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Phylogentic Relationships of Living Amphibians Among
Three Orders Based on the Mitochondrial tRNA Genes
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Abstract: To date, there still is lack of a general consensus regarding the phylogenetic relationships of three living
orders of amphibian among herpetologists. The most widely accepted hypothesis is the monophyletic origin in the class
Amphibia, which proposed a sister-group relationship between Caudata and Anura (the Batrachia hypothesis) to the exclu-
sion of the Gymnophiona. However, the phylogenetic relationship among living amphibians is still a controversial issue.
The complete nucleotide sequence of the mitochondrial genome of Fejervarya limnocharis was detailedly compared with
those of 6 other amphibians. The nucleotide sequences of 22 tRNA encoded by 7 amphibians mitochondrial genomes were
combined and aligned to the homologous sequences of the 11 veterbrate taxa, Teleosts selected as outgroup, the phyloge-
netic analyses results show that MP and ML trees all strongly support the monophyly of living amphibians with respect to
other living tetrapods and favor a sister group relationship for caecilians and urodeles. Robustness of our results was con-
firmed by high bootstrap support of all nodes in the trees. This result contradicts the Batrachia hypothesis, and is consis-
tent with Bolt’s hypothesis (1991) basing on the morphological data. The result was also supported by previous molecular
studies based on the data from mitochondrial and nuclear rRNA genes. In addition, the reason for our result inconsistent

with previous works and the shortcomings of phylogenetic analyses based on the complete mitochondrial genomes were also
discussed .
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BAERTERSIY N 3, ENMEEER
AR, XSEMUAEEIRRESTRET—EX
%. KRB (Anura) A ERAMGBFIELERE 8%,
BN BKEK; R HE (Caudata) BREK, MOEH
b, B®HMAXEYS; S HEH (Gymnophiona) R
VIR T3 &35 (Feller & Hedges, 1998), EIL7E
AR ORI S EFHERR B ERZEZ R
Pk, BAEPHELRAHEANGEH (300 ~ 250
BRE) ~ARRBHLMETR, FEHAREFR
XM ERERMHKF (Duellman, 1988; Milner,
1993), R, —BAOIEEANRFHRELES
¥ ) (Carroll & Holmes, 1980; Smithson,
1985) . i JUAAE B R Aok iR 8 43 F R I B 5T
UHFEREMBE SE S X MBS EKR
(Hedges et al, 1990; Hay et al, 1995). X T i#f—
SHETBAERINE 3N BEMRRRERE, #i
PEFE T bR 2 A tRNA B OR B 50X A~ (B
B

LY, BEERET 6 MERLRbLK
HB 41 4 FEF), K19 E W 58 Typhlonectes
natans (Zardoya & Meyer, 2000); A B B K #HEIL
#1 Ranodon sibiricus (Zhang et al, 2003a). K# An-
drias davidianus (Zhang et al, 2003b) F155 /MR
Y5 Mertensiella luschani (Zardoya & Meyer, 2001);
TR B K IE WM Xenopus laevis (Roe et al,
1985), B BE4E Rana nigromaculata (Sumida et al,
2001),

JEESYILARE tRNA H 8 LIBRK R<F B 2E R
FHETREZEENBRAFHE (Kumazawa &
Nishida, 1993), XEEEH b # R % T 68 5 W2k
FLABEM RBIURARER R, MTREE MK R-
NA HEFFIEH, ALUAXRBERE TR ER
xR E (Kumazawa & Nishida, 1993, 1995),

RATERIE KRR A ERASEWH 6
MBS BT T 4N LB A, LAk
HRA 22 4 RNA BRGH B AER, ERTH
TR RFERLE, HTBFRTRE 3B
REREFRR,

1 ME5HEE

1.1 FHGHEERALFIINIE
¥ Amason et al (1991) WA ENFEE Bi

AR BVLAEEIR) e o AP 4RI miDNA . FHSE
ALJE B mtDNA FEREAR, FEBIXHE A5 2 511
12S (Kocher et al, 1989) 1 16S rRNA (Simon et
al, 1994) RRE K B, FWF, EERL L, it
FIX} Long-PCR 5474 P Bt £ 7 000 bp + i mtD-
NA BB, @ PRI A DB U B /DA S R Be,
HTkER E. coli pGEM-3A* 8i&+, HRESRHA
S\ YBATENT . SURE F Brla] ) 3 Gha % BE R4l
TR FFIE 5, L mDNA IERT %
PCR =) E #e0U /7 RFh ST IESE
1.2 24k DNA FHIEE

HH 18R EFEBRNYIERNRR AL
HERETRA RS FWLNEE (FHRM
E). WEHE (GenBank B F 5K AF154051, F
). FrELs (AJ419960) . K8 (NC004926).
FE/NBEE (AF154053) . JEHUREE (M10217) A0
Btk (AB043889); JEATKIKNHHE Chrysemys pic-
ta ( AF069423 ). 5 & F Eumeces -egregius
(AB016606) . B 8 Iguana iguana (AJ404872) N
W #S Alligator mississipiensis (Y13113); SHKKH
A3 Coturnix japonica (AP003195) FEEE
Buteo buteo (AF380305); WHF.ASHI4HBE Tachyglos-
sus aculeatus (AJ303116) . K428 Macropus robustus
(Y10524) F1A Homo sapiens (D38112); HEHBER
A Carassius auratus (AB006953) FI kD
Wy #a Oncorhynchus mykiss (L129771) YERSMEE.
o F Ak TR 2R ) DL R S B T 3K R
(Zardoya & Meyer, 2001; Kumazawa et al, 1998),
EREARREMNEEL (Tetrapod) BLIEZER
T (B mDNA BH SR L E R,
B+, Kumazawa et al, 1998),
1.3 RGERESH

BAGRLREE A 22 4~ (RNA EEKFHI G
FX#ETRGE R LT, B CLUSTAL X (1.8) #
fTibxt, HESEEATRN, HWIHTEREBREEN
ERIBIERAEE, 5 3 HA TR TN
Mr kbR, £/ PAUP* (version 4.0 b10) F &
KEA% (MP) RIBAMARE (ML) #TREX
B A48T, MP TR E A 100 MSREVUE NS E
ERLUTE®E: 42508 10 MEVZE B s s
KA IEERE (heuristic searches), TBR (tree bisec-
tion-reconstruction ) 43 3Z 3T #t (branch swapping),
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R L EMA R %EZE (MULTREE option in effect) o
tRNA &3 BE M /B tt (Ts:Tv) F2: 1,
ML 4347 % F HKY8S5 %% (Hasegawa et al, 1985),
{3 Rogers-Swofford i {UAE J7 B 3R FF IR 8 XK
B, EAESWMKBIFER, as-is HMFEI, 4o
A HTBR, 4/ B R e BB KA REAE , Ts = Tv
Hh2:, RERAEZERABER 100 MEH K A5
SESORKE

2 BRESW

Vi mtDNA &K% 17 717 bp, 3% 13 MEH
mBEE, 22 1 (RNA 2EFH, 2 1 RNA EHEFidE
mEX (EFEEHX), 28— RNAMERER,
Bk A2 R RAFIE 21X GenBank, HER5
S AY158705, FEMENEERAREAISE
HMPELEER, HPBRT A 34 (RNA R
(tRNA™", {RNAP© FI {(RNAL(CUN)) % i B HE 4P,
EHRFIYPRITE R R ES — R NDS
3R FL A — 4 (RNAMSE R D,

PR R 6 Fh BT M 2% LA B R 40 254
HERTUES, BEEMEEREIMERENEE
JuB . RETHS /DR, KRAEW TSR 22 4~ R-
NA ZEEMEFIGT 5 KEZHERNY—H, BE
EEBEHRE, WER Y F SN BEBEEN R-
NAT {RNAP©F] tRNAL(CUN BB B4 TEHE, I
HEBA ] (RNAPRH i, HARE (RNALuCUN)
HEEMEARRMS, &5 6 F A RNA™/R-
NAP©ARNALU(CUN) nRNAPRe  fi BB BE i 24 (R-
NALea(CUN) / {RNATr /tRNAP/tRNAPhe

AN ala MR SMAalEN I (AR
EEHE ST ERINERERE, SMENEES R
Zardoya et al, 1998), 22 4~ tRNA #H 2 F 5|4 3F
HELWIEEEL 682 M &, KPR AN
12324, RARGRAER 970 1, 24 s /i
B 2:1 IAUERS (R#EFES HMREAH R-
NA EE WG R), MP W X RHIABFAL B R
B, FHEREMEIEE MEKBEXR GET
5% A5 SMHE T, B 1A), ML (HKY85 %)
SHEUEERN B5 FE (86%) XRHXANEiE
(B 1B), XM GRGHEBBE (ATR) BHF
JEH), 5 Bolt (1991) AEEE¥ XM LIREMER
RN ER IR BE L R B A — B, BRI
SMTER BRI (RNA B H B RA EF S48 T

RGEEMRMTH (Hedges et al, 1990; Hay et al,
1995; Feller & Hedges, 1998), F4t, AR EKH
B S /DRI R RAE—E (MP A1 ML 205
K 68%F 56%), B KB BREKIEXR (B
1), X—FRAE—<cBELRMTHEREPNE
B, SRR AR AL = HE MR R,

3 3 #

MERALN 3 NEREREXRDARRASR
—BE W (Carroll et al, 1999), & EHEZHNRE
WRENATLSFIERM L, FRAERRFEL
INEEHERES 00 BHFE) BRER, 3F
BEXREMAERE NHEKBXR, MAFEIEE
(E&MBYE) (Laurin & Reisz, 1997), SR, B4E
MRBLER VR RAEGFANEREB SARBEEN
REREXRFZ—EHFES WOUREELIFFIIHM
FEAZAHT, Javik (1980) EHKMUESM LR
BIE, ANYEREHILBEEE (Porolepiform, —7Fi
KAMREERA) Bk, WER BHNNS %
125 (Osteolepiform, B —F K4 M REE ) W
Ao 18 Jarvik (1980) F ¥ HEE BI%E H iR R,
HEFHEHEEE SRlE R4 2 BENZRA R E
KHRo Reig (1964) tHIANEREHN (Lissamphibi-
a) AE—TBERBHBREBIEEMLEETH
AFEARM MR, SEE 58%KE (M-
crosauria, —Fp RAMFTHEMFER) BERE XK,
7 — B Carroll MM ZHR A, A B
HMAEREBARFENREREXR, MK ERE
(Carroll & Holmes, 1980; Carroll, 1988), fR#EiX
M, TERETHEMEHE (Temnospondyl) Fiif
BT (Carroll, 1988), FIMEKE H FHRAM
FRESEEHARENREREXRR, BHBIF
BILA%¥ (Bolt, 1991) F4rF (Feller & Hedges,
1998) REKEMRNZHF, KRB SEHEEET
HIARBERRIFEAESFMTRHER

Feller & Hedges (1998) & H 125 F1 16§
rRNA ZE 2R THELIANE (391 H,
I ZHINRGEREXRR, EGRIFERES
W95 H AR BEL R Zardoya & Meyer (2000) #
JHAE B TR A0 B 51 2Rk 2 3 R 4 0 2 1 B
HEEM RNA EH, 565 HMEEIVOEE, 4
e R (MP: 66% fi 82%; NJ: 72% H
86% ;ML:95%F188% )X #F L H 5|45 H B
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that combines all 22 mitochondrial tRNA genes
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T 22 4 (RNA BHEEFF] & HEE MR R R K LKL R
Phylogenetic position of the amphibian based on a tRNA data set

ML BRI FE 1 000 puzzling steps ZE0f b o R IHFBEXMERELNAKBEXEZURIERAL R

The data set was subjected to MP (A} and ML (B) analyses. Teleosts were used as outgroup taxa. MP topologies
represent 50% majority rule bootstrap consensus trees based on 100 pseudoreplications. Support shown for the ML
tree is based on 1 000 puzzling steps. This data set strongly favors a caecilian + urodeles, i.e., monophyly of

living amphibians .

B—X (BBEAEERBESS5H), ARENER
#, [N AP RNA 2RI 8ER s
MRKKXR, MP LR IFAHFRAENLR
(710%), TEASHEHNMEKEXR, HEAS
SEFELH (54%), Zardoya & Meyer (2001)
FEBIE 15 B/ BRIB AN B We sl M ZoR iR & BN ) 2

B, SERMERDY (EEIY), UiiAFm
BBl g, SRRUEARDERE. RNA A
RNA EEA S HEE - IR ERENER
HoviRtkEE, TiHEFERE, AWML IRRE, B
RULEREE—EMAEE: 8%, XEBRA
FEYREEHE— R, TMAEWRIEN 2RI ERE
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R (Feller & Hedges, 1998), WA &EFY;
HK, HERIMERG— (Feller & Hedges, 1998,
JEBFNY); Zardoya & Meyer, 2000, g 9 FEE-H
f1; Zardoya & Meyer, 2001, {fifi £ %1 fs B f0);
FB=, SHEANMERIUBERAR (Feller &
Hedges, 1998, % 1% & B MU R; Zadoya &
Meyer, 2000, HMERAEZMR); EW, BWE
F L /B b B DA (A —3 (Zardoya & Mey-
er, 2001, >4 1:1; Zardoya & Meyer, 2000, tRNA
FIrRNA 230502 3:1 F12:1), @B RAIEES5H
fl BIRGESE A L3 52 B (RNA HT RNA B3 /U LL
KYTHIH 2:1 M 11,

SR PR R 2 B2 R HEFIR R 7T LASRAE PG
HAMEGEEAERFZNEERSB (Macey et al,
1997), HHESHPEREEEEHMN RS RAE,
BREYEHL N, WREBLHARE, BIKE
] A A DR HER 45 [ B0 5 R P 73 Bk 5 3 7=
ARAYAA R, HEA LR A EEEES T
R HER A LR M (Boore & Brown, 1994)
RATBIL DR 22 4~ (RNA EEH 2 F 54 H 5k
MRIEFELENRERERR, GREUAEH
TSR H KB R, MHFRTEH. EREE
5 E BOIN S W 61 A0 B B BET AL B KBLR P IR
/NRUER ZRBL A R A A SR A R EEH,
EUHRHSEEEREBERRERR; X
ik, RBEEELRRI{A (RNA EEFEHMKR, HH
# BEHER) (RNA ZHER N RNA™, (RNAPFH R-
NALew(CUN) - g bt BUAE TG R EH P 4 b (8] 49 43 {72
BERK, RrIAFLEBTEMHEHLLE DA
BERHI, FHIk B8, HTFENAR
SIS, & TX—-RBERREML (FEH),
RURIAEMELRPULREMERL, SRR
WU, F2dE g — s (e EEEH)

BRFIFABA LR A (RNA F G H B
HAEMMERNREXRR, IFEEEMAERENE
KREEXR, BRENSERAREARRNATS
{EAXT EAK, MP # ML ®{L% 54% Hl 56% . 5
Sh, FEALEL. KA S RDNRESIRETHE
HE) /MR, REEsA Angss, B 1 haUE
H, MBI SBRENAELNREXR, ARE
ML B SE R E TR, BTFNHE 7 1M EY
MEEFT, FEBERBRE R/, EHt, £F
BHE—PHMEIRR D BRI, UEE—

PHERAEHERNRGERERR,

BAPEEAEREHRBEEM RNA EH S
HEIERATERENRERERR, BEANEEE
SHAMBMAE B MEASBERNERER, &
MEMEHSBEEFAERZERAOSR, I
COI. COMAFEMAEF, M ATP8 K ND4 %2
RER, ANERBRKMNERERKXTHK
(Sumida et al, 2001), 5 5MEHBRE =fHH5 T8
AR EBRUAR, FFHRMREH A EN TR
AEmERERNEN. WS HARERERKA R
AR AR — M/ mi R S, DR R AL
1, EHRRESHBAERMER. ZREK RNA
RS BHETE 128 F1 16S RNA KRR XA 55 2Z 8]
EMBAFR M REZE (Zardoya & Meyer, 2000),
KRR F B rRNA $dE & 6t R AT RE & i
W=

TR kA (RNA BH i TH KBAHR BB H R
B, UR=MHBIK "HREH, HTH& RNAE
B, hfA RNA EEEEBENEMER (Sac-
cone et al, 1999), BRI/ HiHE R4 KB
Y, HEAHEIHAEMATER. LB IA DNA
I 4 5 RN B RERE X R R G K
A, BEHPEAHEEER D AR B E]
Bt 300 B AERNEIYLE, X8GERHTELRD
FEELL RNA EERBZEE S Z B REFRFE M,
XNTHREHTHYRRGE L, SRk RNA
HEd Z2dE4H A HK TR (Kumazawa & Nishida,
1993), —EL R {K (RNA HELWERITE. K
MR AR F A, WX R K 40 i R £ i
TR 100 A4, B HE5E (RNA BESHE I
Wtk iz (RNA BEEFIIME > T RER, "L
MRXEFHITHPVHRGE R LXK (Kumazawa
& Nishida, 1995).

WEBIIEN, 3 RA R FIBEE R TR
GRABEREBNRGERERRR, BHFEAH
RAE L (Russo et al, 1996; Zardoya & Meyer,
1996) . EASHITARX Btk #) (Heterogenous) %
i, MR LFE, BEAZRERAE BN
B, BEHRAERBRAEAEDHTZHEE
(Russo et al, 1996; Zardoya & Meyer, 1996), &
ARFI LR 2 HEE 751 43 L BN B 7] DL st
B RAEXRIAG, EIESR R EEFF
A BE AR R IR LA LR IR A9 R R IR IE
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