DR (R VR 2219 D0 RERS
B S b i A7 A Y, (RS BE 5 000 4 AT 485 2R R
FEIR 73 DX SR A fifp PR 2R 0 ) R G S R
MFE DA . 40 e X R 0 2 1 R
GLRE RRPATHITRAR K I, Fe D 73 DX FY
RORARZE . IFH., HEH 0 XM 2 5 8 sy
AR TR], Al SRR £ R 2R ) tMRCA IR
P A7 S SR B3 XS

AR BIF T 35 T L A I DR A 0000 ) 2240 £ 2
RAGEKBRRM A RN, SN 00 i
JE AT AL S, SR TN AR,
B S8 e B RLta 2 i o B ok, <JRUIR A
S A0 5 R R f0 R RO R IR TS

ORPALT AR EE R R R R R R & OC R
(B 1), B LAAS SR 2808 0 2y — Al Sz i Rk
A\ R A G S F 0 P LRI, B
A=A ERBEP WA AR Yang 5
()53 BT 48 A — B, 5L R 55 9 1) S £ 0 iy il
J@ I N — A LR A A S, AT Schizo-
thoracini ;T “Rf AR5y BE e Ak 745 4% 1) 24
Y W) — AL, FIE K Schizopygopsini % .
AHEFE ST ATT B bh > S S BE v, JEZiAE
(Schizothorax wangchiachii)-5 5t 245 1 (Schi zo-
thorax oconnori) iy % % X R &L, 55ERT AT
gl R — g BT w41 J& (Aspiorhynchus) {X A —
i, BPAT 5 oK rf K BB A Z FR 14 Jt W) €61 (Aspior -
hynchus laticeps), & {14341 T ik (1) 55 AT /K
o WM& Aok E, vy a5 [a) 5o A iy o
K 24 i 4 (Schizothorax biddul phi) 3 % % & fix ik,
X 57 KA T CO TR /M3 2 1045 A
], MpEsPIgi s CO T F R FIIE 252 Rk 43
Brikh, W) fa g 5 2808 40 )8 IF R 8 2 8 ) 22
B, W s n] RE Ok S £ JE IR R D R, AT
G 25 Al SIS S o PR B BN 4 (Schi-
zopyge niger). JEH /K %) £ (Schizothorax nepa-
lensis). Hij 24} ffi(Schizothorax progastus). Jii
Z4Ji 14 (Schizothorax esocinus) . P [G 24 i 14 (Schi-
zothorax richardsonii) £ 4 J& #i 24 Jf§ fa (Schizo-
thorax labiatus)#4 it — i fb 32, M oA 19 IX 38k
&, X 6 MR JEIH /R ANE 0531 T IR IR Ab,
Hay 5 M nmAeeE, 2K £
R A AR AR G o, RS
J& £ JF A S 5 1O A R S R iR £ T T A (G
pachycheilus weiheensis)3:tH, i & 55 Hb B 53 A 45
IR SR, H% L, BERRERM
EW WA AEE#ERANIES2Z R HEK, K
Ha PRI = B2k B B KT, AR
W5 A 45 R SR S TS R o i A0 TR ) S Ah B R
M7 AR, FEARFR M Hras R, nhdifn g
(Ptychobarbus) ) & 4t & & {7 80 Rk, 1ER
R EGORRE, B R R R
BRI, HRCSEA 4 B, 2050050 T e
JEUZR SR BT L DX ) 43 23 471 (Ptychobar bus kazna-
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kovi ) Al v 4] 43 £ (Ptychobarbus  chungtienensis),
A3 A 7 9 A 7T A% X2 - 20 44 (Ptychobar bus
dipogon) F1 43 A7 7 B[V B JaT (1) £ W i 23 £ (Ptycho-
barbus conirostris), AJ A% 7K R (149 F 5% 2% ¢
R, TE“Tm BRSO 240 farh, B0
S AR TP 5 I ORI 2R P £ ) Shy B0
PPN F, A =F A EA R A—R R
HE, P A 5 ORI BR 2L P 0 A T A [R) A9 e AL
X, WORBGIEI RS R R . FOBRZ L0 5 T
i # %4 Fi, 11 (Schizopygopsis anteroventris) i 3% %
RFRTI, 0P 5 WAV BREIE ) 5 2% OC R
I, ABFBEPURIEL A DNA 2 X 551 F 5k
R GE KB Mk, RIE ORI FTER
SRR 24 DA 52 26 AN AS IS B A R ORI 2L 5L 0 7
SRR, A T TRV O R R L A0 ) 43 S — ANl ST
AP, FERE ORI AR 2L DL a5 24 R AE i Fh i
MEA, AT R A5 SRl SRR U ORI R 24
)5 MR TR Fh . AR A T e VD VLN
HEZVL Bl ny T S, FORIBR 2450 0 5 TR
SR AR Hb A DU | S ] i, T ORI RO BR 2 £
KA T WUN RN e, WHIEEAE FRE, =
FHHBEAE . JF B340 B ARVLH I, K
VLUK, FR AT DL, RO BR 2 D 5 2%
Vb5 U BRI AR 2 D fa B A B T, HAE R
Gtk B T ORIRR 24 L fa 5 A A R T A
MG, B REHOIHRAG AR, BHARIT
AR ES R E5 R—32, Aid bootstrap SZFF
BRI MERARAN T, T LA M2 SR 1 AN BE A
RE 75 5 % AR B DL A A Sy I B AR 228 I £ 1 I
Fft o AEDERRERYT A L DERR AL+ 24 WA (Gymnocypris
eckloni eckloni) . #} I £ f# (Gymnocypris eckloni
scoliostomus) Al A8 3% #f i = A~ S Fh 18 3% L 0 12
R PG A2 BRI PG /K 2R (4 P, Zhao 2P GRIEST
N E 5T 1A AE(Gymnocypri przewalakii)f &
BORMRG KRR MAEARMFR RS R, i
T 7K FR A6 BRI 5 1 ) R R R O A
T #REE(Gymnocypri przewalakii ganzihonensis) &
SHUHGRRN, VR A AL BERAEAT b A1 32 A S Ty 5 5
INARBRRA L AT R R R, 1EEMERS
SHME ST Cyt b MR RE LT LR —

B, AR SRR A A A 16 AR Y R
32 HBEaEMERSEN

AT BRI B 132 3, 78 HT AR e (Gl
A5, 2955 Ma i, B[R fl bt o 21 RO K
Biti, 7FHES A VL4 AW (YTSZ), TERLHE 1L PFIG
TR JE i B —— = i el ik, &S T
AT S IR T IR T e SR A e, o L AR
K, WHELKR, BRI, B0, BRI, 2491,
P65 AT LRI B R ] 45 2 44 S T S B % R B,
EEE B AT T3 KU R, 35
FLARYAT 1) b 3t 4 B Y MR AR CMRCA A
TSR, oA 24 A2 H A s B o A X, D
AR AR A LR VR B X, TR fE
IR R A = N VAR R £ A (e
P 00 G VR 5 9 Ak ] /RO K i 6l i A %% D)
FHOE, BLET A BE Az SR B, BIER BE RS B
T 5 B R S BA & A — R A ARz 3h 10
Rl Bl 9 — AN R LR R B, BERE TR AN,
PRAEATH AL I Al 45 o B 0% 7 9 v D 1 HRo T DOk
FEALT THALEWNE, FRiERIEEET
HhFETR AN e e, W S e e S
VA, TERL T — ZR 5 U075 5 I 0 e 6 (NS) g B
ERGV I BRI AS R ARG, B4 18 Ma
S X o3l LU S e 3 B T B AT A ARG
BRI R tMRCA KA 7 o i A 4l
13.16 Ma Hj, X 5&E I NS 1E W2 R 50T i
[B(<13.5 Ma {l) Tard&in . Hogritrh i, Fliss 5%
VL X HE—25 1 NS Ui i HE B Sy 38 m, A4~
Hd X A T — AR, B R L v
FEEETFF] 5000 km S, X v R X R T
SR K Y TR R ) A, S £ 2k i A
JERBEAE BRI R )32 0 A 1 75 9 I
KL b X, 37 i JE 46 TR S A8 Ak i) 5
mig o AR & Ak
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Study on the phylogeny of Schizothoracids based on complete mitoc-
hondrial genome

RUSTAM Delara', YUAN Xiaoqgian', ZHANG Qi*, HAN Jie"?

1. College of Life Science and Technology, Xinjiang University, Urumqi 830046, China;
2. Ministry of Education Key Laboratory for Biodiversity Science and Ecological Engineering; College of Life Sciences,
Beijing Normal University, Beijing 100875, China

Abstract: There has been much debate on the taxonomy of Schizothoracids. Phylogenetic study provides an effec-
tive way to solve taxonomic problems. In this study, mitochondrial genome data from GenBank were analyzed
using the maximum likelihood and Bayesian methods to investigate the phylogeny of Schizothoracids. Two data
sets were applied: one was composed of 13 protein coding genes (PCGs) and the other of 13 protein coding genes
plus two rRNA genes (13 PCGs & 2 rDNAs). Phylogenetic relationships were reconstructed using the multi-
partition and single-partition strategies, respectively, in adopting nucleotide substitution models to the data sets.
The results showed a clear clustering within each of the three grades of Schizothoracids. The “primitive”
Schizothoracids and the genus Percocypris of barbine fishes form a monophyletic group, while the “specialized”
and “highly-specialized” Schizothoracids form the other evolutionary branch, being paraphyletic to the former.
The “highly-specialized” Schizothoracids shared a most recent common ancestor with some “specialized” Schizot-
horacids. Our results do not support Schizothoracids as a subfamily, but support the combination of “specialized”
and “highly-specialized” Schizothoracids into the Schizopygopsini tribe, while “primitive” Schizothoracids and
the genus Percocypris are grouped as the Schizothoracini tribe. There was no significant improvement in solving
the phylogenetic relationships of Schizothoracids when analyzing with different data sets and different data
partition strategies. Time to most recent common ancestor (tMRCA) for main Schizothoracids groups was then
estimated using 13 PCGs with a single-partition strategy in adopting nucleotide substitution models to data and the
Bayesian method, with the geological evidence and mitochondrial DNA substitution rate as priors. The results
showed that the tMRCA of Schizothoracids and Percocypris was about 13.16 Ma, suggesting that these fishes
diverged at some point after the middle Miocene. The tMRCA of “primitive” Schizothoracids was about 4.94 Ma,
indicating that they originated during the Pliocene. While the tMRCAs of “specialized” and “highly-specialized”
groups imply that they began to differentiate from their common ancestor around 9.64 Ma ago, the tMRCA of the
“highly-specialized” group suggests it originated approximately 5.40 Ma ago. Considering the geographical
history of the distribution range, Schizothoracids may have originated late in the post-collisional period of the
Indian and Eurasian plates, and the differentiation of main groups and speciation events in Schizothoracids could
closely be related to the stage type evolution and climate fluctuation of the Qinghai-Tibet Plateau.
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