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(ABE 3730 tor mussissippiensis (Y 13113) Eumeces egregius
) Chromas 1. 62 (ABO16606) 15 ,
, Protopterus dollot (NC_001708)
1 2 rRNA Cyth .18 7 ’
(RNA NJ MP
Tab. 1 Amplification and sequenceing primers utilized for 2 rRNA ’
genes, Cytb gene and segmental tRNA genes of L. kuhlii and L. fragilis ML MEGA 3.1
= ,NJ Kimura 2 paranete
(573) (bp)
Primers and sequences Genes Length » MP CN1 level= 2,
Al: GTCCTGCTTTT ATAGCTT AAAC {RNA™'  912(Lk) eap ’ (painvise dele-
. ; tion) ML PHYLIP 3. 64 ( dnaml
A2" : GAAGAGGGIGACGGGCGGIGTGT & 12SrRNA*  908(Lf) ]
B1:TTAATAAGGCCCTGOGACGIGT 2 RNA*  1154(1k) / z 1)
B2: TGATTAT GCTACCTTT GCACG & IRNAYY  1153(18) (Bootstrap test) ,
C17: CGCCTGTTTACCAAAAACAT R 598(1k) 1000 ?
16S rRNA*
(2": CCGGT CTGAACTCAGATCACGT 592(1f) 2
D1: CTGGGGATAACAGCGCAATC 16S rRNA \ 344(Lk) 21 PCR
D2: GAGGGCTTAGGTCT CITGCAT & tRNALew(WUB A 34]([f)
E1: ACTACAGAAACATGGCACC 1167(Tk) 4 Al,A2;Bl, B2 C1, €2 DI1,D2
Gytb 4 PCR
E2: CTGCGTAAGAATTAAAATTTGAG 1164( L) ’
B : GGAGCCAACCCGTICTCTGICG Phe Val
Bl, B2 736( Lf) 12S  16S rRNA tRNA tRNA " 4
Leu(UUR)
E  :ATCGCTGGCGCCAGCATAATC . k2 603 (Lk) tRNA El’ E2
El E2 60a L) 2 mtDNA 1167 bp
* :H1478Y - Simon 1164 bp, Cytb
217, @ X .
s A » Lk $Lf GenBank,
* An aserisk denotes the primer roots in the general primer“ H1478” , AY899241 AYS99242
and the origins of the primer labeled“ -” is Simon et al ; The gene labeled 2.2
“& represents segmental gene; Lk: L. hkuhlii, If: L. fragilis 2 rRNA mtDNA
15 , 125 rRNA 928 bp, A+ T
mtDNA Sequin 3.0 RNA 54.5% , 16S rRNA 1586 bp,
ScanSE 1.21 2 RNA Cytb A+T 59.5%,2  1RNA
{RNA MEGA 3. 1 GC (GG-skew) -0.14;
mtDNA , 125 16S rRNA
Bifo 924 bp 1579 bp, A+ T 53.3%
melanosticius ( NC.005794) Hyla Chinensis >8.5%, »2 TRNA GG
(AY458593) Polypedases megacphalus - 016
( AY458598 ) R. nigromaculate (ni)/ () (2
F. limnocharis, Mertensiella Cyth Cytd
luschani ( AF154053) Ambystoma mexi- 1143 bp, 381 A+ T
canum ( AY65991) Andrias davidianus >7%; Cytd 1140
(AJ492192) Andrias japonicus ( AB208679) bp, 380 A+ T 36. 6%
Ranodon sibricus (AJ419960) , ATG, TAA
Typhlonectes natans ( AF154051)
Ichthyophis bannanicus( AY 458594) Uraeo- ’ ’
pphlus . acyurus( NC_006305) , Alliga- 2. 0% (2
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2 4 3
Tab. 2 Diversiy of miochondrial protein coding gene( Cytd) and two tRNA genes among 4 frogs
128 rRNA 165 tRNA Cytb

Species

nt( %) ni/ v nt( %) ni/ v nt( % ) 1 ni/ nv 2nd ni/nv 3rd ni/ nv aa( %)
Lk/ Lf 14.09 78/ 39 16. 9% 141/ 9% 23 01 33/9 65 103/ 66 9. 40
Lk/ Rn 23.35 112/70 4. A 169/ 163 3147 28/ 34 1210 113/ 93 16.30
Lk/ Fl 24.48 109/82 23. 03 150/ 161 34 33 45/22 11/ 14 110/107 16. 97
L/ Rn 24.26 127/59 25.75 178/ 162 29 46 27/31 79 112/ 89 15.37
Lf/F1 24.39 116/73 2. 56 162/ 154 3530 46/ 19 1113 131/93 16.03
Rn/F1 23.54 112/72 26. 06 179/ 166 332 35/25 8/14 12594 16. 97

: MEGA Kimura 2 parameter ; p- distance Lk L. kuhliv 1f
L.fraglis Rn  R. nigromaculae ~ ¥1  F. limnocharis; nt% — , aa% — , ni/ nv—

Note: Models of pairwise ditances by the MEGA software analyzed, Nucleotide: Kimura 2-parameter; Amino: p-dstance Lk L. kuhlii, 1f: L. fragilis, Rn:

R. nigromaculate and F1: F. limnodharis; nt% : percent nucleotide sequence differences; aa% : percent amino acid sequence differences

T [ 22]
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Fig 1  Nucleotide compositions for mitochondrial Cyt b and two rRNA
genes of 18 species in this study
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Abbreviations 125 GC% , GC base composition(%) of 12S RNA
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Ame: A. mexicanum; Ad: A.  daidianus ; Aj: A. japonicus ;Rs: R. sib-
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Fie. 3 Phylogendic relationships of frogs, salamanders, and caeciians
inferred from a data set that combines two tRNA and Cyt b genes, P.
dollot was used as a outgroup
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ence A frog —salamander clade is supported by NJ, MP, and ML analyses
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SEQUENCE OF THREE MITOCHONDRIAL GENES OF L. KUHLII AND L. FRAGILIS,
AND THE PHYLOGENETIC RELATIONSHIPS AMONG FROGS,
SALAMANDERS AND CAECILIANS

ZHANG Ji Feng"?, NIE LixWang', WANG Yang' and HAO Pei-Ying’
(1 Gollege f Lf'e Saences, Anhwe Nomal Unwersity, Wuhu 241000 2 Depariment  Chemisiry and Biolazy, Huanan
Nomd Unwersity, Huainan 232001)

Abstract: At the present time, the phylogenetic relationships among three living amphibian orders, 3 families of Caudate are still
debated. To test the phylogenetic relationships among these modern amphibians ( frogs, salamanders and caecilians), based on
the PCR fragments of 5 primers we designed, the complee sequences of mitochondrial 12S rRNA, 16S tRNA and Cytb genes
were detemined for L. kuhlit and L. fragiis. In L. kuhlii the 12S and 16S RNAs were 928 and 1586 nt long, respedively.
The crresponding genes were 924 and 1579 bp long in L. fragiis. The overall A+ T content of two RNAs of L. kuhli was
57.74% , andthat of L. fragilis was 56. 63% . The nucleotide sequence of L. kuhli 12S and 165 rRNAs had 84. 15% simi-
larity to the homologous sequence of L. fragiis. The Cytb genes began with an ATG start codon and used complete TAA as a
stop codon in both sequences of two frogs. The sequences of this gene showed a 23.01% divergence at the nucleotide level and
9.40% divergence a the amino acid level between two frogs. In addition, located upstream and downstream of 12S rRNA genes
4 complete tRNA genes were obtained for the two frogs (two tRNA™® and two tRNAY* respectively), and all could fold in a
canonical cloverleaf secondary strudure. Two sequences of L. kuhlit and L. fragilis including several genes had been deposited
in the GenBank database under the accession number AY899241 and AY899242, respectively. When African lungfish ( Pro-
tepterus dollot NG 001708) was selected as an outgroup, and campared with the same mtDNA fragments of 13 other amphibians
(five frogs: Byfo melanostictus NG 0057H9, Hyla Chinensis AY458593, Polypedates megacephalus AY458598, Rana nigromac-
ulate AB0A3889 and Fegervarya. limnocharis NG 005055; 5 salamanders: Mertenstella luschani AF 154053, Ambysoma mexi-
canum AY 659991, Andrias daidianus AJ492192, Andrias jgponicus AB208679 and Ranodon sibricus AJ419960; 3 caecilians:
Typhlonectes natans AF154051, Ichthyphis bannanicus AY4A585% and Uraeotyphlus f . oxyurus NG-006305) and 2 species of
reptiles( Alligatar mississippiensis Y13113 and Eumeces egregius AB016606) recorded in the GenBank, we reconstruded phyloge-
netic trees using MEGA version 3. 1 and PHYLIP version 3. 64, based on a data set cambining two rRNA genes and Cytb genes.
The phylogenetic analyses results showed that NJ, MP and ML trees all strongly supported a sister group relationship for frogs and
salamanders, and favored a Cryptobranchidae + Hynobiidae clade with high bootstap support values. The result congruent with
the traditional hypothesis ( the Batrachia hypothesis) , and it was also supported by previous molecular studies based on the data
mitochondrial genes (i e., based on a data set combining 12 proteins and 2 rRNA, and every major amphibian group contained
a least two species) . In addition, the reason for our result inconsistent with previous works and the shortcamings of phylogenetic
analyses based on the different mitochondrial genes, and seleded the different species of the major anphibian groups and out
groups were also discussed. So, future researches on the evolutionary and phylogenetic relat ionships of anphibian will no doubt
need more evidence of morphological and fossil data, and a larger molecular data set, including more genes and key species.

Key words: Amphibian; Limnonectes; 12S and 16S rRNA genes; Cytb gene; Phylogenetic relationship



