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Abstract
(Carassius auratus), and improve the database of the fish mtDNA, in this study, the mtDNA genome sequences of

In order to investigate the distribution of genes in the mtDNA of Carp (Cyprinus carpio) and Crucian

Carp and Crucian were obtained by PCR amplification and sequencing. The result showed that there were 16 596 bp,
which included 13 protein coding factors, 2 rRNA genes, 22 tRNA genes, and 1 D-Loop region, in the whole
genomes both of Carp and Crucian based on the comparison analysis. The contents of A +T% in the mtDNA
sequences of Carp and Crucian were 57.2% and 57.1%, respectively, and their base compositions all had a certain
A/T bias. The NJ phylogenetic tree analysis showed that the phylogenetic relationship between Carp and Crucian
was the closest, and the relationship with Deepwater stingray was farthest. This study revealed the genetic variation
and distribution of mtDNA in carp and crucian, providing a reference for the conservation, development and uti-
lization of fish genetic resources.
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Figure 1 Annotation of the Carp and Crucian mitochondrial
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Table 1 Characteristics of the protein coding genes and structural RNAs in the Carp and Crucian mitochondrial genome

AR gADEE AR K p)  [EBH(+) EFEC) IR T BT

Product name Strand Position Length (bp) Spacer (+)/Overlap (=) Start codon Stop codon

Phe tRNA H 1~69 69

12S RNA H 70~1 026 957

ValtRNA H 1027~1 098 72

16S RNA H 1099~2 786 1687 1

LeutRNA H 2 788~2 863 76

ND1 H 2 865~3839 975 4 ATG ATT (fif)/ACT (fill)
ATT (Cyprinus carpio)/ACT (Carassius auratus)

Ile tRNA H 3 844~3 915 72 -2

GIntRNA L 3914~3 984 71 1

Met tRNA  H 3 986~4 053 68

ND2 H 4054~5099 1046 ATG AAG

Trp tRNA H 5100~5 170 71 2

Ala tRNA L 5173~5 241 69

AsntRNA L 5243~5315 73 31

CystRNA L 5347~5 414 68 1

Tyr tRNA L 5416~5 485 70 1

COX1 H 5487~7037 1551 GTG ACG

Ser tRNA L 7 038~7 108 71 3

AsptRNA H 7112~7 183 72 13

COX2 H 7197~7887 691 ATG TCA

LystRNA H 7 888~7 963 76 1

ATPS8 H 7965~8 129 165 -7 ATG ACA

ATP6 H 8123~8806 684 -1 ATG ATG

COX3 H 8 806~9 589 784 ATG TAA

GlytRNA H 9 590~9 662 73

ND3 H 9663~10012 350 ATG AGG

ArgtRNA H 10013~10 080 68

ND4L H 10 081~10 377 297 -7 ATG AAA

ND4 H 10371~11 752 1 382 ATG AGT

His tRNA H 11753~11821 69

Ser tRNA H 11822~11890 69 1

LeutRNA H 11892~11964 73

ND5 H 11 965~13 800 1 836 -4 ATG AAC

ND6 L 13797~14 318 522 CTA TAA (f)/TAT (filll)
TAA (Cyprinus carpio)/TAT (Carassius auratus)

GlutRNA L 14 319~14 387 69 4

CYTB H 14 392~15 532 1 141 ATG TGC

Thr tRNA H 15533~15604 72

Pro tRNA L 15 605~15673 69

D-loop H 15 674~16 596 923

NA-3YVHEFI 5N /N BRI 928 KRGS R AREL, 4P 51300 16 596 bp, f04fK 923 bp
BerEE, 2004) 25, RO — @ RSP, Wk AR 73 X (D-loop X) AT 15 673 bp 1 4miL
Eb o) i I 1 2 AR A FE DA PR A A, PR ASS IX, mlghth 13 Fhas 0.2 A rRNA AT 22 Ff tRNA.,



40 FER A 22 5 N T A2

2 13 PiAB LR AL N 2 4 FhfdiE 17 7025 B FU AR

Table 2 Base compositions of the 13 fish mitochondrial genomes

Yy nR GenBank & %% K (bp) Bl 2H B (%)
Species Classification No. of GenBank Length (bp) Base composition (%)

T C A G
filf R} 16 595 26.5 26.3 30.7 16.6
Carp Cyprinidae
i Bl 16 596 26.6 26.2 30.5 16.6
Crucian Cyprinidae
T i} HQ891005 16 611 26.2 26.3 31.9 15.6
Grass carp Cyprinidae
EEE I i) iR} NC008324 16 599 26.9 26.2 30.1 16.8
Biwia zezera Cyprinidae
WY i g} JX559739 16 796 25.4 30.3 28.2 16.1
Australian spotted mackerel Scombridae
1K [CER7K R AR NC007230 17514 27.7 28.9 30.3 13.1
Deepwater stingray Dasyatidae
2B My B £ T BRfa ) NC007228 16 448 27.0 27.7 26.4 19.0
Variegated lizardfish Synodontidae
AT ik A} NC007229 16 553 27.8 25.9 29.9 16.3
Siberian spiny loach Cobitidae
ST 5] IR NC007231 16 641 26.3 30.0 28.0 15.6
Mozambique tilapia Cichidae
KT i £ i} NC006401 16 636 24.8 27.9 28.6 18.7
Chinese sucker Cyprinidae
JeARer ik fif: A} NC000861 16 659 26.5 28.5 28.1 16.9
Arctic char Salmonidae
Feer ik fif 7} AF154850 16 624 26.6 28.3 28.2 16.9
Brook trout Salmonidae
L iR i} JX559745 16 548 26.4 29.0 28.5 16.0
Broadbarred king mackerel Scombridae
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&S ATT, (Ml ND1 £ E350S 7 HACT;
il ND6 [ 1E%35 114 TAA, Tl ND6 ) £¢ 1F %
157 TAT, IXLEHEE 1) mtDNA A8 5, 45 B 5T
e B ) B REAE B () 2 S A TR R R 5

2IEFEERMERERRX

PR A0 AN G i X 1 37 AN FE DR 22 (], 55 DA i)
B S IEAT 65 bp, T BRI EE 1) 0.39%, Horf 10 4
SR (tRNA-Tle 55 tRNA-GIn, ATPS 5 ATP6, ATP6 5
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13 MM ERASER P EZ4 4L, 5308 7 bp.1 bp.7 bp.
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Table 3 Genetic distance

st fif 1 2 3 4 5 6 7 8 9 10 11 12 13
Species

1

2 0.361

3 0.306  0.365

4 0358 0424  0.348

5 0.205  0.391 0.321 0.36

6 0214 0378 0313 0368  0.229

7 0279 0367 0278 0343  0.289  0.281

8 0.281 0.365 0283  0.34 0.289  0.283  0.046

9 0300 0372 0.252 0354 0313 0318  0.281 0.282

10 0297 0367 0242 0342 0315 0308 0280 0.282 0.143

11 0.146 0383 0.316 0356 0.22 0232 029 0288 0319 0.310

12 0.137 0.38 0.310 0.356 0.213 0.229 0.283 0.283 0.311 0.305 0.046

13 0.149 0.382 0.311 0.353 0.214 0.230 0.286 0.284 0.314 0.307 0.046 0.039

T 1 A 20 TR QORI AL 30 P o SR 5840 4: JR B REAf 50 YL INAR fr1; 6: v HEAESH; 7: JEMRAL fifit; 8: SEYNAL itk 9: WM

ThR; 10: 2 Thiis; 11 FEE WM, 12: fif 40, 13: 6l

Note: 1: Grass carp; 2: Deepwater stingray; 3: Mozambique tilapia; 4: Variegated lizardfish; 5: Chinese sucker; 6: Siberian spiny loach; 7:

Arctic char; 8: Brook trout; 9: Australian spotted mackerel; 10: Broadbarred king mackerel; 11: Biwia zezera; 12: Carp; 13: Crucian
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Figure 2 Phylogenetic trees based on the complete mitochondrial

genome by Neighbor-joining analysis
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Table 4 Primers for amplifying the complete mitochondrial genome of Carp and Crucian

G5 31453 K (bp) IR KIRPE(C)
No. Primer (5'-3") Length (bp) Annealing temperature (C)
F-mt01 F: GCATCGGTCTTGTAATCCG 1247 58
R: ATAGTGGGGTATCTAATCCCAG
F-mt02 F: CTCGTGCCAGCCACCGCGGT 1435 56
R: TGGCTGCTTTTAGGCCCAC
F-mt03 F: GTCTCTGTGGCAAAAGAGTG 1304 56
R: AGATAGAAACTGACCTGGATT
F-mt04 F: CCTCGATGTTGGATCAGGAC 1525 54
R: AACCGTCATGTTCGGGGTATGG
F-mt05 F: GAGATCAAAACTCTTAGTGCT 1594 58
R: TACCTGTGGCAATTACGCGCTG
F-mt06 F: AACTCTTAGTTAACAGCTAAG 1561 52
R: GCCACGACGATACTCCGACTA
F-mt07 F: ACAGGTGTAAAAGTATTTAG 1314 55
R: CAGGAATGTAATACATCTTC
F-mt08 F: TAGGACATCAATGATACTG 1551 52
R: CCTTGAAAGGTTCCTTCTCGG
F-mt09 F: TTGATCCTAGCCCATGACC 1328 56
R: CAGGTGGGTGCGGTGAAATGC
F-mt10 F: AAGACCTCTGATTTCGGCT 1585 55
R: AGTGAGTAGCCCGCTGTAAT
F-mtl 1 F: AACTTAATAGGAGAACTAAT 1451 54
R: AGGCCGATTGTGACTATTATTAG
F-mt12 F: TCTGCCCTACTCCATTCTAGC 1567 56
R: AACCCGACTCCTTATTTTGCTGC
F-mt13 F: AAGGCTCAGCAGCTAAAGC 1510 52
R: TCCGATCTTCGGATTACAAGAC
Sambrook J., and Russell D., eds., 2002, Molecular cloning: a L 2E A S0, R ERME B ITAERE, SIm: B, R
laboratory manual, Cold Spring Harbor Laboratory Press, 1L, pp.70-95)
New York, USA, pp.484-485 Yuan Z.X., 2017, Evaluation of genetic resources and diversity of
Wang Z.W., 2005, Applications of genetic markers in fish breed- 4 economic species in cyprinidae from the Duliu river, The-
ing and ecology, Dissertation for Ph.D., Chinese Academy sis for M.S., Guizhou University, Supervisor: Dai Y.G., pp.
of Science, Supervisors: Gui I.F., and Wu Q.J., pp.70-95 (F 3-4 GEHR%, 2017, HBMNVL. 4 FhBRR 50 A i v IR IR

AT, 2005, 3 AR bR ACAE B ST RO AE 2500 5T RO N BV, B 22008 5, SR, S0 ARV 5t pp.3-4)



