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] y /
, DNA PCR
[21] L
t D -loop PCR
(D-loop) : F
, (5'- ACCACTGGCTCCCAAAGC-3') R (5'- ATCT-
(2] TAGCATCTTCAGTIA-3') 6Q L PCR
Holcrof *®! (=l 50ng DNA, 10 x L, 2.5mmol/L
( 1), oANTP 2L, (10 pmol/L) 2.5W L, Taq
2.0U, PCR
, 194 4min; 94 45min,
52 45s, 72 Imin, 35 ;72
1 8min DNA
Tab.1 Listing of gecies exanined in this study, following classification 0.8% )
of SuandLi (2002) with GerBank accession numbers glassnilk (B ioStar) (
GernB ank 1)
Taxon and Voucher . . GerBank 1.3
Collectionlocality .
samples No. accession No. DNAsar  Editeq ( htp: / Awwv. dnastar. com /
C_anlthigastef APOOG744 web/ index. php) Clustal X"  sEA-
rivu atu-s Vi IEN[27]
Sphoeroides AN . o .
pachygaster Tetraodon nigroviridis  Lagocephalus gloveri
Tetraodon ( 1) )
o IHB 0400161 BU302604 o8
nigroviridis W iend , Genebank
Lagooephalus HB 0411227 EU302605 D-loop
gloveri ( 1)
T. snyderi AY599626 (20]
T. porphyreus AY599625 DAMBE D-loop
T. pardalis AY599624 ( ), Fg4q'*!
T. fasiatus AY952463 (p-distance) M EGA 33!
T. stictonotus AY599627 . [32]
T. exascurus A'Y599623 PAUP 4.0b10
T. oblongus HB0411188 BU302602 (Campositional bias)
T. alboplunbeus ~ HB0411176 BU302601 PAUP* 4.0b10'% M Bayes3. 0 ap
T. orbimaculatus  HB0411199 BJ302603 i L.
T. orbimaculatus  HB0411202 BJ302599 ! (Nelghbor-Jomlng, NJ)
T. fasiatus HB 0411212 EU302597 (M aximun parsmony, M P)
T. fasciatus HB0411203 BU302598 (M aximnum likelihood ML) (Bayesian)
T. rubripes HB 0411226 EU302600 MB
T. stictonotus HB0507172 EU302596 ' ayes
3. 04p'*! ML MP  NJ
1 (Bootstrgps,BS) ,
250 1000 1000 ;
1.1 11 ( Posterior probabilities,
, ( 1) PP) ML NJ , Modltest 3. 06'*"!
(sl PAUP Shi-
95% , modaira-Hasegava(SH) (es1
1.2 DNA 95%
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) nop terygii) (31
X2 =45.74, df =51, p= 0.68
2- 1 1
15 18 ( : ( 2 3
), 841 (bp) , (p-dis
395 267 tance) 0.028
( (T. syderi  T. stictonotus)  0.083 (T. oblongus
2) ,D-loop T. alboplumbeus  T. blongus) ,
, G , 0.227 (Lagocephalus
14. 9%, 6.8%, gloveri  T. blongus) 0.269 (Sphoeroides pachyg-
, (Acti- aster T. fasciatus)
2 18
Tab. 2 Nucleotide frequencies of D-loop sequences in 18 individuals
Taxon A C G T # Sites
T. stictonotus 0.333 0.187 0.167 0.312 616
T. stictonotus 0.325 0.175 0.174 0.325 793
T. syderi 0.332 0.193 0. 167 0. 308 617
T. fasciatus 0. 355 0.191 0.132 0.321 816
T. faxciatus 0. 359 0.191 0.129 0. 322 817
T. orbimaculatus 0. 358 0.190 0.129 0.323 815
T. fasciatus 0. 356 0.186 0.131 0.327 817
T. alboplumbeus 0. 349 0.191 0.132 0.327 816
T. oblongus 0. 346 0.191 0.139 0.324 815
T. rubripes 0. 353 0.188 0.133 0. 326 819
T. orbmaculatus 0. 357 0.183 0.134 0.327 816
T. pardalis 0.333 0.189 0. 160 0.318 613
T. exascurus 0.330 0. 196 0. 166 0. 308 616
T. porphyreus 0.338 0. 200 0. 162 0. 300 616
Canthigaster rivulatus 0.319 0.212 0.160 0.308 805
Sphoeroides pachygaster 0.322 0. 206 0.155 0.317 795
Tetraodon nigroviridis 0. 307 0.212 0.176 0. 305 802
L agocephalus gloveri 0. 327 0. 208 0. 149 0.316 804
M ean 0.339 0.194 0.149 0.318 756
025
0.20 L 5
q‘f e
] L3
015 ] %- *
- o ‘ * & s
S o
L 2 m Vv
0.10 | ’. PN '
* Ta
0.05 j
! I
* -.-’ N
0.00 Ll 1 1 1 L ]
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2
Fig 2 Numbersof transition and transsersion substitutions
F84 , 18 7S Y

vs the F84 distances in paiwise camparins of 18 sequences ( included outgroups) for D-loop gene, smeant transition; v meant transversion



4 : D-loop 659

3 D-loop 18 ( p-distance)
Tab. 3 Paiwise p-distance of the D-loop sequencesof 18 individuals

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

alboplumbeus 0.069 0.071 0.069 0.078 0.065 0.067 0.073 0.062 0.076 0.06
pardalis 0.067 0.076 0.053 0.064 0.055 0.053 0.058 0.065 0.069 0.039 O0.046

exascurus 0.067 0.08 0.048 0.076 0.067 0.065 0.073 0.083 0.083 0.053 0.074 0.057

T. stictonotus

T. stictonotus 0.03

T. snyderi 0.028 0.055

T. fasiatus 0.071 0.081 0.06

T. fasiatus 0.065 0.073 0.055 0.012

T. orbmaculatus 0.064 0.074 0.053 0.021 0.016

T. fasiatus 0.071 0.081 0.06 0.03 0.021 0.016

T. alboplunbeus 0.067 0.071 0.064 0.067 0.065 0.06 0.065

T. blongus 0.064 0.071 0.06 0.064 0.062 0.053 0.058 0.021
T . rubripes 0.062 0.081 0.044 0.046 0.037 0.035 0.037 0.062 O0.06
T.

T.

T.

T.

porphyreus 0.051 0.081 0.037 0.064 0.058 0.06 0.06 0.076 0.069 0.051 0.081 0.065 O0.067
Canthigaster 0.251 0.25 0.262 0.25 0.248 0.25 0.248 0.246 0.251 0.246 0.234 0.248 0.248 0.251

Sphoeroides
0.246 0.241 0.25 0.264 0.262 0.262 0.269 0.246 0.25 0.264 0.25 0.25 0.257 0.257 0.188
pachygaster
Tetraodon
) o 0.255 0.25 0.253 0.26 0.255 0.251 0.262 0.246 0.248 0.25 0.246 0.244 0.253 0.262 0.212 0.23
nigroviridis
L agocephalus
| . 0.241 0.241 0.241 0.246 0.242 0.239 0.246 0.227 0.235 0.232 0.228 0.234 0.248 0.237 0.232 0.225 0.26
gloveri
2.2 D -loop
, Bayesan ML MP  NJ MP
100 3 Buckley, et al. '’
Bayesian ML (-InL = 6627.22) MP NJ , Shimodaira-Hasegava
() ™ H
1 S_|
Bayesian , (T. alboplumbeus) ( 4); , H
(T. oblongus) , B ayesian
(PP =99), T. ex- 4 SH MP NJML  Bayesan
ascurus (PP =92) , Tab. 4 Statistical comparion of alternative topologies includingM P, NJ,
T. snyderi (T. stictonotus) ML and Bayesian trees using and Shimodaira and Hasegawa (1999) tests
(PP =52) (T. porphyreus) Shimodaira-Hasegava test
Tree
(PP =100) , (T. fas -InL Diff -InL P
ciatus) (T. orbimaculatus) MP tree 5029. 880 8.845 0.140
(PP =100), Bayesian tree 5021. 035 Best
(T. pardalis) (PP=98) Bayes ML tree 5021. 525 0. 490 0. 693

ian ML , MP
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hal, )
Lagocephalus gloveri Logocephalis glovert
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85
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oll-7. Jasciatus - T. pardalis
0.1 T. fasciatus
3 D-loop (A)Bayesan HKY + 1+ G
, 1000000
Lagocephalus gloveri ( 50% ): (B)ML HKY + 1+ G
. Sphoeroides pachygaster Outgroup 100 o =0.5094, - InL = 5017.5361,
100 Canthigaster rivulatus ( 50% ); (COMP
1000 , Tree length = 902, CI = 0.7239, HI =
Tetraodon nigroviridi 0. 2761: ( 50% )
bl{ T. alboplumbeus Fig. 3 Tree realting from Bayesian analysis of Tetraodontiformes
T oblongiis based on D-loop gene sequences Bayesian tree using HKY + | + G
model and posterior probability analyses with 1000000 generations
£ warsconis (only values above 50 are shown) (A) . Tree resulting fram maxi-
92 - . .
100 T. porphyreus mum likelihood analysis of combined cytochrome b and 12S RNA
7 et gene squences ML tree using GTR + G + Imodel; o = 0.5976,
| = 0.5458; - InL = 6627.22335. Bootstrgp estimates are derived
10o] T- stictonotus from 250 replicates (only values above 50 are shown) (B) . The
199 T. stictonotus 50% majority-rule consenaus of 1000 trees rewulting fram maximum
T: ribripes parsmony analysis, Tree length = 902, Cl = 0.7239,HI = 0. 2761.
Bootstrgp estimates are derived fran 1000 replicates (only values
T. orbimaculatus above 50 are shavn) (C)
T. pardalis
82
T. orbimaculatus 3
B ;
100] 7. fasciatus
3 3.1 D-loop
T. fasciatus 38
100 Lee etal '™ D-loop
01 T. fasciatus
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PHYLOGENETIC RELATIONSHIPSOF THE GENUS
TAKIFUGU (TETRAODONTIFORM ES, TETRAODONT IDAE)
TESTED BY miDNA DL OOP REGION SEQUENCE VARIATIONS

ZHANG YuBo"?, GAN XizoNi' and HE Shun-Ping
(1. Institute of Hydrobiology, Chinese Academy of Sciences Wuhan 430072; 2. GraduateU niversity of Chinese Academy of Sciences Beijing 100039)

Abstract: The pufferfishes of the genus Takifugu are East A sian fish, mainly distribute along the coastal region in western
part of the Sea of Jgpan and the East China, This genus is attached more and more importance to researchers, for Takifugu
rubripes, which isone geciesin it, hasbeen a nev model fish in the post-genamic era. The detailsof the phylogenetic re-
lationshipswithin the genus ramain unresolved. In the present pgoer, mitochondrial D-loop sequencesof 11 geciesof the
genus Takifugu were detemined and analyzed to test the present phylogenetic hypotheses The sequence saturation analy-
siswas inferred from the shgpe of the trend line, which indicated that the sequence was unsaturated and could be used in
the following phylogenetic analysis After alignment, the sequence campositions and variations were analyzed by using
MEGA 3 oftware. Therewere 841 sites, anongwhich 395 siteswere variable, and 267 were infomative. Therewas sig-
nificant difference in base compositional bias betveen the ingroup and the outgroup fecies The uncorrected p-distance
matrix obtained from the analysisof the aligrment of all D-loop sequences showed that the relationships anong the different
Pecieswere closely. Neighbor-joining, M aximum Parsimony, M aximum L ikelihood and B ayesian methodswere employed
for phylogenetics analysis, regectively. Due to the H test about the phylogeny hypothesis, we chose the Bayesian tree as
our best tree in thispgper. TheBayesian tree has described amore clearly phylogeny and the analysis also has pointed out
the basal ecies in the genus The reaults indicate that the genus form amonophyletic groups, with the sister group con-
sisted by T. oblongusand T. alboplumbeus is the basal group of the genus Our results al® shov some confusion about the
taxonamy in the genus, according to the data and combined analysiswith the momphological characters, we uppose sme

Pecies are in fact synonymous in this genus, which suggest that the taxonamy should be clarified based on both molecular
and mormphological data in the future.

Key words Phylogeny; D-loop; Takifugu



