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CR1: 5'-GGACAAATTGCATCCGTCCT-3',
CR2: 5'-ATCTTAACATCTTCAGTG-3',

Sangon
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Fig.1 The PCR amplification products of the mitochondrial DNA o
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Tab. 1 The mitochondrial DNA control region length variation and base composition in seven strains of Carassius auratus

X Length Base composition (%)
Species
(bp) A C G T A+T C+G
CC 923 32.6 20.8 14.1 32.5 65.1 34.9
DCC 923 32.8 21.0 13.9 32.3 65.1 34.9
RCC 923 32.5 20.8 14.2 32.5 65.0 35.0
JCC 924 33.0 20.2 14.1 32.7 65.7 34.3
PCC 924 32.6 20.1 14.1 33.2 65.8 34.2
SCC-A 924 32.6 20.1 14.1 33.2 65.8 34.2
SCC-D 924 32.6 20.1 14.1 33.2 65.8 34.2
- 32.7+0.16 20.4+0.37 14.1+£0.08 32.8+0.36 65.5+0.35 34.5+0.35
Averages
: CC. ; DCC. ; RCC. ; JCC. ; PCC. ; SCC-A. A ; SCC-D. D ;

Note: CC. crucian carp; DCC. Dongtingking crucian carp; RCC. red crucian carp; JCC. Japanese crucian carp; PCC. Pengze crucian
carp; SCC-A. silver crucian carp clone A; SCC-D. silver crucian carp clone D; The same as follows

Fz2 EIMHRRLGRIR DNA BFIXMFIHOEEZ/MMSERE(T=/A)
Tab. 2 The percent similarity of nucleotide sequences (above triangle) and the percent divergence calculated by Kimura two-parameter
(below triangle) of the mitochondrial DNA control region sequences for the seven strains of Carassius auratus and zebrafish (%)

. CC DCC RCC JCC PCC SCC-A SCC-D ZF
Species
CC 99 99 93 97 97 97 52
DCC 0.7 99 93 97 97 97 52
RCC 0.1 0.8 93 97 97 97 52
JCC 5.6 5.6 5.7 94 94 94 54
PCC 2.1 2.2 2.1 5.0 100 100 52
SCC-A 2.1 2.2 2.1 5.0 0.0 100 52
SCC-D 2.1 2.2 2.1 5.0 0.0 0.0 52
ZF 76.0 77.4 76.2 75.6 76.2 76.2 76.2

= + ; ZF.

Note: the percent divergence = rate of transition + rate of transversion, ZF. Zebrafish
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2.3 DNA s
DNA 5", 7 252 bp,
DNA (Terminal 2,
associated sequence TAS), A D

cC

RCC
DCC
SCC
Jce

cC

RCC
DCC
SCC
Jcc

CC

RCC
DCC
SCC
Jcc

CC

RCC
DCC
SCC
JcC

CC

RCC
DCC
SCC
Jcc

cC

RCC
DCC
SCC
Jcc

cC

RCC
DCC
SCC
Jcc

CC

RCC
DCC
SCC
Jcc

GGATAACCATCCC-TGTATGGTTTAATACATAATATGCATAATATTACATTAGTGTATTA
GGATAACCATCCC-TGTATGGTTTAATACATAATATGCATAATATTACATTAGTGTATTA
GGATAACCATCCC-TGTATGGTTTAATGCATAATATGCATAATATTACATTAGTGTATTA
GGATAACCATCCC-TATATGGTTTAATACATAATATGCATAATATTACATTAATGCATTA
GGGTAACCATCCCCTATATGGTTTAGTACATAATATGCATAATATTACAT-AATGTATTA
ok * * * ok sfokdok

GTACATATATGTATTATCACCATATCATTATATTAACCCCAAAGCAAGTACATATAAACT
GTACATATATGTATTATCACCATATCATTATATTAACCCCAAAGCAAGTACATATAAACT
GTACATATATGTATTATCACCATATCATTATATTAACCCCAAAGCAAGTACATATAAACT
GTACATATATGTATTATCACCATATCATTATTTTAACCCCAAAGCAAGTACATGTAAATT
GTACATATATGTATTATCACCATATCATTAATTTAACCATAAAGCAGGGACATATATGTG
skeskokskeokokskekokokskeskotoksksketorokektorskokskokokok  skekekokoksk selekekekek ok skekeksk skok

AAGGTATGCATAAAGCATAATCTTAAGACTCACAAGTTAAATTATTTTAACCCGGGTAAT
AAGGTATGCATAAAGCATAATCTTAAGACTCACAAGTTAAATTATTTTAACCCGGGTAAT
AAGGTATGCATAAAGCATAATCTTAAGACTCACAAGTTAAATTATTTTAACCCGGGTAAT
AAGGTATACATAAAGCATAATCTTAAGACTCACAAGTTAAATTATTTTGACCCGGGTAAT
AAGGTATACATAAAGCATAACATTAAGACTCACAAATTAAATTATTTCGACCCGGGTAAT

ATATTATTCCCCAAGAAATTGTCCCCACATTTTTCCTTGAATGACTCAACTAAGGTTTTA
ATATTATTCCCCAAGAAATTGTCCCCACATTTTTCCTTGAATGACTCAACTAAGGTTTTA
ATATTATTCCCCAAGAAATTGTCCCCACATTTTTCCTTGAATGACTCAACTAAGGTTTTA
ATATTATTCCCCAAGAAATTGTCCTCACATCTTTCCTTGAATGACTCAACTAAGGTTTTA
ATATTATTCCCCAAAAAATTGTCCTCACATTTTTCCTTGAATGGATCAACTAAGATTTTA

CSB-F
TTCAAACATATTAATGTAGTAAGAGACCACCAACCA-TTTATATAAAGGAATATCATGCA
TTCAAACATATTAATGTAGTAAGAGACCACCAACCA-TTTATATAAAGGAATATCATGCA
TTCAAACATATTAATGTAGTAAGAAACCACCAACCA-CTTATATAAAGGAATATCATGCA
TTCAAACATATTAATGTAGTAAGAAACCACCAACTAATTTATATAAAGGAATATCATGCA
TTCGAACATATTAATGTAGTAAGAAACCACCAACTAATTTACATAAAGGAATATCATGCA

KKk ko kksk

CSB-E
TGATAGAATCAGGGACATCAATTGTGGGGGTCGCACAATATGAACTATTACTGGCATCTG
TGATAGAATCAGGGACATCAATTGTGGGGGTCGCACAATATGAACTATTACTGGCATCTG
TGATAGAATCAGGGACATCAATCGTGGGGGTTGCACAATATGAACTATTACTGGCATCTG
TGATAGAATCAGGGACATCAATTGTGGGGGTTGCACAATGTGAACTATTACTGGCATCTG
TGATGGAATCAAGGACACTAATCGTGGGGGTTGCACAATATGAACTATTACTGGCATCTG

kskek KKk

CSB-D
GTTCCTATTTCAGGTACATAACTGTAATACTCCACCCTCGGATAATTATACTGGCATCTG
GTTCCTATTTCAGGTACATAACTGTAATACTCCACCCTCGGATAATTATACTGGCATCTG
GTTCCTATTTCAGGTACATAACTGTAATACTCCACCCTCGGATAATTATACTGGCATCTG
GTTCCTATTTCAGGTACATAATTGTAATATTCCACCCTCGGATAATTATACTGGCATCTG
GTTCCTATTTCAGGGACATAACTGTAATATCCCACCCTCGGATAATTATACTGGCATCTG

skekskskeokokskekookskekok skekelokoksk skekokskekokok skekekskokskesiekokskekotokskskeskokokskstkorskokskkokokskek

ATTAATGGTGTAGTACATATGGT|TCAT|TACCCCACATGCCGAGCGTTCTTTTATAT|GCAT
AIIAATGGTGTAGTACATATGGTTCATTACCCCACATGCCGAGCGTTCTTTTATATEEEE
ATTAATGGTGTAGTACATATGGT|TCAT TACCCCACATGCCGATCTTTTATATM
MTGGTGTAGTACATATGGTTCATTACCCCACATGCCGATCTTTTATATM

ATTAATGGTGTAGTACATATGTT|TCAT|ITACCCCACATGCCGAGCAT|TCTTTTATAT|GCAT

skkk

59
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59
59
59
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119
119
119
119

179
179
179
179
179

239
239
239
239
239

298
298
298
299
299

358
358
358
359

418
418
418
419
419

478
478
478
479
479
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cC AAGGTATTTTTTTTTTGGTITCCTT{TCATICTTIGCATICTCAGAGTGCAGGCACAAATGTTG 538
RCC AAGGTATTTTTTTTTTGGT[TTCCITITCATICTT(GCATICTCAGAGTGCAGGCACAAATGTTG 538
DCC AAGGTATTTTTTTTTTGGTTTCCTTTCATICTT|GCATICTCAGAGTGCAGGCACAAATGTTG 538
SCC AGGGTATCTTTTTTTTGGTITCCTTTCATICTTIGCATTTCAGAGTGCAGGCACAAATGTTG 539
Jcc AAGGTATTTTTTTTTTGGTTTCCTTITCATICTT|GCAT|ICTCAGAGTGCAGGCACAAATGTTG 539

*
CSB-1
cC GTTTAAGGTTGAACATT[ITCCTTGAATGTGATTATATAAATGAATTATCGTAAGACATAA 598
RCC GTTTAAGGTTGAACATT[ITCCITTGAATGTGATTATATAAATGAATTATCGTAAGACATAA 598
DCC GTTTAAGGTTGAACATT[TTCCITTGAATGTGATTATATAAATGAATTATCGTAAGACATAA 598
SCC GTTTAAGGTTGAACATT{TTCCITTGAATGTGATTATATAAATGAATTATCGTAAGACATAA 599
Jcc ATTTAAGGTTGAACATT[TTCCTTGAATGTGATAATATAAATGAATTATCGTAAGACATAA 599
cC TTTAAGAACTGCATACTTCTAACTCAAGTGCATAACATATTCATCTCTTATTCAACTTAT 658
RCC TTTAAGAACTGCATACTTCTAACTCAAGTGCATAACATATTCATCTCTTATTCAACTTAT 658
DCC TTTAAGAACTGCATACTCCTAACTCAAGTGCATAACATATTCATCTCTTATTCAACTTAT 658
ScC TTTAAGAACTGCATACTTCTAACTCAAGTGCATATCATATTCATCTCTTATTCAACTTAT 659
Jce TTTAAGAATTACATACTTCTAACTCAAGTGCATAACATATTCATCTCTTATTCAACTTAT 659
*
CSB-2
CcC CCTTATATAGTGCCCCCTTTGGTTTTTGCGCGACAAACCCCCCTACCCCCTACGCTCAAA 718
RCC CCTTATATAGTGCCCCCTTTGGTTTTTGCGCGACAAACCCCCCTACCCCCTACGCTCAAA 718
DCC CCTTATATAGTGCCCCCTTTGGTTTTTGCGCGACAAACCCCCCTACCCCCTACGCTCAAA 718
SCC CCTTATATAGTGCCCCCTTTGGTTTTTGCGCGACAAACCCCCCTACCCCCTACGCTCAAA 719
Jcc CCTTACATAGTGCCCCCTTTGGTTTTTGCGCGACAAACCCCCTTACCCCCTACGCCCAGA 719
Kk K
CSB-3
cC GAATCCTGTTATCCTTGTCAAACCCCGAAACCAAGGAGGACCCAAGAACGTGTAAGCCAA 778
RCC GAATCCTGTTATCCTTGTCAAACCCCGAAACCAAGGAGGACCCAAGAACGTGTAAGCCAA 778
DCC GAATCCTGTTATCCTTGTCAAACCCCGAAACCAAGGAGGACCCAAGAACGTGTAAGCCAA 778
SCC GAATCCTGTTATCCTTGTCAAACCCCGAAACCAAGGAGGACCCAAGAACGTGTAAGCCAA 779
Jcc GAATCCTGTTATCCTTGTCAAACCCCGAAACCAAGGAGGACCCAAGAACGTGTAAGCCAA 779
Putative promoter
CC CGAGTTGAGGTACGAATTGGCATCCCATTATATATATATATATATATGTGCATCGGTTTT 838
RCC CGAGTTGAGGTACGAATTGGCATCCCATTATATATATATATATATATGTGCATCGGTTTT 838
DCC CGAGTTGAGGTACGAATTGGCATCCCATTATATATATATATATATATGTGCATCGGTTTT 838
ScC CGAGTTGAGGTACGAATTGGCATCCCATTATATATATATATATATATGTGCATCGGTTTT 839
JcC CGAGTTGCGGTATGAATTGGCATCCCATTATATATATATATATATATGTGCATCGGTTTT 839
skt fokokok
CcC TTTATCCCAATTCAGTAATCACCCAAAAATCTCTGCCAAAAACCCCAAAAAATCACCTCC 898
RCC TTTATCCCAATTCAGTAATCACCCAAAAATCTCTGCCAAAAACCCCAAAAAATCACCTCC 898
DCC TTTATCCCAATTCAGTAATCACCCAAAAATCTCTGCCAAAAACCCCAAAAAATCACCTCC 898
SCC TTTATCACAATTCAGTGATCACCTAAAAATCTCTGCCAAAAACCCCAAAAAATCACCTCC 899
Jcc TTTATCACAATTTATTGATCACCTAAAAACCTCTGCCAAAACCCCCAAAAAATCACCTCC 899
* %
cC ACACTAAATTTTCTAACATTATTTA 923
RCC ACACTAAATTTTCTGACATTATTTA 923
DCC ACACTAAATTTTCTAACATTATTTA 923
ScC ACACTAAATTTTCTAACATTATTTA 924
Jce ACACTAAATTTTCTAATATTATTTA 924
*
2 DNA
Fig. 2 Aligned sequences of the mitochondrial DNA control region in different strains of Carassius auratus
SCC A D ; *” ;- ; (CSB-F, CSB-E, CSB-D)
(CSB-1, CSB-2, CSB-3) ; (TAS) s (ATGTA) ;

SCC indicates Pengze crucian carp, silver crucian carp clone A and D;

oo

indicates the same base site, and dashes are gaps required for

alignment. The central conserved sequence blocks (CSB-F, CSB-E and CSB-D), conserved sequence blocks (CSB1, CSB2 and CSB3), and
putative promoters are underlined. The TAS motifs (TACAT) are indicated by shadows, and the palindromic motifs (ATGTA) are doubly

underlined. The short repeated sequences are framed
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1 , SCC ), 30 GGACA-, CSB-F CSB-D, 7
,2 / CSB-D , : TTATACTG-
2  TAS 6 3 GCATCTGATTAA ,
TAS, TAS TACAT, 7 , TCAT GCAT TTCC 7
TAS ATGTA Doda, DNA ( 3
etal. TAS ACATTAAAYYAAT, 2.5 DNA
CSB-1
Sbisa, et al. ™ 27 , TAS CSB-2  CSB-3, CSB-1
TAS ( ETAS: Extended terminal associated 22, )
sequence), , : ATT-AATTAATG-T-GCAGGACATA 7
ACAT Saccone, et al.”! , 352 bp,
TACAT ATGTA , 19 /
, , , CSB-1  GACATA ,
7 , CSB-1 CSB-1
ETAS , 7 : ATATAAATGAATTATCG-
ETAS TACATAT-ATGTA TAAGACATA; CSB-2  CSB-3 ,
TTATCACCAT-TATATTAACC-(“-" , CSB-2 : CAAACCCCC-TACC-
, ) CCC, CSB-3 : TGTCAAACCCCGA-
24 DNA AACCA 7 DNA
(4
, 7 , 2.6 DNA
319 bp, Kimura
A D 320 bp , )
23, / 1 7 MEGA(4.0) Neighbor Joining(NJ) 7
, : ATGTAG- ( 3 3 ,
TAAGA-ACCACC, CSB-F, ; ,
« 2,
CSB-E, : ATGAT-GAATCA- , A D

3 tNMHRAMBD ELRK DNA TH X P RARTF X T HAILLER

Tab. 3 The comparison of the central conserved sequence blocks of the mitochondrial DNA control region in seven strains of Carassius

auratus

Central conserved sequence blocks

Species

CSB-F CSB-E CSB-D
CcC ATGTAGTAAGAGACCACC ATGATAGAATCAGGGACAT TTATAC-TGGCATCTGATTAA
DCC seksokskodokkokokok \skodokkokok
RCC
Jcc A G A
PCC A
SCC-A A
SCC-D A
ZF =k C A%k Gokdokdokdokskokosk *GGrkAACHkHkkok Askkokok kG

. ek .
s

Note: “*”indicated the identical base sites;

5

-”indicated the gaps required for alignment; The same as follow
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x4 EANHRAMBDEZAIK DNA T X R FF 5 X B LR

Tab. 4 The comparison of the conserved blocks of the mitochondrial DNA control region in seven strains of Carassius auratus

Conserved blocks

Species CSB-1 CSB-2 CSB-3
CcC ATATAAATGAATTATCGTAAGACATA CAAACCCCCCTACCCCC TGTCAAACCCCGAAACCA
DCC spoksfoksdoksdokdokdokkokskok
RCC sefskefokefoksokotokoksokskok
Jcc seofskefokafokstok Tokotoksokskok
PCC skt dkokkokkok
SCC-A skokokskskokokskokskskskokoskokokok
SCC-D skokokskskoskokskokskskskokokokkok
ZF TskkT TA seskskskokskskskok Tkskskskokoksk T

661CC ,

79 RCC

76| - DCC > >
SCC-D > >
a1 PCC , ,
L SCC-A DNA
JccC ’
ZF >
'T
DNA
3 NJ 7 DNA ,
TAS (TACAT), TAS ,

Fig. 3 The NJ phylogenetic tree based on the complete nucleotide
sequences of control regions in seven strains of Carassius auratus Yang, et al. 2% TAS
and zebrafish

The values in noit:)sofepresented local bootstrap values from 1000 7 2 TAS
replicates ’ 6 3 TAS ’
, TAS
) 7 , ) ) TAS
, ATGTA ETAS ,
A D , TAS (]
A D 32 7
3 ’ [3] 7
31 7 DNA )
DNA , 2 , 7 ,
, 7 , 57%  5.6%,
CSB-D CSB-E CSB-F R 0.1% 0.7%,
CSB-1 CSB-2 CSB-3, 7
CSB-D CSB-E CSB-F ,
CSB-1 CSB-2 CSB-3 , s

3 4 , 7
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COMPARATIVE ANALYSIS OF THE MITOCHONDRIAL DNA CONTROL REGION IN
DONGTINGKING CRUCIAN CARP AND OTHER SIX STRAINS OF CARASSIUS
AURATUS

LIU Liang-Guo', YANG Pin-Hong" >, WANG Wen-Bin', WANG Xiao-Yan?, XIE Chun-Hua” and LI Meng-Jun®

(1. College of Life Science, Hunan University of Arts and Science, Changde 415000;
2. Hunan Province Fisheries Engineering Technological Centre, Changde 415000)

Abstract: In this study, the complete fragment of the mitochondrial DNA control region were amplified using the ge-
nomic DNA of Dongtingking crucian carp (Carassius auratus Dongtingking variety) and Pengze crucian carp (Caras-
sius auratus of Pengze). The PCR products were ligated and sequenced to the plasmid of pMDI18-T Vector by the
method of direct cloning, and then, the base composition, variation, sequence structure and phylogeny of the mitochon-
drial DNA control region were compared and analyzed among seven strains of Carassius auratus (Dongtingking crucian
carp, Pengze crucian carp, crucian carp, Red crucian carp, Japanese crucian carp, Silver crucian carp clone A and D). In
the seven strains of Carassius auratus, the percentages of average base compositions of the mitochondrial DNA control
region were A (32.7£0.16)%, C (20.4£0.37)%, G (14.1£0.08)% and T (32.8£0.36)%, respectively, the sequences percent
divergences were between 0—35.7%, the highest percent divergence (5.7%) was between Red crucian carp and Japanese
crucian carp, and the lowest percent divergence (0) was among Pengze crucian carp, Silver crucian carp clone A and D.
The percent divergence between Dongtingking crucian carp and Japanese crucian carp was 5.6%, which was 2.2%
among Dongtingking crucian carp and Pengze crucian carp, Silver crucian carp clone A and D, 0.8% between Dong-
tingking crucian carp and Red crucian carp, and 0.7% between Dongtingking crucian carp and crucian carp. Compared
with the mitochondrial DNA control region in mammalian and other fishes, the extended terminal associated sequences
(ETAS), central conserved sequence blocks (CSB-F, CSB-E, CSB-D), conserved sequence blocks (CSB-1, CSB-2,
CSB-3) and putative promoters of the mitochondrial DNA control region in the seven strains of Carassius auratus were
observed. Analysis of the sequences percent divergences and phylogeny indicated that the Dongtingking crucian carp
had a extremely close relationship with crucian carp and Red crucian carp, taking the second place with Pengze crucian
carp, Silver crucian carp clone A and D, and had a farthest relationship with Japanese crucian carp. Moreover, the con-
sistent similarity and percent divergence of the mitochondrial DNA control region among Pengze crucian carp, Silver
crucian carp clone A and D demonstrated that they were the same strain of Carassius auratus.

Key words: Carassius auratus Dongtingking variety; Strains of Carassius auratus; Mitochondrial DNA; Control region;
Phylogeny



