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Abstract: [Objectives] The study aims to analyze the complete sequence of the mitochondrial genome of
Heizensteinia microcephalus and Chuanchia labiosa, and to explore the phylogenetic relationship of
Schizothoracinae fishes based on the mitochondrial genome sequence. [Methods] We obtained the
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mitochondrial genome sequences of H. microcephalus and C. labiosa from NCBI and used the online software
MitoAnnotator to map the mitochondrial genomes. The base composition of the whole mitochondrial genomes
of both species was calculated using the Sequence Manipulation Toolbox. Relative synonymous codon usage
(RSCU) was calculated using CodonW software. K/Ks values were calculated using KaKs_calculator v 3.0
software based on the NG method. The best nucleotide substitution model was automatically selected using
the MFP parameter in IQtree2 software, and the maximum likelihood (ML) tree was constructed using the
GTR + F + 1 + | + R2 evolutionary model, and the confidence value of each branch node of the phylogenetic
tree was examined using bootstrapping with 1 000 repetitions. Differentiation times were estimated using the
MCMCtree subroutine in the PAML v4.9] package. [Results] The two mitogenomes are typical circular
molecules of 16 726 and 16 705 bp in length containing 13 protein-coding genes (PCGs), 22 transfer RNA
genes (tRNAS), two ribosomal RNA genes (rRNAS) and one non-coding control region (D-loop) (Fig. 1 and
Table 2). In addition, the ATPase8 gene showed a higher K /K value (0.527 and 0.256) and the NDL4 gene
showed a lower K/Ks value (0.527 and 0.256, Fig. 3). Maximum likelihood phylogenetic analyses reveaed
that H. microcephalus and C. labiosa were the closest relatives, and the genus Heizensteinia and the genus
Chuanchia were closest to the genus Schizopygopsis (Fig. 4). The divergence between H. microcephalus and
C. labiosa was dated back to 0.83 million years ago (Mya) (Fig. 5). [Conclusion] This study helped to
improve biodiversity conservation strategies for highland fishes in the future.
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ARAR AR R AW L, £ ATP A
SR I ST £ L PR PR 7 A A i T TR R A R
. 95%LA F 40 i g 2 i Sk A di i A Ak
W21k Coxidative phosphorylation, OXPHOS)
PR PRI, ZoRr A g i i) A AL B R 4 R A
ARETE A SRS oAbk, FHAEM LB
59 N S b s AN [ (13 PR E AL (Shen
etal. 2010). ZH LKA DNA J&— /N[5
[RIZH, K/NEH N 16 kb JUT- T HIsh Lk
A PR 2H A B AR ] 1Y) 37 AN 2 AN B A4
RNA (ribosomal RNA, rRNA) £, 134Nk
F i 4mhg3E R (protein-coding genes, PCGs)
M1 22 A5 RNA (transfer RNA, tRNA) 3
(Boore 1999). — R, LR HL R 1 ik
AT B LUAZ R R 5 2] 10 £ o BARER T A% J: A
H, ZRAREER AL IT ) 5345 . R,
RRIRIERBE T T e R R B K
AW (EZI 2016). #R1, 3T ALK
FRHEA % 2 5 REHERA b Sz L e ] F B0 S R
GREKRFR, HMEFMKEESEMLL,

ZAFEF A A, kiR 4HE R 4 AT LR
REREALAFE, MRS w8 R R %
REKRR.

ZifEta WA} (Schizothoracinae), J& Tl f}
(Cyprinidae), 7347 7 215 7 e =y Jot L S [l 1)
B X ALK o R 5 R R 2Ky
i 2 B K, ST H b s BEIs A 78 2z
BN 2Nk e [ £ (He zensteinia microcephal us)
ST R RN 0 R R A I ME— R, R
¥R 4 400 ~ 5 200 m f 7 JEAT A
(Li etal. 2016), {5 oAk s i
Hz—. ‘BHEWW (Chuanchia labiosa) #&
s} 2R A 1 T ARk SR VAT £ (O ME— 0, 2R [
(IR Pl o3 A T 800 4o i 2 700 m
(IHLIX, FEL4ERFAZS R G0 Tl 7 A 3 2AE
o SR, B ASEESIA B A 280E 3 e
A, B S A SCN 5 G R (He et al.
2016) . 1E R = R AR R, /D km i
1 FI B J5 TR £ 40 e 05 1R 4T b 3 B R g A
Bio SR, HEIER 17BN LRk R



5 34 TRV AT /N e BB 5 B SRR R 2H B e R G R B b < 745 -

AT 54k (He et d. 2007, Kim et al.
2022), % /I Sk e JiE A R B S L T RRTIAR
AR

DA IR, RIS, RS
R 2R N = AN, B R A 25 %
Coriginal level). Fib552% (specialized level)
M FERL 2 Chighly speciaized level) (GEX
Az 2008, ZEA] 2012). MRAEEEH . H
A RE L, HOCESE (1981) g Zepg
Ko NWFT = AR (D JFRSR, &5
BRGNS B NG, A = HR Y, B
) #1 ( Aspiorhynchus laticeps) #h )45 19 i fith 43 «
(2) FRfb5Eg, s s bHan N Fr, HHEH
v, XS () m R, SR
R, —EHEE G, oA, SR, BTy
THIBM IR SEENER AT —
o BN, EIEXAEER b (Cytb) FFF
IR TR B, R S P R A R —
AN Z R ({2525 2003); il i 2k kifk 12S
rRNA Fl1 13 A [ g J5 B8] 7 471 1 23 B 45 SR I
7~ GHETEE- ZidrHAR 2021), 2405 AR A &6
I AT GBS 1K, IEETER
JRAGSES, . Ak S SR 2 B AL S5 2 1y = AN 3%
o L, ET DI EENRGEKENS
BT A FREME R RGK B W IR L AFIER
2L

UeAh, AR 78 R 5e s 1 73k v i f
B B TN fh 2R R B DR A (0 2H 26 B iR (He
eta. 2016, Lietal.2016), FH¥EAE RN H
LR R A SE R AL 81 o MOAS I 9 1 B 25 2
CLOXT /) Sk vy Jo £ B IS ] i PR B b A 4
BRI AT 2T T R s (2) PR i )
M BN RARKERFR: (3 MHHENLE
57 #E1 R B S ] £ R 0 R At £ 2R 1) 4y
A ]

1 MEETE

11 #H
AN IR B S R N R R

fth 21 ANIIRRIZRLARIE Ry 5112 L NCBI
B e rp TSRS R D

R1 FHRH BMFEEERER

Tablel Thebasicinformation of 23 species
used in this study

GenBank &35

Y1 Species GenBank accession
no.
H JE T £ Chuanchia |labiosa NC_029181.1
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Heizensteinia microcephalus
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Chuanchia labiosa
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Fig. 1 Circular map of the mitochondrial genomes of Herzensternra microcephalus (a) and Chuanchia labiosa (b)
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Fig. 2 Relative synonymous codon usage (RSCU) analysis of the 13 protein-coding genes (PCGs) in the

mitochondrial genomes of Herzensternra microcephalus (a) and Chuanchia labiosa (b)
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Chuanchia labiosa Herzens ternra microcephalus
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FEH RS 3£ protein-coding genes (PCGs)
B3 AkmFEAMNETERMA 1B3ANMEERMGEFRKIER X EHRE SR (B HREKN TR
Fig. 3 Thenonsynonymous changes/synonymous changes (Ko/Ks) ratio for 13 protein-coding genes (PCGs) within
the mitochondrial genomes of the Herzensternra microcephalus and Chuanchia labiosa
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Fig.4 Maximum likelihood tree constructed using mitochondrial genomes of 23 fish species

E AR ST . AR R FREEAMT A _E R # 8. Bootstrap values are shown near each node. Scale bar indicates the number of
substitutions at each locus.
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Fig.5 Divergencetimetreeconstructed using mitogenomes of 23 fish species
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Divergence times are shown near each node. The two calibration points C1 and C2 were showed in bold.
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