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Tab. 1 Basic features of tunicates mitochondrial genomes
(bp) PCGs tRNA rRNA A+T (%)
14 484 12 24 2 76.2
13 648 13 24 2 80.8
15183 13 24 2 76.9
15535 13 26 2 53.2
14 579 13 23 2 52.9
14 790 13 24 2 78.6
14 737 12 24 2 77.3
14771 12 23 2 68.3
15 816 13 24 2 63.4
15028 13 25 2 70.2
14 414 13 24 2 70.1
16 351 13 24 2 61.0
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Fig. 1 Gene order of tunicates mitochondrial major coding genes (transfer RNA genes are excluded)
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(0.0927), nadl cob ( 0.1353 coxl nadl cob
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Tab. 2 Amino acids number, initiation and termination codons in protein-coding genes of tunicates mitochondrial ge-
nomes

atp6  atp8 cob coxl cox2 cox3 nadl nad2 nad3 nad4 nad4L nad5 nad6

N 207 - 362 513 228 261 298 318 114 440 86 568 148
| ATG - ATG ATG TTIG TTG TTG ATG ATT ATT ATG ATG ATG
T TAA - TAA TAA T- TAA TAA TAA T- T- TAG TA- TAA
N 193 30 356 512 313 259 284 286 113 420 88 545 146
| ATG ATA TTG ATG ATA ATG ATG ATG ATA ATG ATA ATT ATG
T TA- TAA TAA TAA TAA T- T- T- TAA TA- TAA TAG T-
N 205 40 362 518 225 261 303 314 128 446 87 564 152
| ATG ATG ATG TTG TTG ATG ATG TTG TTIG ATG ATT ATT ATG
T TAA TAA TAG TAA TAA TAA T- T- TAG T- TAA T- TAG
N 212 38 363 514 228 263 305 340 126 459 89 550 159
| GTG ATT ATG GTG GTG TTG GTG ATG GTG GTG GTG ATG GTG
T TAG TAG T- TAG TAA TAG TAG TAA TAG TAG TAG TAG TAG
N 212 38 363 509 228 262 302 337 124 463 85 547 157
| ATG ATT ATG GTG GTG GTG ATA ATA ATG GTG ATA GTG TTG
T TAG TAA TAG TAG TAA TAA TAG TAA TAA TAG T- TAA TAG
N 210 43 361 520 229 262 302 369 113 442 92 578 159
| ATG ATG ATG ATG ATG ATG ATG ATT ATG ATA ATT ATT ATG
T TAA TAG TA- TAA TAA TAA TAA TAA TAA TAA TAG T- TAA
N 209 - 361 516 221 262 344 330 115 441 88 578 165
| ATG - ATG ATG ATG ATG ATG ATG GTG ATA ATG ATA GTG
T TAG - TAA TAG T- T- TAG TAG T- TAA TAA TAA TAA
N 211 - 362 517 225 264 298 333 111 435 106 551 147
| GTG - ATT ATG ATA GTG ATA ATG ATG GTG ATG TTG GTG
T TAA - TAG TAG TAA TAA TAA TAA TAG TAA TAG TAA TAA
N 209 38 365 515 224 262 304 343 118 443 84 582 145
| ATT GTG TTG ATG ATG TTIG ATA GTG GTG GTG GTG GTG ATG
T TAG TAG TAG TAG TAG TAA T- TAG TAA T- T- TAG TAG
N 213 40 367 518 227 261 295 337 134 447 91 575 148
| ATG ATG ATG ATA ATG ATG ATG ATG ATA ATG ATT ATG ATG
T TAA TAA TAA TAA TAA TA- TAA TAA TAA TAG TAA TA- TAA
N 208 37 367 516 226 260 303 328 126 443 80 576 149
| ATG ATG ATG GTG ATG ATG TIG TTG TTIG TTIG TTIG TTIG GTG
T TAG TAA TAG TA- TAG TAG TAA TAG TAG TAG TAG TAA TAG
N 202 48 359 510 239 264 312 319 105 434 101 561 157
| TTG ATG GTG TTG TTG TIG TTIG TIG ATT TIG GTG GTG TTG
T T- TA- TAG TAG TAA TAG TAG T- TAG T- TAG TAG TAA
- N. L cT.
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Fig. 2 The ratio of Nonsynonymous and synonymous substitutions rates (Ka/Ks) was estimated in protein-coding genes of
Ciona mitochondrial genomes
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Tab. 3 Analysis of different loci of protein-coding genes and ribosomal RNA gene in tunicates mitochondrial genomes

atp6 atp8** cob coxl cox2 cox3 nadl nad2 nad3 nad4 nad4L nad5 nad6 SrRNA IrRNA
* 552 63 1038 1512 636 768 810 750 249 1173 207 1356 387 473 793
100 11 301 581 142 218 192 55 38 168 23 236 26 82 118
452 52 737 931 494 550 618 695 211 1005 184 1120 361 391 621
58 13 113 138 74 83 86 63 26 100 18 114 30 54 66
394 39 624 793 420 467 532 632 185 905 166 1006 331 337 555

81.88 8254 71.00 61.57 77.67 71.61 76.30 92.67 84.74 85.68 88.89 82.60 93.28 82.66 78.31

(%)
DE, (Total number of sites) i 9
, , cox2  coxl ,
cox1 cox2 , 23.68% 23.97%;
16.21% 18.85%; nad5 nad5 (618 ), nad4 527 ) 5)
(462 ), nad4 (331 ) 4 , , had5

, nad4
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Tab. 4 Analysis of different loci of protein-coding genes and ribosomal RNA gene in Ciona mitochondrial genomes

atp6 cob coxl cox2 cox3 nadl nad2 nad3 nad4 nad4L nad5 nad6 SrRNA IrRNA
* 627 1083 1542 663 786 906 990 339 1323 264 1719 474 672 1075

470 856 1292 538 622 701 689 235 992 178 1257 321 473 837

157 227 250 125 164 205 301 104 331 86 462 153 199 238

(%) 25.04 20.96 16.21 18.85 20.87 22.63 30.40 30.68 25.02 32.58 26.88 32.28 29.61 22.14
. ( 5 )
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Tab. 5 Analysis of different loci of protein-coding genes and ribosomal RNA gene in Phallusia mitochondrial genomes
atp6 atp8 cob coxl cox2 cox3 nadl nad2 nad3 nad4 nad4dL nad5 nad6é SrRNA IrRNA
* 633 96 1089 1527 684 786 903 987 360 1365 255 1629 459 709 1117
407 56 790 1161 522 555 @ 618 556 231 838 164 1011 250 488 750
226 40 299 366 162 231 285 431 129 527 91 618 209 221 367
%) 35.70 41.67 27.46 23.97 23.68 29.39 3156 43.67 3583 38.61 35.69 37.94 4553 31.17 32.86
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Fig. 3 Phylogenetic tree based on aligned amino acids sequences from mitochondrial protein coding genes
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Tree topologies produced by the two methods were identical. The first numbers are from Bayesian inferences (BPP) and the second numbers

are from maximum likelihood analyses (BPM)
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Comparison on characteristics of tunicates mitochondrial
genomes and molecular phylogeny
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Abstract: In this paper, a comprehensive analysis based on 12 tunicates mitochondrial genomes has been done and
the basic characteristics of tunicates mitochondrial genomes are fully revealed. In tunicates mitochondrial genomes,
all genes are encoded on the same DNA strand, which is significantly different with the genes distribution feature of
vertebrates and amphioxus mitochondrial genomes. Compared with typical gene composition of metazoan mito-
chondrial genomes, there are increase of transfer RNA genes and missing of atp8 gene in some tunicates species.
Gene order is extremely rearranged among tunicates mitochondrial genomes, there are gene rearrangement and gene
loss of major genes even in same genus. There are differences in the start codon, stop codon and amino-acid number
in protein-coding genes of tunicates mitochondrial genomes. The ratio of Ka/Ks of 12 protein-coding genes from 2
Ciona mitochondrial genomes is less than 1 (between 0.0927 and 0.6752), indicating a negative selection. In major
coding genes, nad5 and nad4 genes have the largest number of different loci, which can be used as alternative mo-
lecular markers to analyze biodiversity among different tunicates species. The phylogenetic trees based on mito-
chondrial genomes support the relationship at family level: (((Pyuridae+Styelidae)+(((Polyclinidae+Didemnidae)+

Clavelinidae)+Cionidae))+ Ascidiidae)+Doliolidae.
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