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Abstract:The nucleotide sequence of the complete mitochondrial DNA (mtDNA) genome was determined in
Takifugu fasciatus. DNA sequencing was based on PCR fragments from 14 primer pairs that were designed on
the basis of mtDNA sequences of other related Takifugu species. The entire mitochondrial genome of T.
fasciatus (GenBank accession no. GQ409967) was composed of 16 444 base pairs (bp) in length with 55. 8%
A +T content which coded for 22 tRNAs 2rRNAs 13 protein—coding genes as well as a control region (D-
loop) of 819 bp as was characteristic for mitochondrial genomes of other metazoans. All protein-coding genes

of the T. fasciatus mitochondrial genome started with a typical ATG codon except for CO 1 and ND6 with GTG
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and CTT. The usual TAA termination codons were found for ND1 ATPase8 COIl NDA4L NDS5 and Cyt b
however the other 7 protein—coding genes had an incomplete termination codons (T or TA). It was comfirmed
that the gene arrangement of T. fasciatus could be used to identify other Tetrodontiformes fishes. Transfer RNA
(tRNA) genes ranged in length from 64 to 73 nt and their planar structures showed characteristic clover leaf.
Construction of phylogenetic trees based on the entire mitochondrial genome sequence of 19 Tetrodontiformes
species constructed by NJ and MP method has suggested that the T. fasciatus has closer relationship to the T.
rubripes and T. chinensis and that they constitute a sister group. The results also suggest that the genus
Takifugu (Tetrodontiformes Tetraodontidae) can be treated as a monophyletic group.
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Table 1 PCR and sequencing primers for Takifugu fasciatus
NO Forward Sequences Reverse Sequences Product length
' primer (5'-3") primer (5'-3") (bp)
1 L1 TGAAAGTCCCGCAGGC H1 GCGTCAACTCGGTGTAAGG 1 015
2 12 GAGGCAAGTCGTAACATGGTAAGT H2 GGTTGGAGGAGTCCGTAAGGT 1 740
3 L3 GGAGTAATCCAGGTCAGTTTCTA H3 TGCTCGTGGGTGGTGTTG 1 600
4 14 CAATATGATACATCTCCACGCTAG H4 ATGAAGAGAGAAGATGGTGAGGTC 2 504
5 L5 GCAATCTAACATGTAACACC H5 CTACCTTGACAAAGTAGTG 1 766
6 L6 CCACTCTGTCACTTTCTT H6 ACTCAACCCCGCACC TTG 870
7 L7 CACCCTTAGTGAAATGCC H7 AGCGACTGCTCCTGTTAG 1 884
8 L8 CTCTATCTACAAGAAAACGT H8 GATGAGGGATAAAGCTGTG 890
9 19 ACGTTTAATGGCCCATCAAGCAC H9 ATGAGAATACCTCCAACTACCAG 2 484
10 L10 ACACACAGCCGAACTATACTACTTG HI10 ATTAATCCAATGTCTCCGACTCGA 2 493
11 L11 TTCCAAAGATGCCATCATCGAATC H11 TTCCAAAGATGCCATCATCGAATC 2018
12 L12 GAAAAACAAGCGCATAAAACA H12 CAAAAAGAAGGGACTTCAAC 1327
13 L13 TCTTGTAAACCGAATGTC HI13 GCGTAGCTTAACCAAAGC 960
14 L14 TGAGGGACAATAACAG H14 CCAACTCCCTATTTCC 791
1.4 mtDNA 16 444 bp(GenBank :GQ409967) .
DNA Sequence 22 tRNA 2 rRNA (12S rRNA
Analysis 3. 4. 1 Seqman 5. 05 0 16S rRNA) . (D- D-oop) ~
N ( Tetraodon 13 R
nigroviridis AP006046) 9
miDNA 65 bp tRNA™M"
VtRNA ~tTRNA o tRNA®® 34 bp : 13
MEGA 3 37 bp. 12S rRNA 16 rRNA
A N ° 947 bp 1 667 bp.
RNADrawl. 1b2 RNAStructure 3.7 1 b (Cytochrome b Cyt b) .2
A o .
RN ATP ( ATP synthase subunit;
Clustal X
ATPase8 ATPase6) .3
° (Cytochrome oxidase subunit; CO1 COIl CO
MEGA 3 NJ MP
(D) (MP) m).7 NADH (NADH dehydro-
bootstrap) 1 000 .
( P) genase subunit; ND1 2 3 4L 4 5 6)(
’ 2). 5'4RNA™  3'4RNA™
2
819 bpo
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strand) 8 tRNA (Pro.Tyr.Ser. Ala.
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Table 2 Organization and profile of the mitochondrial genome of Takifugu fasciatus

Codon
) . Intergenic Size Amino acid . !
Feature Position nucleotide St “ (bp) (an) Anti ,(:f)(l(]n Strand
b Stop position
tRNA ™ 1~68 68 GAA/31 ~33 H
12S rRNA 69 ~1 015 0 947 H
tRNAV 1016 ~1 088 0 73 TAC/35 ~37 H
16S rRNA 1 089 ~2 755 0 1 667 H
tRNAe" 2 756 ~2 828 0 73 TAA/35 ~37 H
ND1 2 829 ~3 803 0 ATG TAA 975 324 H
tRNA" 3 806 ~3 875 2 70 CAT/31 ~33 H
IRNA®" 3875 ~3 945 -1 71 TTG/31 ~33 L
tRNAY 3945 ~4 013 -1 69 GAT/31 ~33 H
ND2 4014 ~5 059 0 ATG TA + 1 046 348 H
tRNA "™ 5060 ~5 130 0 71 TCA/32 ~34 H
tRNAM: 5132 ~5 200 1 69 TGC/32 ~34 L
tRNAA" 5203 ~5276 2 74 GTT/35 ~37 L
LRNA 5311 ~5 374 34 64 GCA/37 ~39 L
tRNA™" 5374 ~5 443 -1 70 GTA /26 ~28 L
co1 5 445 ~7 004 1 GTG T ++ 1 560 520 H
tRNA S 6 996 ~7 066 -10 71 TGA /33 ~35 L
tRNA P 7070 ~7 141 3 72 GTC/34 ~36 H
coll 7 148 ~7 838 6 ATG T ++ 691 230 H
tRNA'® 7 839 ~7 911 0 73 TTT /34 ~36 H
ATPase8 7913 ~8 080 1 ATG TAA 168 55 H
ATPase6 8 071 ~8 754 -10 ATG TA + 684 227 H
coll 8 754 ~9 539 -1 ATG TAA 786 261 H
tRNA Y 9 540 ~9 609 0 70 TCC/32 ~34 H
ND3 9610 ~9 958 0 ATG T ++ 349 116 H
IRNAME 9 959 ~10 027 0 69 TCG/31 ~33 H
ND4L 10 029 ~ 10 325 1 ATG TAA 297 98 H
ND4 10 319 ~11 699 -7 ATG T ++ 1 381 460 H
tRNAM® 11 701 ~11 769 1 69 GTG/31 ~33 H
tRNAS" 11 770 ~ 11 837 0 68 GCT/27 ~29 H
tRNAe" 11 843 ~11 915 6 73 TAG/34 ~36 H
ND5 11 916 ~13 754 0 ATG TAA 1 839 612 H
ND6 13 750 ~ 14 271 -5 CCT T ++ 522 173 L
tRNAC™ 14 272 ~ 14 340 0 69 TTC/33 ~35 L
Cyt b 14 345 ~ 15 481 4 ATG TAA 1137 378 H
tRNA™ 15 485 ~ 15 556 3 72 TGT/33 ~35 H
tRNA'™ 15 556 ~15 625 -1 70 TGG/31 ~33 L
D-oop 15 626 ~ 16 444 0 819 H

In the column of intergenic nucleotide the positive number indicates interval base pairs between genes while the negative number

indicates overlapping base pairs between genes.
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Fig.1 Gene organization for the mitochondrial genome of Takifugu fasciatus
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tRNA"" (CUN) tRNA"“(UUR) tRNA®"(AGN) and tRNA®"(UCN).

2.2 DNA 14.6% ;C 29.0% ;A + T 56.2%
13 11 435 tRNA rRNA A+T
bp 69.54% . ATPase8/ATPase6 « 4. N
NDAL/ND4.ND5/ND6 5 ~10 bp
R A+T 55%
13 ATG GC AT(U) o
COl ND6 GTG CCT 3
; ND1.ATPase8. COIl NDAL.ND5. Cyt b Table 3 Amino acid compositions of
6 TAA 7 protein-coding genes of mitochondrial genome in
(T TA). Takifugu fasciatus
3 802 ) (%)
} ) Amino acid Codon Composition(N)  Percent
- Cys (€)0.74. Asp (D) Ala(A) GCN 314 8.26
2.00. Arg(R)2.00.Lys(K)2.05.Glu(E)2.60. Arg(R) CGN 76 2.00
) Asn(N) AAY 128 3.37
GIn(Q)2.68 . His(H)2.71.Tyr(Y) 2. 84, Met Asp(D) GAY 76 2.00
Cys(C) TGY 28 0.74
(M)2.87.Trp(W)3.05.Asn(N)3.37.Val(V) CIn(Q) CAR 102 5 68
5.50.Pro(P)5.81.Phe(F)5.97.Gly(G)6. 13, Glu(E) GAR 99 2.60
ro(P) e(F) y(6) Gly(G) GGN 233 6. 13
Ser(S)6.76.Thr(T)8.02.Ala(A)8.26.1le(I) His(H) CAY 103 2.71
Tle (1) ATY 358 9.42
9. 42\Leu(L) 17. 23( 3) Leu\ He\Ala Tl’lI' Leu(L) CTN + TTR 655 17.23
Lys(K) AAR 78 2.05
42.93% - Met(M) ATR 109 2.87
Phe(F) TTY 227 5.97
Pro(P) CCN 221 5.81
(M W V P F AITL) Ser(S) AGY +TCN 257 6.76
Thr(T) CAN 305 8. 02
60. 98% Trp(W) TGR 116 3.05
(R K H D E) 11.36% - Tyr(Y) Tay 108 2.84
Val(V) GTN 209 5.50
DNA N-

A 30.2% ;T 26.0% ;G

N: Number of amino acid compositions of protein—coding genes.
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Table 4 Base compositions of the mitochondrial genome of Takifugu fasciatus
AC%) (%) G(%) C(%) A+T(%) )
Protein—coding genes 30.2 26.0 14. 6 29.0 56.2 11 435
Lst code site 30.3 26.0 16.1 27.6 56.3 3812
2nd code site 29.4 26. 4 14.6 29.6 55.8 3812
2rd code site 30.9 25.8 13.3 30.0 56.7 3 811
tRNA tRNA genes 32.1 24.0 18.6 25.3 56.1 1 590
rRNA rRNA genes 34.5 21.3 19.7 24. 4 55.8 2614
D-oop 35.7 32.1 13.2 19.0 67.8 819
Whole genome 30.0 25.8 15.2 29.1 55.8 16 444
n: » n: Number of bases in corresponding sequence.
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Fig.2 Deduced secondary structures for tRNA genes from Takifugu fasciatus mtDNA
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Fig.3 Phylogenetic tree derived from Takifugu fasciatus and the other kinds of fish’ mtDNA
genome nucleotide sequences

a:NJ  ; b:MP . a:NJ tree; b:MP tree.
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