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Cloning and Sequence Analysis of Genes Encoding mtDNA
Cytochrome C Oxidase Subunits I, II and I in
Schizopygopsis pylzovi
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Abstract: The complete sequences of genes encoding cytochrome C oxidase subunits I, II and Il were cloned
in Schizopygopsis pylzovi by RT-PCR method. The sequence analysis showed that the complete sequence of CO
I was 1551 bp, which consisted of the open reading frame (ORF) encoding 516 amino acid residues; the CO
Il gene was 691 bp and contained a 690-nucleotide ORF encoding 230 amino acid residues; and the CO Il
gene was 786 bp, which was composed of the ORF encoding 261 amino acid residues. The homologous analysis
of sequences showed high similarity both in DNA and corresponding amino acid sequences of CO I, CO Il and
COIIl between S. pylzovi and other 9 species from family Cyprinidae. Although there were sequence differences

in subunit genes among different species, the corresponding amino acids tended to be consistent, suggesting
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functional stability of cytochrome C oxidase in electron transfer of mitochondrial respiration chain. S. pylzovi and

Sinocyclocheilus grahami clustered together in the phylogenetic trees based on gene and amino acid sequences of

CO 1, and gene sequences of CO Il and CO I, coupled with the same types, positions and numbers of

functional sites in CO I and CO Il , suggesting that there is a relatively close relationship between them, which

is consistent with the conclusion that the subfamily Schizothoracinae is originated from one of the primitive

Barbinae fishes widely distributed in warm drainages in Qinghai-Tibetan Plateau during the Tertiary Period.

Key words : Schizopygopsis pylzovi; Cytochrome C oxidase subunit gene; Sequence analysis; Phylogenetics
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Table 1 GenBank accession number of 9 species from family Cyprinidae

PyFp WAk GenBank %3¢ 5
Species Subfamily GenBank accession number
Iy [ 4 Opsariichthys bidens AV A} Danioninae DQ367044
H 1 Mylopharyngodon piceus HEZ #a B} Leuciscinae EU979306
2 BA Culter mongolicus f#3V B} Cultrinae AP009060
5 B Xenocypris davidi 1)V F} Xenocyprinae (289558
5 Hypophthalmichthys nobilis 7 Fl Hypophthalmichthyinae EU343733
Gobio gobio W} Gobioninae AB239596
2 figs Acheilognathus typus Rk Acheilognathinae NC_008668
VEL b 4 2R fif Sinocyclocheilus grahami fift [P B} Barbinae GQ148557
# Cyprinus carpio #E AL Cyprininae X61010

x2 EUHHER&COL I NMTEERTHESY
Table 2 Primers for cytochrome C oxidase subunits I,

Il and Il genes amplification in Schizopygopsis pylzovi

ElR7E2 0N

Primer

SR FHIFEE(S -3")

Primer type Sequences
name

COXIF IE[H Forward CTAAACACTCGGCTACCCTAC
COXIR f2[i] Reverse TGGTTATGTGGCTGGCTTGAA
COX2F 1E[f Forward AAGGTGAAATCGTAGGTTAAAT
COX2R [ Reverse AAAAGGCCAACGCTCTGTCCAA
COX3F IE[ Forward TGTATTTGTACTTCTTTTAACGCTGT
COX3R J[f] Reverse AAGATTATGAGCCTCATCAATAGATT

1.2.3  HinZEH PCR P44 5IF  LABTRR
LA cDNA g5 H s FrBt, PCR
PHE R AR R 30 wl, Ho 4 1.0 U EX Tag
(TaKaRa),1 wl ANTPs (2.5 mmol/L),3.0 pul
10 x Tag buffer (TaKaRa, & Mg’ "), %514
(10 mmol/L) 4% 0.5 ul, 0.2 pg ik DNA,
PCR #3425 :94°C HULHE 4 min;94°C B 1
min,50°CiE & 1 min,72°C ZEfH 1 min, 3t 35 4>
TGI8 e 72°C B2 EA 5 min, PCR #3479
28 1.0% Y B lg B Bt e AL 9Kk ), - TaKaRa
Agarose Gel DNA Purification Kit Ver. 2.0
(TaKaRa) 18057 & £ 47 [l Wi ali 4k, S8 )7 ve
PMDI18-T ﬁﬁiqj(TaKaRa) %ﬂ'ﬁ?ﬁﬁuE coli
DH 5o, PCR A I BH 1 se e Jm ik AL 5078 & R
LR B0y A BRA R AT

1.2.4 H¥50#Hr  FIH Lasergene 7.0 4k
1 FER HE SRR PR 2H 352 0, X BT e

Bet 1) 5 PR 970 AT o] 2 HE 3T | R IR e 471 4
%€ ; Al FH DNAMAN Version 6.0 ( http://www.
lynnon. com ) 47 5 X1y 4] A2 5L 18R 1 47 [ 958
PE B %8, B ExPASy-Tools  ( hitp://www.
expasy. ch/tools/) X} CO I.COIl .COIl & H 1Y
A AR R R 1 B D e A S AT R 43 A5
FH MEGA 3. 111 S f 30 47 i 32 20 1 028 S5 4%
B, I8 4B 4% (neighbor-joining, NJ) RHEK F
B,

2 HUR50

2.1 FHIaH s M col coll M
COM¥Ak K73, 75 2 #2£58 GenBank,
B S 0 9 o HQ646251 , HQ646252 il
HQ646250, B AR CcOo 1 HH KN
1 551 bp, JFHZBELHE (ORF) i L R 4 K 4H
Hitith 516 NEIEMR , IGH 14 CTG, £ 112
4 TAA, i i (1) £ 153 15 56 844. 94
u, 25 6.05; Co I R34 Kl 691
bp , FF Ak B HE A 690 bp, 4t 230 > 5L R
EARER TR ATG , & 15T AT 241k
W T, WS E i 26 117.33 u, 5%
HL R 4. 645 CO T FESE [ 424y 786 bp, IF
R IE) EHE Fh R PR A R A A, it 261 D2 BRI
TEIRERS T ATG, 2 1R %15 F A TAA, T 4
T & 4> TN 29 599.39 u, ZEHL SN
6.10,

2 i 2 1 A 0 N T S BT R A
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pifa cO T & A LA 14 4 N-BE3EAL A £ (N-
myristoylation site ) \ 4 /> N-#¥ JE fb fi7 £ ( N-
glycosylation site) .5 % & [l 11 W5 iR fb A7
J5. (casein kinase I phosphorylation site) .3
HE M C B2 1k AL & (protein kinase C
phosphorylation site ) . 1 > Bt & b 7 £
(amidation site) I 1 >FF g R S 34 55 15 FR Ak
A1 A 1 9 W R A 82 A5 ( cAMP- and cGMP-
dependent protein kinase phosphorylation site ) ;
CONEH LA 4 MEH M C BERRILAL A 2
AT O L B RR A .3 > N-BE SRR AL
SRT2 A N-BEEEAE A 58 COI & A A 5 A4

N-PERE AL AL A 3 A 2 1 il I Wl R ot
ey

N O

2.2 R CRLBESIEERMEER
FIIRBEESH o RTETE T4 R BR
WAL S Tt E e S R
i, A S LB W] Co 1 AL
FEH RS [P 82, 59% ~ 86.91% , A H:MR T
G AR 97. 29% ~98. 45% 5 CO 1 W KL HE K ¢
B[R] 82. 78% ~ 87. 70% , & KWz ¥ 5] [A) I
£ 95.22% ~96. 09% ; CO ML V. FE IR 571 [] P
P 81.30% ~ 86.90% , & % MR 17 5] [A] &
94.25% ~96.55% (% 3) .

*3 HEURHERE5HM I MERER CO ZTEERMBRHBEQSERFEFIHEREEDH (%)
Table 3 Homologous analysis of DNA and corresponding amino acid sequences of CO I, COIl and COIl

genes between Schizopygopsis pylzovi and other 9 species from family Cyprinidae

col coll colll
Dk ERFS REMFA ERUFS EERTS RS R
Species Gene Amino acid Gene Amino acid Gene Amino acid
sequence sequence sequence sequence sequence sequence

Ly Opsariichthys bidens 83.75 96.90 82.78 96. 09 81.30 94.25
T 1t Mylopharyngodon piceus 85.30 97.29 84. 80 96. 09 82.82 94. 64
20 Culter mongolicus 84. 46 97. 48 85. 38 96. 09 83.72 95.02
A Xenocypris davidi 85.43 97.48 85.24 96. 09 83.08 94. 64
B Hypophthalmichthys nobilis 85.04 97.48 83.94 96. 09 82.70 94. 64

Gobio gobio 84.98 97. 87 84. 66 95. 65 83.21 95. 40
Ak Acheilognathus typus 82.59 97. 40 83.79 96. 09 81. 68 95.02
TEML 42 2R B0 Sinocyclocheilus grahami 86.91 98.45 87.70 95. 65 85.24 95. 02
# Cyprinus carpio 86. 40 97.87 87.12 95.22 86.90 96. 55

2.3 EARENSFERINGEASIEE ST
B 5 A AR e D RE A A H A A T 4G R
N, B R S A R AR EETE CO 1
BE A7 AEAH R A R 2 B AH ) 250 1Y 2
AEfis, SEM L Mangt 78 coll Wik b
A0 ELA A TR R ) o SRR A ) 450k 1) )
RBA S, 1T COT Y FE T REA o5 5 HAFR A 7E 22
F(E4)

2.4 RZBEEBEHH FIH MEGA 3.0 B4
S T R AR B A S R A R 9 A
FELT U (0 2 AL il 45 7 35 PR T 91 R
FRIFHIMEHE(ND) RELBW (B 1 ~3), 45
RN FEFT Co 1 W HILH I IR Y

FILL K COM . COMWILILRFH M RGE KH
B BT RR S L TR 4 2k B RN Y B —
XEEBR R MAERT cColl .COM W HEZR
BRI R G R BT RPAFAH LR,

3 U ®

FeBI[RIIE P o3 M e ], BT $R 28D # 5
MBI CO 1 WAEHE N FIZ IE MR 551 B2y
AR B R 78 €O T Jerh ) B #R4L
P #8155 YR b < 2 B A7 A 50 ey 1) 2 TR e 471 ] 9
Vi TS AN AR R 1 B R T 8 [ R
7E COMME | B RR B0 10 5 R A AR B 1Y
BN MEIERR P HI FRE . RGA T o Hrés i
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Mylopharyngodon piceus

98 Hypophthalmichthys nobilis
94 Culter mongolicus
87 Opsariichthys bidens
[sT] Gobio gobio
Cyprinus carpio
97 Schizopygopsis pylzovi
46 Sinocyclocheilus grahami
Acheilognathus typus
Phenacogrammus interruptus
—
0.02 A
28 Mylopharvngodon piceus

Hypophthalmichthys nobilis

Xenocypris davidi

Culter mongolicus

Acheilognathus typus
64 Opsariichthys bidens
Gobio gobio
————— Schizopvgopsis pyvlzovi
4] ,7 Sinocyclocheilus grahami
58 Cyprinus carpio
Phenacogrammus interrupius
—_
0.005 B

E1 #ETRIRESHMIMEREXET CO1 TEEFMSEBRFIINSERELER

Fig.1 The neighbor-joining phylogenetic tree for Schizopygopsis pylzovi and nine other species from

Cyprinidae based on gene and amino acid sequences of cytochrome C oxidase subunit I
AL BT COTWRERFIINARLZEN; B. HT CO 1 WHEAREMITFIINRELETH,
A FEREERR 1000 WEE M IHFER(%) .

A. Phylogenetic tree based on gene sequence of CO | ; B. Phylogenetic tree based on amino acid sequence of CO I .

Numbers at the nodes denote the bootstrap values of 1 000 replicates (% ).
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51 Culter mongolicus
71 Mylopharyngodon piceus
29 Hypophthalmichthys nobilis
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Opsariichthys bidens

Schizopygopsis pylzovi
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9
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h)
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46 Mylopharyngodon piceus

1 Opsariichthys bidens

Gobio gobio

26 "7 Acheilognathus tvpus
19 Sinocyclocheilus grahami

Cyprinus carpio

Schizopygopsis pylzovi

_

0.01

Phenacogrammus interrupius

B2 ETRIERESHMI MENARET CONTEERMESERFINSERELETN

Fig.2 The neighbor-joining phylogenetic tree for Schizopygopsis pylzovi and nine other species from

Cyprinidae based on gene and amino acid sequences of cytochrome C oxidase subunit II
A, BT COMNWHEEHFITINMAGELEW; B. T CONWRARMRITINIMAELEW,
TS AR RR 1000 KEEWELFER (%),

A. Phylogenetic tree based on gene sequence of CO Il ; B. Phylogenetic tree based on amino acid sequence of CO 1II.

Numbers at the nodes denote the bootstrap values of 1 000 replicates (% ).
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CO T Y5 b HLAT AR B A ) il 3 K A ) %
TR S S HAF A e, £ 1 A NS
fefish, FWMME R C AL 1A W3
B INRENL AR A R 25 rp 22 RN R
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W i F A% 33 TP B D e AR e Mk, Rl e Bl T
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A FH R R AR [R5 i D RE AL, i HLAE
T Co 1 WHRILH A FLRRITH) .col K Co
I 317 3 56 R 7 9 1 2R 48 % & B B AE ) — 32
b R EA BT EG R XL S IR
SN, , RIS a7 B 2R IR TS — 2
1253 A T R DX e SRR B 2 R b
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B
0.005

3 ETRERE5HMI MENERET COMTEERMESREBFINMBERZLTN
Fig.3 The neighbor-joining phylogenetic tree for Schizopygopsis pylzovi and nine other species from
Cyprinidae based on gene and amino acid sequences of cytochrome C oxidase subunit IIl
A, BT COMPEEHFIFIIMARELBW; B. EF COMWHAIRITINMARELBW
TR EHUEFRR 1000 RELWFER(%) .

A. Phylogenetic tree based on gene sequence of COIll ; B. Phylogenetic tree based on amino acid sequence of COIIl.

Numbers at the nodes denote the bootstrap values of 1 000 replicates (% ).
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