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Mitochondrial genome sequence characteristics and
phylogenetic analysis of Schizothorax argentatus

LIU Yuping', HU Jianyong?, NING Zijun', XIAO Peiyi', YANG Tianyan"’

1 Fisheries College, Zhejiang Ocean University, Zhoushan 316022, Zhejiang, China
2 Xinjiang Fishery Research Institute, Urumgqi 830000, Xinjiang, China

Abstract: Schizothorax argentatus that only distributes in the Ili River basin in Xinjiang is one
of the rare and endangered species of schizothorax in China, thus has high scientific and
economic values. In this study, the complete mitochondrial genome sequence of S. argenteus
with a length of 16 580 bp was obtained by high-throughput sequencing. The gene compositions
and arrangement were similar to those of typical vertebrates. It contained 13 protein-coding
genes, 22 tRNA genes, 2 tTRNA genes, and a non-coding region (D-loop). The nucleotide
compositions were A (30.25%), G (17.28%), C (27.20%), and T (25.27%), respectively,
showing obvious AT bias and anti-G bias. Among the tRNA genes, only tRNA-Ser'““" could
not form a typical cloverleaf structure due to the lack of dihydrouracil arm. The AT-skew and
GC-skew values of the ND6 gene were fluctuating the most, suggesting that the gene may
experience different selection and mutation pressures from other genes. The mitochondrial
control region of S. argenteus contained three different domains, i.e., termination sequence
region (ETAS), central conserved region (CSB-F, CSB-E, CSB-D, and CSB-B), and conserved
sequence region (CSB1, CSB2, and CSB3). The conserved sequence fragment TT (AT) nGTG,
which was ubiquitous in Cypriniformes, was identified at about 50 bp downstream CSB3.
Phylogenetic relationships based on the complete mitochondrial genome sequence of 28
Schizothorax species showed that S. argenteus had differentiated earlier and had a distant
relationship with other species, which may be closely related to the geographical location and
the hydrological environment where it lives.

Keywords: Schizothorax argenteus; mitochondrial genome; sequence analysis; phylogenetics
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g+ A 24%P, B0 S fh(Schizothorax
argentatus Kessler, 1874), J2AU /A1 FHEHLIX

http://journals.im.ac.cn/cjben

P4 B IR W A0 - BT r A 7K 2R B 3R D st AP A
B —FR R fE 2, OB aEAR A 1) 7 R
i fa 2 2 — B AR A SR IR IR R K X
A BRI A bR o, AR 2 a8 T s LA
RIS, AR T BRI AY LI AR IR
H, BERSAE IV IR . T FE UK S0 15 4 B
355 o DR B HT )32 £ 285 DA 16 s BT 3 ) L JRR £+
At 2 R P AL =0, 20 42 60 4REAR
A SR AL R EA BT, TR 60%
DL, 20 tHed 70 AR, TR EE e A



NEF BARERES SR EERARII TSRS

AR HA 35 K B B 2 DL S R AL S ke £ 2 1Y
N TAEAE, H (0 2N 0 B A B 5 A0 el 22 I K 46
AIBEHT ) RS RO R R A S TR A T
YE. BHET, WS ALmmERn HAL LR Fa 248
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A /NEER A, th T H R B REHE  A5HTR
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FEAAXS R SRR R I N TR AL RS
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KR BRI L ke R A S T RSO,
AR, DNA NP HE AR B E A5 Ay PR v Hh gk H
S LR AL DR A B S it T RO A R B, Bk
M M RNE AL RR DNA 27 5 g AH A
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AR SE R 2 27 9 AT 1 00 NS R R 53
WAL 28 i S b 2R ORI IR SE R L E AT L
XF, R0 TR 2R 1 F RGEKRE R
e, BFFEEE S LA Ry i 0 S £ 1 o o 6 a5
1R Z RGP SR LR (F o

R

1.1 SCIGMHELFD DNA $2EX
AWFFE AR O faFE T 2017 A2 9 ARA
T 1 B 8 4 R B R G AL S g A
(43°72'N, 81°85'E), BYEGHR4> 1 30 it AL A 2121
F 1.5 mL EP &.0E W, BILT 95%PHK A2
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1.2 SEENFMEEER

JECRE 5 A% 9 DNA 40K ] Covaris 875 i1
W REA BEAILIT B Bl 300 bp 24 BB,
P AR (0 3 £/ BB N 41 DNA SO, =46
TR TE QB PR AT R R AR T Hiseq 2500
e P S H#E T F . A SOAPdenovo
2.04 %A (http://soap.genomics.org.cn/soapdenovo.
html)!" XA clean reads JET41%%, IFEET
reads %) XK ¥ (paired-end) F1 55 & (overlap) & 7
SCEL SRR A g R AL s f ] GapCloser 1.12
B fF (http://soap.genomics.org.cn/soapdenovo.
htm)!" M BE4% scaffold it B 51 A MY gap #1734
MBS, 5 EBRICAR BT 515 8 e Ja 1 2H
ek 0 g ] NOVOPIlasty Ik 2 A 5 K]
LA TR IBORNZH 26 , 4 PFHAS 3] 1 58 B SO A8
W4l )5 4 & & MITOS M 31 Ik 45 #%
(http://mitofish.aori.u-tokyo.ac.jp/) #1725 F Jii 4
L . RNA FEEGmIS X AR, JEHLIAT
B X0 A2 U e 28 1 PR ) 07 8 PR BE A AR
1.3 SBRENFEERVEIE

KT A T e A A e
DA 2 RAT () R 0 2R N 0 R % 1 P 4 b Ak 4
) AtEAR, f# ] Primer Premier 6.0 3X{Fi% 11
L A0 B i LR A SR D ZH 9 11 % PCR 4
51N 1 s g 51 A TAY) TR
() B A BR 2 75 Ao

25 uL B PCR WA F Ny : TaKaRa LA Tag
(5 U/uL) 0.25 pL, 10xLA PCR Buffer II (Mg*
Plus) 2.5 pL, dNTPs (2.5 mmol/L) 4 pL, 10 pmol/L
51914 1 uL, 50 ng/uL ) DNA #iti 1 uL,

: cjb@im.ac.cn



2968 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

*1 RERESLNAERERN PCRIIYER

Table 1 Primers designed according to the mitochondrial genome sequence of Schizothorax argentatus
Primer name Primer sequence Primer location (bp) Length (bp)  Annealing temperature (°C)
IF CAAGGGAATTCAGCAGTG 227-244 2 115 52
IR TAGGAAGTTTTCCCAGTC 23602377

2F GCAGAAGCGGGTATAATA 22002217 2 447 50
2R GCGGAGGTCATAATAATG 4 665-4 682

3F AACTTGCCCCATTCGCAC 4 445-4 462 2 181 51
3R TCAGTGCACAAAGGCTGC 6 644-6 661

4F TCCTATTTACAGTGGGAG 6 510-6 527 545 50
4R AGTGACAGAGTGGTTATG 7 073-7 090

5F AATCAAATTAACGAGAAA 7014-7 031 2 476 57
5R CGAAGTGTCAGTATCAGG 9 508-9 525

6F ACATCTGAACACCATTTT 9474-9 491 2225 55
6R GCACCACCCTCATATGAG 11 717-11 734

7F GACTTCAACCATTCCACA 11 634-11 651 1351 59
7R TTGCTCGTCGTTTAGGCT 13 003-13 020

8F CCTTAACCCAGAATGATA 12 833-12 850 814 55
8R TTTGCCATGGTCATTTGT 13 665-13 682

9F ACTCAAACTCACCCTAGG 13 578-13 595 1789 53
9R ATGTTCTACTGGCATTCC 15385-15 404

10F ATTCTCTCCCAACCTGCT 15 099-15 116 1 066 56
10R AGTGTTCGACCTTGAATA 16 183-16 200

11F TGTCTCATTACCCCACAT 16 08516 102 1041 50
11R TAAGCTGATGCTCGTAGT 564-581

ddH,0 15.25 pL, PCR SV 2 A : 94 °CHilAL
P 5 min; 94 °C7AEYE 45 s, 50 °C—59 °CiR K 45 s—
1 min (AN [R5 935 F )R KOS AN [R]), 72 °CHE
fit 1 min, 3L 35 AMEF; 72 °CLEMf 10 min,
JE RAFIEE R Bl 4 °C. RT3 PCR H Bt
ZEWREEN 1.5%IM BB BE I P Dk A /S, {8l ]
Tanon 2500 F 414> A sh&EIE G0 Hr RGEAA IR,
G HIAE SR 2 A TAEY) TR (i) ey A R
o8 ) AT R I o
1.4 HESH

K FTELE 3 /4F tRNAscan-SE (http:/trna.ucsc.
edu/tRNAscan-SE/) Tl tRNA J [K ) e 2544 ;
FIF RNAcentral %34 (https://racentral.org/)!"*'f)
Visusalise RNA 2D Structure (R2DT)T. H.2: 1|
rRNA 24544 ; ] RNAfold #fF(http://rna.tbi.
univie.ac.at/cgi-bin/RNAfold.cgi)i14 rRNA JE[H
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) A BEME ; SR MEGA-X 344! 53 iR 4i
B AN RS FHG O, 7158 AT-skew Fl GC-skew
{312 Fi} Microsoft Excel {4 EA 74 Il 73 A o A
GenBank (https://www.ncbi.nlm.nih.gov/) £ #i& /£
Kz IF T3 28 PG f0Ja f R BRI R 21 4
A (FR 2), VIR (Cyprinus carpio: KF856965)
I AER JI 40 (Spinibarbus sinensis: KF214722)
YERAMEE, BT RBRZIEEEFER 12 1~ EH
Yt LR (L 8% gmtS i) ND6 FER R A1) EREE 751

o 3 E A & KL AR 5 (maximum  likelihood
method, ML)!"™ F1 01 M- 7 : (Bayesian method,
B!y R 0 )d R R A kb . il
MEGA-X""ifT Z & I8 ML ., gt
BI A AEBRANT , % LU 9 FASTA SCIF#E A
NEXUS 3045 B H 5 A CIPRES 4% (https://'www.
phylo.org/)*")5 % B S HOF TR fE R
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FigTree v1.4.4 X RGE K EW AT H4E . 14
# ML REMZHT, JeffiH jModelTest 2.1.7 4K
AP FRE B ARifE(Akaike information criteria,

ARG Y GC F il 38.17%, Q20 {H
A 96.11, Q30 {E K 91.10, FR (245 f EL R4 A |
TGS EAT, BT C. Gk, AEEIRS

BIE N (] 1A), MAERRL . 28 0k5 el & Ak
A B L A8 R 4R B I = T HAD read v B (K
1B). LA 435 J 44 2 B v 3 e 00 o 0000 o A

AIC) T i e id A R WA HKY+HI+G,

2 ZERE54

2.1 SEENER Sk R S P45 IR SRR B D A2 S AN oMo — T &
I 4 R N AR A AR Y JF AT GC-depth TERRAESAMF T EPEIAMA A . I L

5 reads FIZHZERILRIIARTER AT, IR 2E
JFAIR) GC & it reads s IR E T4 T KT 2

FEARE R 5 065 Mb, 3 IBAN IS A9 A RCBUR
w4 518 Mb, fli A K BFEK N 458 bp.

®2 RGERESTHERNYIMSETIR

Table 2 Species taxonomy used in phylogenetic analysis

Species A+T (%) Length (bp) GenBank accession No.
Schizothorax esocinus 55.25 16 591 KT210882
Schizothorax wangchiachii 55.40 16 593 KC292197
Schizothorax lissolabiatus 54.95 16 583 KP796150
Schizothorax plagiostomus 55.23 16 563 KT184924
Schizothorax griseus 55.08 16 586 MF688995
Schizothorax macropogon 55.32 16 588 KC020113
Schizothorax grahami 54.93 16 584 KU234535
Schizothorax waltoni 55.30 16 589 JX202592
Schizothorax lantsangensis 54.92 16 580 KP143725
Schizothorax richardsonii 55.36 16 592 KC790369
Schizothorax nepalensis 55.42 16 589 AP011207
Schizothorax nukiangensis 55.16 16 585 KT223584
Schizothorax prenanti 55.03 16 587 KJ126773
Schizothorax progastus 55.22 16 575 KF739399
Schizothorax labiatus 55.24 16 590 KT944287
Schizothorax kozlovi 54.98 16 585 KJ755668
Schizothorax chongi 55.01 16 584 KJ718889
Schizothorax pseudoaksaiensis 55.55 16 582 KMO079630
Schizothorax oconnori 55.45 16 590 KC513575
Schizothorax argentatus 55.52 16 580 Study
Schizothorax yunnanensis 55.10 16 585 KP892531
Schizothorax dolichonema 54.91 16 585 KJ577589
Schizothorax sinensis 54.99 16 571 MW191514
Schizothorax davidi 54.89 16 576 KM879227
Schizothorax taliensis 54.93 16 578 MHO094667
Schizothorax curvilabiatus 55.49 16 578 MEF804977
Schizothorax gongshanensis 55.12 16 591 KT946652
Schizothorax eurystomus 55.09 16 588 KY436758
Cyprinus carpio (outgroup) 56.72 16 581 KF856965
Spinibarbus sinensis (outgroup) 57.39 16 591 KF214722

&: 010-64807509 : cjb@im.ac.cn
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Figure 1 Base content (A) and quality distribution (B) of the sequencing data.
e A LA P BELE 150-300 bp JEFEIN, reads
3l B X R L GC T AR | J7 9111
2t § —
) is : S AE R FLRAEAEANIRPETS e .

Wl = R T A O TS 2 3 B B 1 e R
= 200 FIVERAYE , K55 WL 9 I 15 21 DNA F B
= A8 2 P o o DI 0 AR B B 1 985,
izoo_ . % 2231, 1963, 437, 2360, 2018, 1255, 762,
§=|
2 1 664, 959, 946 bp ¥ 11 2575 )r B, KLk
3 100} B P RPRHE 5 AR5 S 16 580 bp AUZRLIA

SJFH, 5 v a2 A 0 P AN B A T
0 20 40 60 80 10001 2 3 4  BLAST HAEZRSER 2.
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Figure 2 Correlation analysis between GC content
and sequencing depth. The abscissa indicates GC
content, the ordinate indicates sequencing depth, the

right is sequencing depth distribution, and the top is
GC content distribution.
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A ST AR AT 4R €0 S £ 2R AR I R 4 )7 )
ST 16 580 bp, 2T 28 Filt & il i 24 £
FL LA A L AL 7 9K B Z ] (16 563~
16 593 bp), HEEHEEELRSE, 76 WA
S LRARIE R A L5, B 22 4~ (RNA
FE L 13 A E S (protein-coding genes,
PCGs): 7 A ABERAL(NDI . ND2, ND3.,
ND4., ND4L. ND5. ND6); 3 T 4ififaZ C &
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{1k B(COI.COII,COIII) ;2 A~ ATP WV 5 . ATPG .
ATPS; #fifi{ & b K (Cyt b). 2 4> rRNA £:[H
(12S rRNA ., 16S rRNA) LUK 1 4~ il X (D-loop)
(K 3), HH, ND6 F1 8 4~ tRNA (tRNA-Gln,
tRNA-Ala, tRNA-Asn, tRNA-Cys. tRNA-Tyr,
tRNA-SerV | tRNA-Glu. tRNA-Pro)%t[H i T
BREE (L) b, LA IE DN h S A (H-6E) St , 145
il X SR ZeA A 42 77 1 e — 1) K R B AR g X

B ZUNE SR AL R A ILAEAE 13 ANRIFE
X IR AT 6 AN S XK 3). 13 AMHIFE X8R
JEh 69 bp, MK IASKR 0.416%, Hh
tRNA-Asn Fll tRNA-Cys 2 ] 1 [8] B B K (33 bp),
HWK K tRNA-Asp Fl COIIZ a4 8] (13 bp); ik
/NEYRIFEAR 1 bp, A 54, 43500 T tRNA-
LeuVMF1 NDI . tRNA-Ala 1 tRNA-Asn ., tRNA-
Tyr fil COI, tRNA-Lys Fl ATP8, tRNA-Ser'“?

Schizothorax argentatus

3 SReRBEaLNFEREBLEHE

16 580 bp

Figure 3 Mitochondrial genome structure of Schizothorax argentatus.
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Table 3  Structure and characteristics of mitochondrial genome of Schizothorax argentatus

Gene Coding  Start End Length (bp) Space or Amino  Start End Anticodon Anticodon site
strand overlap (bp) acid codon codon

tRNA-Phe H 1 69 69 0 GAA 32-34

12S rRNA H 70 1024 955 0

tRNA-Val H 1025 1096 72 0 TAC 34-36

16S rRNA H 1097 2773 1677 0

tRNA-Leu™*» H 2774 2849 76 1 TAA 37-39

NDI H 2851 3825 975 4 324 ATG  TAA

tRNA-Ile H 3830 3901 72 -2 GAT 33-35

tRNA-GIn L 3900 3970 71 2 TTG 33-35

tRNA-Met H 3973 4041 69 0 CAT 31-33

ND2 H 4042 5086 1045 0 348 ATG  T-

tRNA-Trp H 5087 5157 71 2 TCA 33-35

tRNA-Ala L 5160 5228 69 1 TGC 31-33

tRNA-Asn L 5230 5302 73 33 GTT 34-36

tRNA-Cys L 5336 5402 67 -1 GCA 29-31

tRNA-Tyr L 5402 5472 71 1 GTA 33-35

cor H 5474 7024 1551 0 516 GTG TAA

tRNA-SerV L 7025 7095 71 3 TGA 33-35

tRNA-Asp H 7099 7170 72 13 GTC 34-36

coll H 7184 7874 691 0 230 ATG  T-

tRNA-Lys H 7875 7950 76 1 TTT 37-39

ATPS H 7952 8116 165 —7 54 ATG  TAG

ATP6 H 8110 8792 683 0 227 ATG  TA-

coll H 8793 9576 784 0 261 ATG  T-

tRNA-Gly H 9577 9648 72 0 TCC 34-36

ND3 H 9649 9997 349 0 116 ATG  T-

tRNA-Arg H 9998 10067 70 0 TCG 32-34

NDA4L H 10068 10364 297 -7 98 ATG  TAA

ND4 H 10358 11738 1381 0 460 ATG  T-

tRNA-His H 11739 11807 69 0 GTG 31-33

tRNA-Ser“““ H 11808 11875 68 1 GCT 27-29

tRNA-Leu™*® H 11 877 11949 73 3 TAG 34-36

ND5 H 11953 13776 1824 -4 607 ATG  TAA

ND6 L 13773 14294 522 0 173 ATG  TAA

tRNA-Glu L 14295 14363 69 4 TTC 31-33

Cyth H 14368 15508 1141 0 380 ATG  T--

tRNA-Thr H 15509 15 580 72 -1 TGT 33-35

tRNA-Pro L 15580 15649 70 0 TGG 32-34

D-loop H 15650 16580 931 0

http://journals.im.ac.cn/cjben
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Al RNA-Leuw 9 2 Ja] 5 5 43 1] B K /N 4 1) 2
4 bp (ND1 Fll tRNA-Ile . tRNA-Glu Fil Cyt b).3 bp
[tRNA-SerYFI tRNA-Asp . tRNA-Leu* i
ND5]. 2 bp (tRNA-GIn FIl tRNA-Met, tRNA-Trp
H1 tRNA-Ala). 6 E S XK E N 22 bp, H
Wi ATPS 1 ATPG6 A} ND4L Fl ND4 2 [a) ) 5 5
X K (7 bp); tRNA-Cys Fl tRNA-Tyr LUK
tRNA-Thr 1 tRNA-Pro 2 [a] i) B & [X e 5z /)
(1 bp)s

B0 2L 0 SR AR 42 T 91 v 45 BE B a n
FAPUR, AT R, M 30.25%; HK
F CHEZE, HH 27.20%; SR IG & T B 3E(25.27%)
Il G i IE(17.28%) . 4R (028 f0 A 2 b (AR SE IR 2
AT BH3E b7 HL 55 (55.52%), 7E S48 10 J/ Lok Ak
FERA P AR T ALRUE £6.(55.55%), FILH B
W) AT il
2.3 ERRBEER

R0, S 0 2R AR B 1 BT g B B R B
11 408 bp, igkkith4IEHLAN 68.81%, HH
Y AT fRiFEE(A+T 5 55.09%), Zifid 3 794 4~
IR, Bk ND6 JE[HH L Bigmigsh, Hax
EAEILHE IO F H 85 B Hrp NDS 3L
A K (1 824 bp), %t 607 NEILIR; ATPS
(165 bp), (Uit 54 DML . A W H
gD ILR B COILA GTG MRt %65 1-4h,
HAFEHBILL ATG MR G %M F. NDI. COI.
ND4L . ND5. ND6 Ll TAA R %51, ATPS
DL TAG AL BT, FIREE A 2%
iF(ATP6 }y TA-; ND2. COII. COII. ND3,
ND4 F1 Cyt b Jy T--), XFARTE R TG H
UL F 5 A= s ki iR S R 4 v

H 3R 4 AT LA RO 2R 2ok (A B R 41
HE i R R A AT AN 8, Al 2 1 i i i
K3 AT fil GC A HAr 3R 55.09%4F
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44.91%, Hh T S SERAEEMT L 5L
) ND6 (38.89%), Il & ND2 (22.30%); C
BREL S R A2 ND2 (31.96%) , S AR i /& ND6
(15.90%); A BdHE T T d5 = A2 ATPS (34.55%),
AR AYIE ND6 (13.79%); G B &5 i dwe s 1 72
NDG6 (31.42%), FAlKI)JE ATPS (11.52%). AT i
IS BIR B ATPS (63.03%), [N NDI
(51.28%); CG B & 7% f =1 W02 NDI (48.72%),
WAKAYE ATPS (36.97%). S FH B2 pl bk
B, ST 175 4 Pt & R A i,
TR AW GF AN R 55 2 sl b T B
B B I (40.67%) T GOB AR i e AR
(13.60%), FIMHHBM T WA G W ;
M55 3 0 b A BIE S S5 = (38.71%),
G PR S B AR(11.13%) 155 1 750 AT
TN 47.54% W1 AR T2 2 A7 RN 3 47 AT & &
(59.14%F1 58.61%) . H s MEGA #A45Hr iirfs
R R AR T RIS LK R ND6 RN
BRI GCAmbFrE, HARKHF R AT s
(%1 4).

WA A T AR (0 N8t 2R R AR SR R4 13 A4
B 11 G 35 DR 7 AR T[] S %8 B ol FH B (relative
synonymous codon usage, RSCU)FIZFEMz 2k
S, SR BUEGRISN 3 794 D2,
SRR (Leu) e [ F AT e i ) 24 JE 1#2(16.50%)
NZ R (Ala)IK Z.(8.83%), FIEZ R (Cys) 5k it
A A AR 0.66% (K] 5). 13 NHE BT 4 fidh 3
HAEAE 29 Ml 35 F-(RSCU>1)P, #5451
AGA. AGG EABAEN, NIERFE T AGA
Ah, 55 3 LR A TREEA D T35k e T A
T GtHEE R (Lew) &S CUA &R I
(RSCU=2.34), H: 4t 552 2R (1le) i) %5 i
+ AUU (RSCU=1.12), ¥ UAA il UAG A
LB T, AN EIERR(E S).

: cjb@im.ac.cn



2974 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

x4 REANESLNAEORIDERE. %15 RNA. &K RNA FEHI XuE LA K
Table 4 Base composition of mitochondrial protein-coding genes (PCGs), tRNAs, rRNAs, and D-loop of
Schizothorax argentatus

Gene name/Codon site Length (bp) Base composition AT-skew GC-skew
T%) CO) A G(%) (A+T) (%) (C+G) (%)
NDI 975 25.85 29.85 25.44 18.87 51.28 48.72 -0.01 -0.23
ND2 1 045 22.30 31.96 30.72  15.02 53.01 46.99 0.18 -0.36
cor 1551 28.95 26.11 26.69 18.25 55.64 44.36 -0.05 -0.18
coll 691 27.79 25.33 30.54 1635 58.32 41.68 0.07 -0.22
ATPS8 165 28.48 25.45 3455 11.52 63.03 36.97 0.16 -0.38
ATP6 683 2694 2870  29.87 14.49 56.81 43.19 0.07 -0.33
coir 784 2640  28.70 27.04 17.86 53.44 46.56 0.01 -0.23
ND3 349 28.94  28.08 28.65 1433  57.59 42.41 -0.01 -0.32
ND4L 297 28.28 30.30 2559 15.82 53.87 46.13 -0.06 -0.31
ND4 1381 26.21 28.75 2846 16.58 54.67 45.33 0.05 -0.27
ND5 1 824 25.60  29.11 30.59 14.69 56.20 43.80 0.11 -0.33
ND6 522 38.89 15.90 13.79 3142 52.68 47.32 —-0.53 0.33
Cyth 1141 28.57 27.87 2734 1621 5592 44.08 -0.03 -0.26
1* codon - 21.15 26.24 2640 26.21 47.54 52.46 0.10 0.00
2" codon - 40.67 27.26 18.47 13.60 59.14 40.86 -0.54 -0.33
3" codon - 19.89 30.26 38.71 11.13  58.61 41.39 0.45 —-0.46
PCGs 11 408 2724 2792  27.86 1699 55.09 4491 0.01 -0.24
tRNAs 1562 26.95 21.13 28.49 2343 5544 44.56 0.03 0.05
rRNAs 2 632 19.53 25.00 3442 21.05 5395 46.05 0.32 -0.09
D-loop 931 32.65 19.87 34.05 13.43 66.70 33.30 0.04 -0.19
mtDNA 16 580 2527 2720  30.25 17.28 55.52 44.48 0.11 -0.22
0.40
030 % AT skewness ®— GC skewness @
0.20 |
0.10
0.00
-0.10
-0.20
-0.30
-0.40
-0.50
—0.60 -

El4 SREFBGENFERAERREERRESH

Figure 4 Bias distribution of protein coding genes in mitochondrial genome of Schizothorax argentatus.
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Table 5 Codon usage frequency of mitochondrial encoded protein in Schizothorax argentatus

Codon Count RSCU Codon Count RSCU  Codon Count RSCU  Codon Count RSCU
UUU (F) 95 0.33 Uucu¢S) 39 1.00 UAU (Y) 49 0.87 UGU (C) 6 0.48
UUC (F) 133 1.17 Uucc@e) 53 1.36 UAC (Y) 64 1.13 UGC (O) 19 1.52
UUA (L) 109 1.04 UCA (S) 82 2.11 UAA (%) 5 3.33 UGA (W) 96 1.60
UUG (L) 14 0.13 UCG (S) 9 0.23 UAG(*) 1 0.67 UGG (W) 24 0.40
CUU (L) 94 0.90 CCU (P) 17 0.32 CAU (H) 31 0.59 CGU (R) 9 0.47
CUC(L) 9 092  CCC(®P) 75 140 CAC(H) 74 1.41 CGC(R) 13 0.68
CUA (L) 244 2.34 CCA (P) 106 1.98 CAA(Q) 91 1.80 CGA (R) 39 2.05
CUG (L) 69 0.66 CCG (P) 16 0.30 CAG(Q) 10 0.20 CGG (R) 15 0.79
AUU@I) 159 112 ACU(T) 43 0.57  AAU(N) 49 0.82 AGU (S) 8 0.21
AUC (I) 124 0.38 ACC (T) 107 1.41 AAC(N) 71 1.18 AGC (S) 42 1.08
AUA M) 109 1.27 ACA (T) 128 1.68 AAA (K) 60 1.58 AGA (*) 0 0.00
AUG(M) 63 073  ACG(T) 26 034  AAG(K) 16 0.42 AGG (%) 0 0.00
GUU (V) 54 0.91 GCU (A) 52 0.62 GAU (D) 23 0.61 GGU (G) 28 0.46
GUC (V) 43 0.73 GCC (A) 140 1.67 GAC (D) 52 1.39 GGC (G) 44 0.72
GUA(V) 97 1.64 GCA(A) 118 1.41 GAA (E) 83 1.58 GGA (G) 104 1.69
GUG (V) 43 0.73 GCG (A) 25 0.30 GAG (E) 22 0.42 GGG (G) 70 1.14

Preference codons are indicated in bold. Asterisks represent termination codons and capital letters in brackets mean the
abbreviations of amino acids.

700 ¢ 1 0.18
600 | ﬁ 10.16
10.14
B 500 - 2
2 0.12'F
g o
g 400 1010 &
5 g
S 300 | T {008
3 <
g 10.06
Z 200 |
10.04
100 10.02
0 0.00

P P O T T SR TR v
Kinds of amino acid

5 ERRBERRLDHEERMASHE

Figure 5 Types and quantities of amino acids encoded by mitochondrial protein-coding genes.
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Figure 6 Predicted secondary structure of mitochondrial 12S rRNA (A) and 16S rRNA (B) of Schizothorax
argentatus. Black indicates that those nucleotides were the same as the template; Green indicates those
nucleotides were modified compared to the template; Pink indicates that those nucleotides were inserted
nucleotides; Blue indicates that those nucleotides were repositioned compared to the template.

http://journals.im.ac.cn/cjben



NEF BARERES SR EERARII TSRS

HEHERIX E, RS 25 S 4 R A
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3). A (RNA SHEE SR8 T=26.95%.
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Figure 7 Secondary structure prediction of 22 tRNAs in mitochondrion of Schizothorax argentatus.
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JE AR RNA 4 17RO, Aoy a5
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tRNA-Ile . tRNA-Cys . tRNA-Tyr . tRNA-Ser V" |
tRNA-Lys fil tRNA-Arg ) DHU 254 3 X fifi 3
(JL4x % 4 bp); tRNA-Phe 1 tRNA-Lys [ TyC
220 4 MR, tRNA-Ser““Uf TyC X4 6 X
B3 (H 450 5 bp); tRNA-Val, tRNA-Ile,
tRNA-Tyr, tRNA-Asp. tRNA-Gly 1 tRNA-Thr
() B BSR4 XLl 5 bp). TyC
B B BR tRNA-Phe B 8 B Bk LA &
tRNA-Lys K 9 M0 FESN, FRI R 7 083
FCEE S AR tRNA-Val #1 tRNA-Thr 2f 9 /> At
Gh, Haw¥yh 7 ML, DHU BKEA L
B, AE 5-13 ML,
2.5 ZeRAEEEITE X EMGFHIE

2R AR T X (D-loop)J& T4Ki A DNA
HIAESRIL X, JLhiiAk DNA ik ik S R e
JEHI, 862 N TSR G R T R 5%
SR AE TN AR B fa Sk A g i X A T
tRNA-Pro Fl tRNA-Phe 2 [ii], K EEH 931 bp,
D-loop X ) A (34.05%). T (32.65%) B3 & 4%
B, 0 C (19.87%). G (13.43%)H 515 1 A0 %
ik o Sk R 5 ] IX 5 41 /] 43 Ry 2R )7 41 X
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(conserved sequence block, CSB), H:H1, Hrdefi
SEIX AR 4r A CSB-F. CSB-E. CSB-D,
CSB-C. CSB-B X, f&~F/74 X LAl 32k CSB1 .
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CSB1 54chifk DNA B I IAHHSC, FImARSE
Fe A XN R B APl X e B e 4P 7
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Figure 8 Mitochondrial control region structure of Schizothorax argentatus.
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Figure 9 Molecular phylogenetic trees constructed by ML (A) and BI (B) methods based on 12 PCGs
concatenated sequences.
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