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E: U 625 (Schizothoracids) M i 47 B A4 K b Jmy, TETEAS A58 I A St R 45 ) 1R VE . bk anifi ez C
AALTGT S 1(CO DI 2 sh Wy~ 0F 58 o F Y F or T 20889, 4381 GenBank $¥i B Hp 40 25 CO 11E AT
FRic A e, AT DA g A A TR AR X S B i A 5 AR, o A I A B A X S B S i S
A . ABEGEXT GenBank B4R 1E H 24 F 35 CO T M 1 4 FARIC A S EA T Aol A, @ ad RIE T X . 25 %
G AL AL A3 I G BTN R Gk B R R S50 9E, FIBr GenBank K08 17 vh 24AE 11 2¢ CO 1 PR 91 (4 [R) IR | 551
JIT I fa b S 2 B HERR MR, LA RPIIME B R K B R RN S . Xt R 1431 KFHE T 2 E O R,
A 3EITH S AT IR EES, RRERE, BIRE B4 BLAST MBI R AZAR N, DL COTEEM
HAMNETE AR SS P, LRI Se AT BN e i . SRR A0 L X 25 S 7R, GenBank U4 P Hh 2L £ 25 1)
CO I F: [ 7 BUF 9134 iz B I 5'0m 2 Wl P 91 . AU T 9 B FI RS IR, &38R 35 475, R KE
k1 527 bp 1 1396 2784750 HT, S5 SUT 228 A HRERY, A 25PN Bt b, s A7 R Y LR R
R, A 41 AR RS RRIIEE . A A2 CO TSR T-I p-BE B R 9.5%, SRMEHOKTHY, R .
FR b e B AR A Y p-BE B G, PRI SR S AL B RRIE, P RE S T Bl 2 75 ik v SR £k R 1Y)
Ji L E A K. GenBank H—SEZUIE 128 CO 1 2K 741 A M Fh S8 e A7 TR A5 1R, TEME IR S5 2% ARt H, B
MR G LB TR FA BRI, BARSKRE, CO 1IHIPHIRENSA 1 T 2408 28 B (b B R NE 25 2 B Y 5%
GRFR, WTHTHIMBALARILE 0T, SRIEAYE . AR SRR 2R X R G R E X RGEIT
ZEA o, WA BT R R R S AR, [ R VR A TR ST 38 B e i A A5 ) S B

(@R AE MK COL A Fhrid A RrE; GenBank

FESZES: S917 XHERERAD: A XEHE: 1005-8737—(2022)07—1073—18

24 i 11 25 (Schizothoracids) 3R J& T #E £ H
(Cypriniformes) . %} (Cyprinidae), HRlic* A
12 J& 90 FhRIERH, DA 8 0 AT T 4
HARACESE, JH7em o BB 2 [a i iE b4 -
Tk — 42 agmiig 20N, EITE W R
DCRFA RS, LU 6 S5 oA o B AR o A,
B B9 5 S ] 320 v D ki DX 14 A 4 Ak 3
JEU AR SR X D A 3 I R, R
NIRRT L 3 Ak,

K BH: 2021-10-11; f&ITHHA: 2021-12-01.

Ji 0 250 A1 A S AR K F A SR, R REAETEAH [R] £
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XL S 7 2 S A IR AE R AE A 25, R
DNA /3 THRic B9 2% 58 J5 i 54 B A A 3400,
Bartlett %15 e R LR KL 1R DNA J¥ 9 3E1T T 11
KRR, MAMEEER b iy4idEER 7
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FEP R, S BARAR KL K P 51 B N 22 AR >
it 2%, KEZEUNT 1%, Hebert 27 2003 4F
feiy, DIZORiAdni (R C A LB T (CO 1)
SN Z R AR, S 3% DNA KB R %:,
PRI CO TR I 573 1) %1 IR )7 9 2 FE A5 S g
% 44 2 Wy o 28 B L U A8 2 B 1) R H SR 3= 1Y
IyBIt. BHEE Hebert ZEBRIE T xR R )
PRy CO 1R P AR 25 R, KA FEY
FZ WA E AR RENZESR, 98% L ErY
FpZ ) CO 1Pl 22 et 2% 0L b, LK
TATX ATk, T CO T I & it 2 A I 18 4%
Ry ER AT AT, BT ATEAR R RN T RS, 2
AR, ZJF, CO TN FHIY {Z 30 H T3l
WP 20 T 5 5 AN A AR W 2 i s R
PR T A=A AR A B4 R 4t (the Barcode of Life
Data System, BOLD)f¥ % 7", GenBank #%172
FEVER FEH ) CO T PR 91 40040 Al it =2 i A
AU DU ST A ERkfn AR O o8 B AR
[l bR & VEWE 52 5t H——The Fish Barcode of Life
Campaign (FIsh-BOL)F 2005 4FJF3h, M 14
BRA1JE CO T M S 7% 15 51 e il it 1o,

GenBank #1127 5 8040 e i 26 1 E R A=)
R A5 B H 0> (National Center for Biotechnology
Information, NCBD)#E57, HATC A &AM
TAEF RS HYIE 26 T1 R AE A H IR T 5, (L
P el U R TG A RS, A
FEVE a3 52 2%, Fir DUAR MERA Of T A O B0 45 2
PR WLHER, 600 FH Fi A 2522 3 AT 4R B i A% A A
W20 AR GenBank $ud FE Hh 92k
LA B PR 91 B8 ok 2RI £ 28 BE AT T 5 I O B,
2 X 5 R TP AR A Wl [ IR A7 BE 1 )7 9, b
A — LA Fp L AR B4 . 1 T DNA
Gy FHRICTE T b 2 (B A7 A 22 5 M IR T R,
PR I 6 HE A 2 ST A ok X 4 iR G A
RO B PR BE Y 3% ) R Xk 4 2 AT R 5T
I (A A i — 2P IR

AW TR GenBank FHf FEh 2R 2K 1) CO T
BL K e 9 AT AT o3 A, A R R R A BE 1Y )7 A
5HAb AR B A, R e w4 e
PR ICTE f Rh 4 5 A A B A R .

TR B RPN L3k 26 8504k SRk P i A 9F 72
TAE, NS TRk a Pl Ak S i $e 2%

1 #MBEFE

11 HERBESEE

fedm ChESE ) PIRs e, w
G 2dt 12 J& 90 Fh I AP, 7F GenBank %4 2
A BT PL T 224 R, FEE
[ CO T BUFS, Xof H b BoAg 4o R KL R 40
FEAVEHE R, TR R4 g co TR
HAEASHFA . FEEZEH B 2021 48 7
20 H,

FIFH CLUSTAL X 1.8%71%f |3 F #k 6 5 5] ik
17 Aligment 2 HXT, KX a5 R 25 B &N
[E PR AR 8875, 78 GenBank H1iEfT BLAST #H
RIPEREER, JH AR R 25 8, A AN HE
() P B0 U R 7 S B3, 5 S T A BE e 5 ) 26 4 7 T %
i, HURSEPEITT Aligment X, ARATfE
1 B B T AR S A B, R B B N ) AL
i, & RERENTY, d#rHdEE.
12 BERNEEESSN

FI 1 DnaSP 6.128%f CO 1 3L A 7 51 $cds 48
FEHAE RSN, IR T 5 S B 750 A <7 PR
RIBRAE

FIH MEGA 7.0 557 B 45 B4 7 15 i 2 [
B p-#E 25 (p=ng/ny, H:H ng IS5 751 2 0] A ] )
BRFEECH, n AT RS K ), TR 2
BRI 2 [A] (38 p-RE S, DA R4S T AL SR
F 7 2 (8] (-1 p-E S
13 BREEBHH

DL LY G (Barbus pobeguini, GenBank % 5%
51 NC 033914.1) Fl#k /K [C 6l (Barbus hulstaerti,
GenBank &35 NC 031530.1) 4828, FH=Fh
HEEEAFRRGEREEN . 5 —FEBiEk
(Neighbor-Joining, NJ), 7€ MEGA 7.0 *Fi#17, 43
F AR H Kimura X2 506 7 (Kimura 2-
parameters) . 5 — Fi J& B KL ZR ¥ (maximum
likelihood, ML), 7F IQ-TREE 2B k47, 43 F i
FERE R R FHAE ModelFinder b i $725 5 0 Al
H e DA T IR AR Y TNO3+GHI+G4 ,, L - P Fil



578

RIRAH % GenBank AL 2 CO 1 3 H T 194> FFRic A Rk 1075

J7EBIHEAT 1000 ¥K H 2856555 (bootstrap=1000) , 5
=% FH DU 4fE 87 s (Baysian inference, BI)ZE
W, 7 MrBayes v.3.2.60 R kAT, AR
RIS GTR+GH+G4, LIBEHLR A& G, 47
100000 X 5 7K 7] K 4 52 FF R B 5 48 (Markov
Chain Monte Crlo, MCMC), 100 fCHURE—IR,
KH 4 FORnlReERIEE T, Hid 3 4c8dE 1
#1355 (ngen=4) ., —E M FE 250 185 (Burnin=250)
BB, o3V R RE BE LU 56 HE 2 (posterior
probability, PP) A%, Fif iy R4k & W H
FigTree v.1.4 2P & B IS4

2 HREHH

21 Kb RERER

2R, #E 2021 4E 7 H 20 H, GenBank 7
KEMHB A CO 1 HHF R BIFIIA 1431 4,
5 11 )8 66 FhAIEAP, Hir 58 Fpft HA Lok ik
HEHEAFH] ., T E4E Co 1M BT,
A 28 58 Rk R IE R A % CO 13751
VN2 5 (36 1), Aligment 25 T 45 3 R,
H 1 JeIA/R 240 i (Schizothorax nepalensis)(t)
%1 (GenBank % 55 MN178262.1)F1 2 444 [
Z4JiH £ (Schizothorax plagiostomus) it 541 (GenBank

RS MN178265.1 A1 KJ183111.1)5 HAb k£
BOTPHIM L, AR A Bl AR, 25715
B3, MEEJEMIN co 1 FHEMER., HL
BLAST AV 2R HIWr, X 3 55700482 24
A CO TR T, i — A% AT H 55 B
KI, EATLL CO 15 B bk 7 508 3 22 2
GenBank . $ L) I+ 3 25F 53047 B AMERS ),
B AT Aligment Hoxt, 4558 WK, Fif
F¥y R CO 1A T F], H R BIF513#h COol
FEH PR 5 2 rh T s, KRE2E0F 58 K
JEh 527 bp, #HGZKEIFY, &5 35 KM
B4, Bisk H 23 438 [ 2L ff (Schizothorax
richardsonii, GenBank % 3%5: JX485929.1-50.1,
MK785037.1).6 #%Tiif %4 )i £t (Schizothorax progastus,
GenBank % 55 MK784997.1-99.1, JQ692870.1,
JQ692872.1, JQ692873.1) .4 £ i = %L I8 4 (Schizo-
thorax waltoni, GenBank * %5 : MN991975.1-
78T, LRk H i 1 24 i (GenBank %5 5%
5 KJ183111.1)F1%8 2 24 i 41 (Schi zothorax wang-
chiachii, GenBank & 3¢5 HQ235943.1)9 /7 5145
1 %%, H Gy A AR L 1396 45 CO T 5L
FF5, W5 1108 66 Rl R A, A:Fh i 755k B
TE 1~312 R Z IR 2).

*1 HESXZNFERASEFIRE COI EREAHARFENMAGE
Tab. 1 Reference sequences of Schizothoracids mitochondrial genomes from GenBank and
their CO | haplotypes defined in this study

GenBank %%

5

IR species FACHGL grade GenBank accession no. haplotype
Ji W £t Aspiorhynchus laticeps Jilf primitive NC_022855.1 Hapl
B BRI 41 Schizothor ax biddul phi JRE primitive NC_017873.1 Hapl
‘BE Wt Chuanchia labiosa F L highly specialized NC _029181.1 Hap4
HM St Schizopygopsis pylzovi i BEEE highly specialized NC_026206.1 Hap4
BRI Gymnocypris dobula = BEHRE highly specialized NC_021419.1 Hap9
AEBEHEAE Gymnocypris eckloni AL highly specialized NC 019605.1 Hap17
TG HIE Gymnocypris przewal skii i EHEME highly specialized NC_008661.1 Hapl7
H A # Gymnocypris przewalskii ganzihonensis ML highly specialized NC_019604.1 Hapl7
AR #EE Gymnocypris potanini I EFE highly specialized NC _031813.1 Hap23
Bram#RE B 1 Gymnodiptychus dybowskii $k specialized NC_028544.1 Hap27
JEE#MEE M Gymnodiptychus pachycheilus Bk specialized NC 023793.1 Hap28
1y FGAR#4m Oxygymnocypris stewartii AL highly specialized NC 022718.1 Hap34
M Gymnocypris waddellii i highly specialized NC_047410.1 Hap34

(fF%E to be continued)
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1 continued)

YRk species FALHH, grade Ger(l}l;?;lr]131<a I;lc(c}::ﬁ;s)ifno. hj;fij{ie
321 " 15 7 Platypharodon extremus FEHEML highly specialized NC_029171.1 Hap37
X444 Ptychobarbus dipogon 1k specialized NC_024537.1 Hap44
R -4 Ptychobarbus kaznakovi F#fk specialized NC 025303.1 Hap55
%{Eﬁ”ﬂﬁﬁl Schizopyge niger J54f primitive NC 022866.1 Hap56
#l&ﬁ‘:?” 11 Schizopygopsis kialingensis B R highly specialized KM879226.1 Hap63
KIEHZLG 4 Schizopygopsis malacanthus chengi FEEHRE highly specialized KT270484.1 Hap64
T i 248 Gymnocypris firmispinatus = BE L highly specialized MW222391.1 Hap66
B2 i An Schizopygopsis malacanthus i EFE highly specialized NC_024880.1 Hap71
RS Schizopygopsis thermalis FEEFE highly specialized NC 021421.1 Hap75
YA Gymnocypris namensis = BEHRE highly specialized NC 021420.1 Hap75
OARES BREE Gymnocypris selincuoensis 1 BE4RME highly specialized MF787293.1 Hap75
Fe 24 1 Schizothorax eurystomus JER primitive NC_036933.1 Hap94
EUII”HE@I Schizothorax kozlovi JEAR primitive NC 027670.1 Hap99
M Z4 i f1 Schizothorax chongi Jilf primitive NC 024621.1 Hap99
ﬁl:lz\%ﬂgﬁa Schizothorax davidi JER primitive NC_026205.1 Hap106
ELIAZLE £ Schizothorax grahami JElf primitive NC 029708.1 Hap106
%38 4 Schizothorax labiatus JFUf primitive NC_023365.1 Hapl113
A28 1 Schizothorax progastus Ji4f primitive NC_023366.1 Hapl13
AT HE 44 Schizothorax nukiangensis JFUf primitive NC_027940.1 Hapl15
/% . Schizothorax lissolabiatus Jiff primitive NC_027162.1 Hapl16
K 22246 1 Schizopyge dolichonema JF4f primitive NC_023979.1 Hapl16
SEJB SR 4 Schizothorax integrilabiatus JFUf primitive NC_036746.1 Hapl17
B 246 f1 Schizothorax molesworthi JFitf primitive NC_037183.1 Hapl17
ﬂﬁﬁ”ﬂﬁﬁl Schizothorax macropogon Ji4f primitive NC_020339.1 Hap130
%248 f1 Schizothorax oconnori Jilf primitive NC _020781.1 Hap143
fﬁz\éﬁgﬁa Schizothorax wangchiachii JER primitive NC_020360.1 Hap143
FF %45 44 Schizothorax prenanti JFUf primitive NC_023829.1 Hap172
IEEEMH’E’&! Schizothorax richardsonii Jilf primitive NC 021448.1 Hap176
hip= L8 £ Schizothorax waltoni J54f primitive NC_020606.1 Hap191
ﬁm&”ﬂgﬁx Schizothorax yunnanensis paoshanensis JEAR primitive KR780749.1 Hap199
WV 2415 1 Schizothorax lantsangensis JRilf primitive NC _026294.1 Hap203
rrfnZii . Ptychobarbus chungtienensis ¢k specialized NC_034230.1 Hap211
BEHFJE 1 Diptychus maculatus F¥#fk specialized NC_025650.1 Hap215
FhAEZUpE 1 Schizothorax sinensis JER primitive MW191514.1: Hap216
RALZLNE £f Schizothorax pseudoaksaiensis J54f primitive NC_024833.1 Hap217
5 11 2416 £t Schizothorax plagiostomus Jilf primitive NC_023531.1 Hap218
JEI/R %L M Schizothorax nepalensis Jiff primitive NC_031537.1 Hap219
Jii 5 L0 #4. Schizothorax esocinus JRE primitive NC_022867.1 Hap220
IS 2405 f1 Schizothorax curvilabiatus Jilf primitive NC 035994.1 Hap221
FIEE#R LGt Schizopygopsis younghusbandi F L highly specialized NC_021409.1 Hap222
mﬁﬁ:wﬁ@ Schizopygopsis stoliczkai B R highly specialized NC_032398.1 Hap223
LEIRARHR L 1 Schizopygopsis kessleri 1 BE4R4E highly specialized NC_045935.1 Hap224
ﬁuB’E?}‘ﬁf‘JB‘ﬁﬁl Schizopygopsis anteroventris =5 B4Rk highly specialized NC_029190.1 Hap225
1124 1 Schizopyge gongshanensis JRlf primitive NC_031803.1 Hap226
/N3 {1 Herzensteinia microcephalus F L highly specialized NC_033403.1 Hap227
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22 BENANSEEER

DnaSP X 245 12517 CO 13K ¥ 51 de e LT
228 AN, FE R Z KT aFh b, 5
FEAEFP NI AR R IR (3R 2), HiPid A 41
SRR SR, W 795 SR AN, 47 ASFb
A, 7E 41 ADFplaj ez i eh 9 A~ [F]
WEL 2SS HITS, b4 2 R &5 3
2% 75, A5 ASEFIN 41% (R
1, 3% 2), FhiIL==ep i 2 fpifa /i i 2,
A 261, 27 63%; HUKCh 3 Ff i M =2 g BAAG A,
A9, i 22%; 4 FFD 5 Ff £ S A LA Y 43
B4 14~ (Hap34)All 4 /~(Hap4. Hapl06, Hapl13
1 Hapl16), 54 1 AHA5RI(Hap75)3% A 6 Fpfa
= (EETEERE, Haps hE TR 90981
i 1451 £f1 (Ptychobarbus kaznakovi, GenBank % 5%
51 MH464921.1) 5 /& B2 FR AL S5 900 B S T 1
(Chuanchia labiosa). & #f%4 i ff(Schizopygopsis
pylzovi) . 4¢3k A #f24 Jii £4(Schizopygopsis kessleri)
FIAEPERRBE AL Hapd [R] At J2 8 J5 2 9n] £ F1 B
TR 2% 7 51, Hap78 W& T i Rk
A2 110 390 4L 24 )7 471 (Schizopygopsis malacanthus,
GenBank %35 : MH464951.1)5 49 45 IH%54%
(LN Lt I PR R i 2o ) e Y
i, 15 28 AN, VKRB GG A ORI 2L DL

i, #2 16 A 2 WA LB (Gym:-
nocypris eckloni), #HE 20 fa . F7 B DL
(Schizopygopsis younghusbandi) . i 2L 1 Fl 24T
Z4Jti £t (Schizothorax nukiangensis), #/3A 10 1N 2).
TE 228 ARG LAY 25878 A~ A B
Xty 3 p-E B R (9.545.0)%, JEA . L AE
FERAESE A5 B T2 p-BE S 530 (4.142.0)%
(6.8+5.0)%1(3.7£2.0)% . J& T i B 45 Ak 25 2 4l
#% (Gymnocypris dobula)i Hap14 F1JE T 5 15 55
KR ZE 14 (Schizothorax lissolabiatus)ft Hap127
ZIA p-BE B IRK, K 19.8%, Wl iE il e f
FiZ [/ CO 1 J¥dl 225 IuHETE 0.0% (FjE) 3
E)~19.8%, EF—RIE, BT 8 FRASHTF
SlryfaFp s, 78 228 MHAERIM, 54 3 AFhr
SH TN ZEF KT 2.0%0 0584 66 14, ¥
K17 Fhta 328 55745 54 H AR NS E T
25 KT 1.0%H/NFETF 2.0% 0 HAERA 19 4,
Wk 9 Bl 89 Z5IF51(3% 2); BEHRIEMLL CO T
R BUFHE LR 27 DGR 5 H S %P5
ZRKF 1.5%, Hog 22 NRTF 2.1%; POl
puall CO 1 BJFoE Ly 15 DAl 6
NMESZEZFINERRKT 1.5%, ARFPE5SHF
G125 S R B Rt B AE i fa P, B Hap78
H5HA%F5 Hap71 M2 R1K 13.7% (£ 2).

&2 GenBank HRE&EEX COI BEFIINABERESSEF5|EM p-EEE
Tab. 2 Haplotypes of Schizothoracids CO | from GenBank and the p-distances between them and references

HAE R FPFECH i AL SR p-FE &5
haplotype  sequence number species grade p-distance
Hapl 3 Jii W) £ Aspiorhynchus laticeps JE4R primitive 0.000
1 B BLKR 2 8. Schizothor ax biddul phi JFA primitive 0.000
Hap2 1 i) fa A. laticeps Jilf primitive 0.002
Hap3 1 FJE ¥ 1. Chuanchia labiosa R L highly specialized 0.002
1 FM MRS Schizopygopsis pylzovi i EERE highly specialized 0.002
1 B Gymnocypris eckloni & EERE highly specialized 0.046
Hap4 3 ‘BIE T C. labiosa & EERE highly specialized 0.000
5 WP S pylzovi = B RRE highly specialized 0.000
1 BT G. eckloni R L highly specialized 0.044
1 SEIRAR# A Lt Schizopygopsis kessleri L highly specialized 0.008
1 PRLAE M- J £ Ptychobarbus kaznakovi ¥4k specialized 0.088
Hap5 1 HIg A C. labiosa = EERRE highly specialized 0.004
1 HIRADLE S pylzovi L highly specialized 0.004

(¥4 to be continued)
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HfEHY gkl 4 i AL p-HE 2
haplotype  sequence number species grade p-distance
Hap6 1 HIE ¥ C. labiosa R L highly specialized 0.002
Hap7 2 BB C. labiosa i EERE highly specialized 0.002
1 HIRADLE S pylzovi L highly specialized 0.002
1 R HEE G. eckloni = E L highly specialized 0.042
Hap8 1 BEEJE 1 Diptychus maculatus ¥k specialized 0.021
Hap9 15 BT Gymnocypris dobula R L highly specialized 0.000
5 IR RHRZLGLA Schizopygopsis thermalis L highly specialized 0.002
3 e bl Schizopygopsis younghusbandi R EE4RME highly specialized 0.006
Hap10 2 ¥l G. dobula & EEE highly specialized 0.002
Hapl1 1 ¥l G. dobula & EEE highly specialized 0.004
Hap12 1 il G. dobula = JEHFRE highly specialized 0.004
Hapl3 1 ORI #E G. dobula R L highly specialized 0.004
Hap14 1 ORI #E G. dobula L highly specialized 0.048
Hap15 1 O # AR G. dobula B L highly specialized 0.002
Hap16 1 EPEHLE G. eckloni & RERE highly specialized 0.002
Hap17 3 EPEHLE G. eckloni & RERE highly specialized 0.000
4 FIFHRL Gymnocypris przewal skii w5 L highly specialized 0.000
1 H A #4 - Gymnocypris przewalskii ganzihonensis " BEHRME highly specialized 0.000
Hapl8 2 AEBEHEAE G, eckloni R L highly specialized 0.004
Hap19 2 AEBEHLEE G. eckloni F S HRME highly specialized 0.002
1 FHIFWHEY G. przewalskii & EERE highly specialized 0.002
Hap20 1 AEPEHLE G. eckloni & EERE highly specialized 0.002
Hap21 1 ALBEHLAE G. eckloni = L highly specialized 0.006
Hap22 37 T I #E4E - Gymnocypris firmispinatus R L highly specialized 0.002
Hap23 11 FAVE AT Gymnocypris potanini R L highly specialized 0.000
Hap24 1 THEEARET G, przewal skii L highly specialized 0.002
1 HHM#HHE G. p. ganzihonensis & EERE highly specialized 0.002
Hap25 1 HHF WAL G. przewalskii & EERRE highly specialized 0.002
1 HH#a G. p. ganzihonensis 5 L highly specialized 0.002
Hap26 1 FHFROL G. przewalskii L highly specialized 0.002
Hap27 2 Bt EE 1 Gymnodiptychus dybowskii $54L specialized 0.000
Hap28 5 JEE#E E M Gymnodiptychus pachycheilus ¥k specialized 0.000
Hap29 1 ER#EJEf G. pachycheilus $¢fk specialized 0.002
Hap30 2 /N3k i R £ Herzensteinia microcephalus = FERRE highly specialized 0.017
Hap31 4 /ML R £ H. microcephalus w5 L highly specialized 0.015
1 IR ZL5 . Schizopygopsis malacanthus L highly specialized 0.015
Hap32 1 /Nk R f8 H. microcephalus R L highly specialized 0.015
Hap33 2 Hr G #E Oxygymnocypris stewartii R E4RME highly specialized 0.002
Hap34 8 WA HEY O. stewartii = E L highly specialized 0.000
3 B#Z L S malacanthus B L highly specialized 0.073
2 PipERE LA S, younghusbandi = L highly specialized 0.084
1 i R Gymnocypris waddellii R L highly specialized 0.000
Hap35 3 321 Jj WA 14 /71 Platyphar odon extremus L highly specialized 0.002

(fF%E to be continued)
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(8232 Tab. 2 continued)

HfEHY FFHECH fFip AL p-H B
haplotype  sequence number species grade p-distance
Hap36 1 M2 i W 15 . P. extremus R L highly specialized 0.004
Hap37 3 Wit i W5 4 P. extremus B L highly specialized 0.000
Hap38 1 Wt R W5 £ P. extremus B REE highly specialized 0.008
Hap39 1 R4 fa. Ptychobarbus dipogon Fifk specialized 0.006
Hap40 1 WSt P. dipogon ¥k specialized 0.002
Hap41 1 X4 f P. dipogon H#fk specialized 0.006
Hap42 1 X4 f P. dipogon 1k specialized 0.002
Hap43 1 BRI fa P. dipogon ¥k specialized 0.006
Hap44 3 X244 P. dipogon 51k specialized 0.000
Hap45 1 X444 P. dipogon 1k specialized 0.006
Hap46 5 WAF- St P. dipogon ¥k specialized 0.002
Hap47 2 WS- 2 fi P. dipogon F¢fk specialized 0.006
Hap48 2 MR i P. kaznakovi F¢fk specialized 0.021
Hap49 1 BRIE -4 P. kaznakovi Fifk specialized 0.011
Hap50 1 M il fa P. kaznakovi $:4b specialized 0.002
Hap51 1 HE - Jiita P. kaznakovi $:4b specialized 0.002
Hap52 1 Wit P. kaznakovi Hifk specialized 0.011
Hap53 4 PRIE- 20 P. kaznakovi 1k specialized 0.010
Hap54 1 PRIE- 20 £ P. kaznakovi ¥EML specialized 0.002
Hap55 2 FRIE IR { P. kaznakovi ¥4k specialized 0.000
1 FEFM-Z5i 8 Ptychobarbus chungtienensis gezaensis ¥4k specialized P
Hap56 6 B EZLE f0 Schizopyge niger JF A primitive 0.000
5 0241 1 Schizothorax plagiostomus JE4f primitive 0.048
Hap57 1 BEMEAE M S niger JF4h primitive 0.010
Hap58 1 BEMEAE M S niger JFL4f primitive 0.011
Hap59 2 BB MR S niger JE IR primitive 0.011
Hap60 2 HiME #2151 Schizopygopsis anteroventris B L highly specialized 0.002
Hap61 1 HIE#ZL50fn S anteroventris & EERE highly specialized 0.006
Hap62 1 B AR M S, pylzovi = JEHRRE highly specialized 0.002
1 IR ARMZLA S, kessleri R L highly specialized 0.010
Hap63 3 FBEHSL M Schizopygopsis kialingensis L highly specialized 0.000
Hap64 4 KIEREZLPLAL Schizopygopsis malacanthus chengi B REME highly specialized 0.000
Hap65 1 KIEWZGL S m. chengi i BEERE highly specialized 0.002
Hap66 26 B#Z L S malacanthus = EHE highly specialized 0.021
1 g g E8 G. firmispinatus = B FEfk highly specialized 0.000
Hap67 3 oL S malacanthus R L highly specialized 0.019
Hap68 45 BoR#3bLf S. malacanthus R L highly specialized 0.002
Hap69 24 g S malacanthus L highly specialized 0.004
Hap70 3 B#Z L S malacanthus = ML highly specialized 0.023
Hap71 6 g ipifn S malacanthus B EEE highly specialized 0.000
Hap72 2 BFO#E 2L S malacanthus = JEFRE highly specialized 0.004
Hap73 1 ol S malacanthus L highly specialized 0.004
Hap74 13 B3 S malacanthus L highly specialized 0.032
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AR JPA 4 H fhr Fif WAL R p-1HH
haplotype  sequence number species grade p-distance
3 HipE#E LBt S, younghusbandi = EEHR4E highly specialized 0.002
Hap75 4 RIS S thermalis R BE4RME highly specialized 0.000
2 YIARGEHEE Gymnocypris namensis L highly specialized 0.000
1 O MAE R Gymnocypris selincuoensis = JE 4L highly specialized 0.000
1 hipE#Zdpifh S younghusbandi L highly specialized 0.004
27 gl S malacanthus B EERE highly specialized 0.031
1 E AL G, waddellii = HFIE highly specialized 0.080
Hap76 1 HH#EZ G 8 S. malacanthus R L highly specialized 0.032
Hap77 1 HH#EZ G S malacanthus L highly specialized 0.006
Hap78 49 JE /52418 1 Schizothorax wangchiachii JElf primitive 0.044
1 H#Z L S malacanthus 5 B HE4L highly specialized 0.137
Hap79 1 HM AL S pylzovi B EERE highly specialized 0.002
Hap80 1 o REE AT G. selincuoensis w5 BERE highly specialized 0.002
Hap81 1 (o pREE AT G. selincuoensis R L highly specialized 0.002
Hap82 1 (o pREE AT G. selincuoensis R L highly specialized 0.002
Hap83 1 ML G. selincuoensis i BE4RME highly specialized 0.002
Hap84 2 i1, \iﬁﬂ%%%%ﬁﬁ Schizopygopsis stoliczkai bangongensis 75 474k highly specialized P
Hap85 1 IREAR S S thermalis L highly specialized 0.002
Hap86 1 iﬁyﬁ%fﬂé%éﬁg S. thermalis B EERE highly specialized 0.002
Hap87 1 e Rt S. younghusbandi w5 L highly specialized 0.006
Hap88 1 HrpERR R Rt S, younghusbandi R L highly specialized 0.008
Hap89 1 HrpERRZLR S, younghusbandi L highly specialized 0.004
Hap90 1 hrgEt A pifa S younghusbandi R B 4RME highly specialized 0.006
Hap91 2 FIpE# S5 1 S, younghusbandi [ EEE highly specialized 0.006
Hap92 2 (246 1 Schizothorax argentatus JF4A primitive x%
Hap93 1 HERE M S argentatus JFfh primitive e
2 193*”?”}@@ Schizothorax pseudoaksaiensis JFilf primitive 0.046
Hap94 1 1246 1 Schizothorax eurystomus Ji4f primitive 0.000
1 i}kiﬁ Z4JE 1 S. biddulphi JEUR primitive 0.059
Hap95 1 MZE 4 S eurystomus JFlH primitive 0.002
2 tﬂi/k%%ﬂﬁ@ S. biddulphi JE A primitive 0.057
Hap96 1 JEHRZE S, biddulphi JF4f primitive 0.059
Hap97 1 EHARZE S, biddulphi Jif primitive 0.059
Hap98 5 Y26 5 Schizothorax chongi JifE primitive 0.004
Hap99 18 PU )i 245 £6 Schizothorax kozlovi JEUR primitive 0.000
57 K222t Schizopyge dolichonema JF A primitive 0.011
4 20 5 41 fa Schongi JE4R primitive 0.000
Hap100 1 AMEKZIHE 1 S, chongi JEf primitive 0.002
Hap101 1 MiKZLHE 1 S, chongi JFlf primitive 0.004
Hap102 1 MiZeHE 1 S, chongi Jilf primitive 0.004
Hap103 7 M ”H’Eﬁl Schizothorax curvifrons JEUR primitive T
Hapl04 3 IS %L 1 Schizothorax curvilabiatus JE A primitive 0.004
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(8232 Tab. 2 continued)
HfEHY gkl 4 i AL p-JH 2
haplotype  sequence number species grade p-distance
1 i %4 /1 Schizothorax waltoni Jif primitive 0.013
Hapl05 2 IBHME S curvilabiatus JEA primitive 0.002
Hapl06 11 HZE 1 Schizothorax davidi JE A primitive 0.000
1 EWAZ4E fi Schizothorax grahami Jith primitive 0.000
9 K222 4 S. dolichonema JFA primitive 0.006
3 FF O %E 1 Schizothorax prenanti J5f primitive 0.002
2 rh4EZ4fE . Schizothorax sinensis JifE primitive 0.002
Hap107 1 WO S davidi JE IR primitive 0.002
Hapl08 4 K2 ZE S dolichonema JEUR primitive 0.013
Hap109 1 K225 S dolichonema JFls primitive 0.008
Hap110 3 K225 1 S dolichonema JEth primitive 0.008
Hapll1 1 K2%E S dolichonema JifE primitive 0.008
Hapl12 2 Jii M5 245 1. Schizothorax esocinus JifE primitive 0.006
1 1§54 S, plagiostomus JElf primitive 0.025
1 4 JE %6 1 Schizothorax |labiatus JE A primitive 0.002
Hapl13 2 2RAE A S labiatus JRls primitive 0.000
6 By %4 f1 Schizothorax progastus JFfh primitive 0.000
5 JRWEAE S esocinus Jif primitive 0.004
17 B %E fm S plagiostomus Jif primitive 0.023
35 T G4 ff Schizothorax richardsonii Jifh primitive 0.002
Hapl14 1 BT L2408 fi Schizopyge gongshanensis Jith primitive 0.010
Hapl15 17 T2 S gongshanensis JEf primitive 0.002
35 JeIEZNE f1 Schizothorax lissolabiatus JFfh primitive 0.034
198 RY1LZ4HE 1 Schizothorax nukiangensis Jitf primitive 0.000
Hapll16 1 SR #E S lissolabiatus JifE primitive 0.000
1 K2 345 4 S dolichonema Jith primitive 0.000
24 RWAE 4 S grahami JE A primitive 0.006
1 FFIIZE S prenanti JElf primitive 0.008
15 B E 5 S, wangchiachii Jifh primitive 0.042
Hapl17 6 SEIR %48 fi Schizothorax integrilabiatus Jf#k primitive 0.000
6 B2 1. Schizothorax molesworthi JF4h primitive 0.000
Hapl18 1 MU S kozlovi Jifh primitive 0.002
Hapl19 1 I ZE ff S kozlovi JF A primitive 0.010
Hap120 5 2RAE A S labiatus JE A primitive 0.011
Hapl21 1 £EME M S labiatus J5th primitive 0.008
Hap122 1 2JF%E M S labiatus JifE primitive 0.004
1 B %E fm S plagiostomus J5f primitive 0.027
Hap123 1 18 1 246 £t Schizothorax lantsangensis J5lf primitive 0.050
Hap124 1 TR ZE A S lantsangensis Jils primitive 0.046
Hapl25 1 StBAE S lissolabiatus JFls primitive 0.034
Hap126 3 R M S lissolabiatus JFth primitive 0.029
1 ~HZ4ME 1 Schizothorax yunnanensis yunnanensis — Jilif primitive PiE ]
Hapl127 1 SR HNE 4 S lissolabiatus JifE primitive 0.055
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HfEHY gkl fFip AL p-HE 55

haplotype  sequence number species grade p-distance
Hapl128 2 SeIBHNE 1 S lissolabiatus JifE primitive 0.036
Hap129 1 FiJii %45 i Schizothorax macropogon Jifh primitive 0.002
Hap130 10 FLZi%iE 1 S macropogon JEh primitive 0.000
Hap131 1 F /4 4 S macropogon JElf primitive 0.004
Hap132 1 AR S molesworthi JE R primitive 0.027
Hap133 1 BAAE M S molesworthi Jfik primitive 0.002
Hapl134 9 BT ZIME 8 S nukiangensis JifE primitive 0.002
Hapl35 65 BIT R4 S nukiangensis JRLf primitive 0.002
Hap136 19 AT ZE 8 S nukiangensis JE A primitive 0.002
Hap137 2 BTG 1 S, nukiangensis JE4R primitive 0.002
Hap138 2 BITZE 1 S nukiangensis JE R primitive 0.002
Hap139 10 BITZME 1 S nukiangensis JifE primitive 0.002
Hap140 2 BITZIME 8 S nukiangensis JitE primitive 0.002
Hapl41 2 BT HE 4 S nukiangensis JEA primitive 0.002
Hap142 3 BTG S nukiangensis JE A primitive 0.002
Hap143 14 S Z40E 1 Schizothorax oconnori JE A primitive 0.000
MLt S, wangchiachii JELh primitive 0.000
Hapl44 4 S AAE M S oconnori Jif primitive 0.002
Hap145 1 S AE M S, oconnori Jif primitive 0.002
Hap146 1 S AE M S oconnori JFdR primitive 0.002
Hap147 1 SGZNE A S oconnori JEA  primitive 0.002
Hap148 1 24 1 Schizothorax pelzami JF4A primitive x%
Hap149 1 D2 S plagiostomus JEfh primitive 0.031
Hap150 2 B ZE fm S plagiostomus J5f primitive 0.059
3 FHICHAE 1 S, richardsonii J5f primitive 0.046
Hapl51 3 R E 4 S plagiostomus JFlE primitive 0.021
1 i 4 S progastus JElf primitive 0.002
Hap152 1 M E 1 S plagiostomus Jif primitive 0.025
2 AR 1 S, progastus JFth primitive 0.002
Hap153 6 B 24 f S plagiostomus JiE primitive 0.025
Hapl54 2 B e fm S plagiostomus Jif primitive 0.023
Hap155 1 B4 fn S plagiostomus Jifh primitive 0.025
Hap156 1 M6 1 S plagiostomus Jif primitive 0.015
Hap157 2 M2 4 S plagiostomus Jif primitive 0.029
Hap158 1 SO 2 S plagiostomus JFth primitive 0.017
Hap159 1 B %E fm S plagiostomus J5f primitive 0.017
Hap160 1 B %E fm S plagiostomus J5f primitive 0.017
Hapl61 1 B E 4 S plagiostomus JFlE primitive 0.017
Hap162 1 M5 1 S plagiostomus Jif primitive 0.031
Hap163 1 M6 1 S plagiostomus Jif primitive 0.031
Hapl64 1 MO 2 S plagiostomus JFth primitive 0.031
Hap165 1 B %E fm S plagiostomus J5f primitive 0.025
Hap166 3 B %E fm S plagiostomus J5f primitive 0.029
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AR gkl fFip AL p-HE 55
haplotype  sequence number species grade p-distance
Hap167 4 O 2 S, plagiostomus Jilf primitive 0.027
8 HiZ4fE S progastus JElf primitive 0.004
5 FHCZE 4 S richardsonii JE A primitive 0.006
Hap168 2 M 4E 1 S plagiostomus Jilf primitive 0.023
9 PHICHAE B S, richardsonii Jitfh primitive 0.006
Hap169 4 O S, plagiostomus Jilf primitive 0.025
7 AIZHE f S progastus Jif primitive 0.002
1 IEEE””H’E@ S. richardsonii JEA primitive 0.004
Hap170 3 M2t S plagiostomus Jif primitive 0.027
Hapl71 1 M2 S plagiostomus Jif primitive 0.025
Hap172 9 FFO%E M S prenanti JEH primitive 0.000
Hap173 2 FORE M S prenanti JF4A primitive 0.002
Hap174 6 %M S progastus JF4f primitive 0.004
Hap175 1 AiZfE 0 S progastus JRLf primitive 0.052
Hapl76 1 MHCZE 4 S richardsonii JEA primitive 0.000
1 i 4 S progastus JE4R primitive 0.002
Hap177 1 A E M S progastus JE4f primitive 0.006
Hap178 1 AT E 0 S progastus JF4f primitive 0.002
Hap179 5 PHICZAE 2 S richardsonii JifE primitive 0.048
Hap180 1 PGSR 4 S richardsonii JRLf primitive 0.090
Hap181 1 BHICZE 4 S richardsonii JEA primitive 0.004
Hap182 1 PHECZE 4 S richardsonii JE A primitive 0.004
Hap183 1 PIFCZUE 1 S, richardsonii JFth primitive 0.002
Hap184 1 PHICZAE . S richardsonii JifE primitive 0.004
Hap185 1 PHICZAE 2 S richardsonii JifE primitive 0.004
Hapl86 2 FHEC ) {4 S, richardsonii JRlf primitive 0.006
Hap187 1 BHICZE 4 S richardsonii JE A primitive 0.008
Hap188 1 IEEE”H‘E@ S. richardsonii JE A primitive 0.004
Hap189 2 i fEZiE S sinensis JEf primitive 0.006
Hap190 1 hiEZiE S sinensis J5lf primitive 0.006
Hapl191 10 PipEZE S waltoni JifE primitive 0.000
Hap192 1 P AE 4 S waltoni JEUf primitive 0.002
Hap193 3 KN ZE 1 S wangchiachii JER primitive 0.048
Hap194 5 KA ZE 1 S wangchiachii JER primitive 0.042
Hap195 9 JEAZE 1 S. wangchiachii JFth primitive 0.046
Hap196 8 SRR 1 S wangchiachii JifE primitive 0.046
Hap197 25 K2R 5 S wangchiachii JifE primitive 0.050
Hap198 1 KM £ S, wangchiachii JEUR primitive 0.042
Hap199 24 {1246 40 Schizothorax yunnanensis paoshanensis — JRif primitive 0.000
Hap200 10 fR1LIZHE S y. paoshanensis Jif primitive 0.002
Hap201 1 A ZUE S sinensis JFA primitive 0.004
Hap202 1 2B S pelzami JF4h primitive 1%
Hap203 2 TR ZHE 5 S lantsangensis JifE primitive 0.000
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HLfE T g2kl fa AL SR p-HE B
haplotype  sequence number species grade p-distance
Hap204 1 PN Z4pE fa S, kozlovi JELA primitive 0.010
Hap205 1 FRMEZLRE £ S, esocinus JE4R primitive 0.010
Hap206 1 2418 11 Schizothorax cryptolepis JFth primitive xZ
Hap207 1 EH AR S, biddulphi J5f primitive 0.057
Hap208 1 i F RSG5 Schizopygopsis stoliczkai L highly specialized 0.013
Hap209 1 EARESHREE G. selincuoensis = JE 4L highly specialized 0.002
Hap210 1 gl S malacanthus = EEFRE highly specialized 0.046
Hap211 1 KIAM- 70t S. c. gezaensis 51k specialized 5
2 HhfEM-Jiif Stychobarbus chungtienensis 74k specialized 0.000
Hap212 1 BrimitEE M G. dybowskii L highly specialized 0.067
Hap213 1 AEBEHEAE G, eckloni L highly specialized 0.002
Hap214 1 #HI AT Gymnocypris eckloni scoliostomus L highly specialized b
Hap215 2 JEEJE £ D. maculatus 51k specialized 0.000
Hap216 1 idEZiE S sinensis JE4R primitive 0.000
Hap217 1 ALK 1 S, pseudoaksaiensis JFth primitive 0.000
Hap218 1 B %E fm S plagiostomus J5f primitive 0.000
Hap219 1 JeIH/RZ4E 1 Schizothorax nepalensis JifE primitive 0.000
Hap220 1 J W Z4E 1 S, esocinus JEUR primitive 0.000
Hap221 1 IBZNE A S curvilabiatus JFls primitive 0.000
Hap222 1 Pige gLl S younghusbandi # AL highly specialized 0.000
Hap223 1 R S, stoliczkai = REME highly specialized 0.000
Hap224 1 IR AR S, kessleri R L highly specialized 0.000
Hap225 1 WIS #EZpLt S, anteroventris R L highly specialized 0.000
Hap226 1 T2 G 1 S gongshanensis B EEHEE highly specialized 0.000
Hap227 1 /NS JE A H. microcephalus L highly specialized 0.000
Hap228 1 JRI/R 4 S nepalensis Jf4A primitive 0.002
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Validity of the CO | sequences from Schizothoracids in GenBank as a
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Abstract: The validity of the mitochondrial cytochrome C oxidase subunit I (CO I) sequences from Schizothoracids in
GenBank as a molecular marker was determined in this study. Multiple sequence alignment, divergence from
reference sequence assessment, and phylogenetic reconstruction were employed to evaluate the sequence
homology, species diagnosis, and phylogenetic resolution of CO I sequences from Schizothoracids in GenBank.
The primary alignment result for 1431 downloaded sequences revealed three sequences with significantly large
indels; however, their homologous status was questionable. BLAST search and sequence information in GenBank
confirmed that these sequences were Schizothoracid CO I sequences that were submitted as complements.
Accordingly, prior to alignment, complement transition of these sequences should be carried out. Complete
multiple sequence alignment revealed that all Schizothoracid CO I fragments in the GenBank nucleotide database
were from near the 5’ end to the middle of this coding gene. To retain more variation information, 35 short
sequences were eliminated from the dataset. As a result, 1,396 sequences with 527 bp were analyzed, and 228 CO I
haplotypes were defined. Intra-specific sharing haplotypes were common in species with multiple available
sequences. However, 41 inter-specific sharing haplotypes were shared by more than one species. The average
pairwise p-distance within the Schizothoracid CO I haplotypes was 9.5%, which is comparable with the cogeneric
species level in fish. The average pairwise p-distances within the primitive, specialized, and highly specialized
Schizothoracids were even shorter, a character of recent radiation that may reflect a short speciation history mainly
driven by the elevation of the Qinghai-Tibet Plateau. Specimen misidentification was found in some
Schizothoracid CO I sequences in GenBank, suggesting confirmation steps before use, such as comparison with
reference sequences or inference from the phylogenetic reconstruction. Generally, the CO I sequence is a good
molecular marker for Schizothoracids identification and primary evolutionary analysis, and the phylogenetic
relationships among the three evolutionary grades of Schizothoracids are well resolved using this marker.
Integrative analyses, including morphology, ecology, mitochondrial and nuclear DNA diversity, and phylogeny,
would aid in taxonomic resolution and further investigation of hybridization and speciation in Schizothoracids.
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