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TRETEEREMIX 14T H5 8 T. shanjing T 7. verrucosus £ 40 R4 RIZ8HE DNA Cot 6 EF (753 bp o
SRR (1) AAERE . BRRESEMNIMINES s MERLT HTEL N ERERBREMERRELTHY
INEM A LT T shanjing BB EH; (2) T shanjing T T verrucsus B miDNA Cyt & FFl 2 K FHEM N
1.2% ., REBMFARF, B, 28 7. shanjing HRAERETE— 85, B T verrucosus , HILEF T shanjing #
VIR HLAL, T shanjing T . verrucosus WM R4, HEBWKE T verrucosus BIHP B LU, WIEET 40 1
B8 Oyt b EEFIIM AR L EMMBEETER DRI, LIRS (7 verrucosus ) BEETEH 3 X, B
B P T e X AT R AT S e R T IR TP RERA AR 3 R .
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The Validity of Red Knobby Newt ( Tylototriton shanjing )
Species Status Based on Mitochondrial Cyt » Gene

ZHANG Ming-wang®?, RAO Ding-gi*' *, YU Guo-hua®, YANG Jun-xing** *

(1. Kunming Instinute of Zoology , the Chinese Academy of Sciences , Kunming 6350223, China;
2. Graduate School of the Chinese Academy of Sciences, Beijfing 100049, China )

Abstract: The delimitation between Tylototriton shanjing and 7T'.verrucosus was not clear. Forty individuals of
T . verrucosus and T . shanjing were collected from fourteen localities in Southwest China and 753 bp of partial mitochondri-
al Cyt & gene sequence were sequenced. Molecular phylogenetic trees of T'. verrucesus group were reconstructed using
neighbor-joining, maximum parsimony and Bayesian inference methods. Pairwise sequence comparisons to determine the
amount of variation were performed using MEGA 3_0 software. According to the results of phylogeny analysis and Kimura
2-parameter distance, the species validities were evaluated . The results showed that: { 1) the 7. shanjing did not form a
monophyletic group; (2 ) the genetic distance was low between T shanjing and T verrucosus , it was only 1.2% on aver-
age . Therefore, T'.shanjing as a valid species is not supported and can be argned to be a synonym of T'. verrucosus . Ac-
cording to our phylogenetic tree, the genetic divergences and geographic distribution, T.verrucosus’ distribution in the
Yunnan Province can be divided into three geographic groups, i.e. the Pianma group, the Middle and West Yunnan group
and the Southeast Yunnan group .

Key words: Red knobby newt { Tylotorriton shanjing ); Validity; Mitochondrial DNA; Cyt b gene; Taxonomic status
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A R AR, —MElTe R
&, H—FEE AR A6, miTE—
T & A F M Tylototriton shanjing « Zhao et al
(2000) B IATFENM L @ERE Tylowtriton
verrucosus B SCAFRBUN AR BPEAR, T4 55 I
PR S A8 B Y Tylototriton shanjing LA TN
pIEARS L7 [

TR ( Tylototriton verrucosus ) TE P EA{L 5}
WTF AR X, B 55 TH
B AR, difE. At MELEREE ( Tylororri-
ton shanjing ) TRF g hE. mE R E X .
BRI, ZLIEYEERA 2R b — B 7 A F I ( Nuss-
baum et al, 19955 Lu, 2001 ), Lu {2001 ) AZekifh
DNA [ 16StRNA- Cyt b 71 ND4 = 1EE W R E
FE25 1 300 bp HIFFVEREA 1 b EWRIER A R T
EREW, HPaiEosRka Tk e B ieiE
(T . verrncosus ) Tl ZmA TRIZLEIEN ( T . shanjing )
BT SR, MO TRELZFHRERNRE.
KPR R ERSTRTE R, UL sRs ok
FARE, BAIZEMEESREA 2.1%; 5B
I F i W2 R MEIE (T hweichowensis ), 5
ENZ BB R 5ERF T 5.9%H 5.5%.
P Lu (2001 ) AT RE2FERA LS
HEBE ( T.shanjing) HIFh e b, (HE, A AR
BE MRS T RS, SR AT
FEFERL B IR S £ 5 B 2 T0 R 2 570k 2 A £
5, BREVIE R (Zhou et al, 2003 ) 735,
TR AR RS E Rk T TERNER
RAVERE S, HAMFRA H B B RIRFE AT LA X 53
BA1 (Lu, 20010, B, GRMENZFETHE
AR ERTFTESERL. B AT, T.shanjing
T . verrucosus FITRELEERIFREABA R, X 7. shanji-
ng FWIMITA BOETIFREN, RELIEIR, #aiiE
TET EIE I, FLHEE e s Jr ik e R R A
WHRARAEY AR s I IE A XTEIEIEI (7. shanj-
ing ) MR R B — .

LR DNA BEREE, FHS TR/,
VELIHE TR (Brown, 1981 ) SFFIEMRE Z WA T
REUE TS, RS TR B Af b Oe R AR L
EFEVERUL, PO L RIZORLIA DNA B —1
WHEABRITTIRD: SOl DNA FRIZAE &
# b (eytochrome b, Cyt b ) BEFE B AEIE S,
— NN ER R R BoAT A MR R L ) T 2= 2R

8] IR AR (R B (Kocher et al, 19890, HI, Cyt
b AR R A BT SRRl R 5Tk H AR R A i
R LRz —, EREesi R Z N T
SRR RSB R P (Cao et al,
2002; Trwin et al, 1991; Wang et al, 1999; Zhou et
al, 2001; Helm-Bychowski et al, 1993 ). ZA3CMET
Sk B EVEE 14 UK 30 BEDEEE (T, shanjing )
1 PR BTN PR (7. verrucosus )
ZetriR DNA IR Cyt b 791, M TACHFRINRE
[lisfecf: A ERARE L7 il T . shanjing ) HsrE iy R H 5
PR (7 verrucosus ) FIRGHLER, LTER
FEZURIER (T shanjing ) BIA2EHA . [RET, 2230
it — B BT R E R R R R R R T R IR EE
W5 Y R B AL SR I, R EEERBTRL

1 #M¥EFE

1.1 HmAREN DNA 8

AU RS 43 MR, Hod 30 HAlgag
( T.shanjing . 1 RERBPEIE (T verrucosus ). 2 H 5t
PFEIE (T kweichowensis - 1 RITRIENR ( T, dalian-
gensis ) FIMERh. 390 HATRHEIE ( T, shanjing ) 1R
THEREMPAFERHE, EERILE 1 AE 1.
PR BE G R A B BRI, JHRTE FHREE R
99 9 FIERG ST A W T, —20°CKFE{RTE. BHIE
FEGH R DNA RBCE FARERE A5 K (4 g/
A0 I ( Sambrook et al, 1989 ).
1.2 DNA #i8. FINEMSH

T4 % miDNA Cyt b EFE PS40 MVZ15
( 5 GAACTAATGGCCCACACWWTACGNAA  37)
( Moritz et al, 1992 ) F1 MVZ16 { 5’ AAATAGGAAR-
TATCAYTCTGGTTTRAT 3’ ) ( Chan et al, 2001), &
HMTE T 43 FESE W Gyt b EEITFF). BTE PCR
P ERETE ABL 9700 BTN DA, RO BVE
FAR SO ul. FHRBFEM: 94CTHAEYE S min, 24
JEia AT & AT 35 MBI 95T AR E 25 s,
46CIB K 30 s, T2°CHEMH 60 55 Fe/57E 72°C HE{H 5
min. PCR Fo#i£t i @ik JS7E ABI 3730 A SA#H{Y
EEEHAT RN R, AR A B ERR

5% H DNASTARG. 0 B {48 BF #3451 )7
F); FFI XA CLUSTAL W {1.81 ) { Thompson
et al, 1997 ). FTATF LELARLE B M Z WLk res
%o FH DnaSP4.00 ( Rozas et al, 2003 ) #7178 {FH
434, R MEGA 3.0 ( Kumar et al, 2004 ) 1)
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Kimura EEEITBIR{E/RE .

F Mega 3.0 ( Kumar et al, 2004 ), 27T Kimura
MEHOEITRREIE SRR, B N S E RS
1EH s I PAUP™ 4.0b10 ( Swofford, 2002 ), R JH#
FA AP Maximum parsimony (MP) #; XN
B MP W 3T T B9 % ( bootstrap ) 3K
RESTCHWERFRE (EERED 1000). RHE
Modeltest 3.7 ( Posada & Crandall, 1998 ) A58 %K
TR 7F Modeliest 3.7 /=L R E H R
B HKY + Go M MiBayes3.1.2 { Ronquist &
Huelsenbeck, 2003 ) ¥ Bayes #, B HBIHI S5
WEAGRTRBMRENH =2 (nst=2); REMNA
[ 22 &2 camma 9340 ( rates = gamma Jo AT
MCMC B I21T 4 K S/RAT K4 ( Markov chains J,
DIFESLR AR GG, HRiE1T 1 T, & 100 U
T— M. RERFE 25000k (25%) &, #
HEATRE, FUIEHEREERME ( poster-
or probabilities ) B, 2B RITE 25% FIRHE,
WEF REAGE— S, G RETHIT,
WIRRGMP L RE LA L RAERIBE, #
Gk EF R (NJ, MP 1 Bayes ) ¥ DL & HUFE 85
( T . taliangensis ) 7l M FE MR (T . hweichowensis )
VE SRR HL

2 H# R

YTEREYE Cyt b BERFIIRER

P 43 TS Cyt b 2, BREFRAERD
A, IBEEZUTINE R 753 bpo KA IIMG
I 39 MELEHENR (7 shanjing ) A Cyr b BEFH
FA5 1 TREBFEE (7. verrucosus )~ 2 TS
HEL 1D REEER R A AR L, LRI ] 128 A AR
s, BB ERLEY 16.99%, Hd 70.39%%
SESEEE TS = m, B8 ERETRER
TR B A

FTA 43 1 miDNA Cyt b ZEEFIELT 24 4
FEAERY, Ho 1 MMZEBRIE (7. verrucosus ) 1 39
AELIEIEHE (7. shanjing ) FERE X T 21 T HAE
B (A—U) (R 1), 7524 PMEAER, 2B
R (AR L) MEAORR AR Z B AR,
BREFAR U . AE., Rk . =%
MARE (HSAFE) =, BB chREW
MG, Hp NS ur FEETRE G (R
1) FETH MEGA 3.0 T Kimura SEERITE

2.1

X 24 TMEEERIMEEESE (F2). TE KRS
MR EL RUELT 6.29—10.6%, TERF
P R &0 1.4%, SPASERE T kweichowensis
. taliangensis B9 ¥R AL IR Bl R 7.09% F0
9.8% ; AT Z1IE P 5 4h 28 0438 {4 15 33 Y0l 4b
FZ A 6.9%—9.8%, I EFTREN
1.4% o FEREPENR 5 T8 408 08 IR 1 (48] 1 oF £5 35
BN 1.2% (0.49%—2.6% ), THFSMEREIEE
BREHN9.5%—9.7%, 1 WA BEIEIE AT
PR SR R R (1.2% ) fm/hFRIFHN A
[ 477 i) ] 2= R
2.2 REEEXR

F&REEL (neighbor-joining, NJ ). HoA fay £k
(MP ) A ERRABIXT R 24 T AT ST R
GuEB T, FUMPEUER RRCE RAE AN, = F
SHTIBRIM RS E B MM Thas R B (F 2,
3)e MAFHRGEMPILDEE (B2, 3), PELE
PEAR (T.shanjing) WA —TEFR, MEME
BN (T . verrucosus ) LM —T R, FF
BEMZFF (BPP = 1.00, PP =100, PP=100),

H1 FAMERELTARER
Fig. 1 Distribution range and sampling sites of
Tylototriton verrucosus in China
HEHEEN, EREEFNETEARERSIARACES. £
EHM=fAkdr. STAESFEANLE, BHELELE L
The Pianma mtDNA group is indicated with circles, the Southeast Yunnan
group is indicated with square and the Middle and West Yunnan one with

triangles . Figures indicate the sampling sites; refer to Table 1 for details.
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&1 HWAREEEM (A-YRARFEEFE ) BXE Cyt b FIIA GenBank F3]S
Tab. 1 Species and their localities in the present study { A-Y indicate different haplotype ) and
GenBank accession number for Cyt b sequences of each sample

ek bt R a5l HAER GenBank 52
Species name Specimen number Collection location Haplotype GenBank accession number
Jp-218 =M, &F (14) E EF627460
Pp-219 =M, &F (14) E EF627460
P-220 =M, &F (14) D EF627450
LC-228 =™, &F (13) F EF627461
LC-229 =™, &F (13) B EF627457
Le-231 =M, &F (13) B EF627457
ID-113 =M, "k (11) ] EF627465
ID-114 =M, "k (11) u EF627476
Jn-11s =M, Bk (11) u EF627476
¥I-351 =M, il (12) 1 EF627464
SB-235 =™, WA (10) u EF627476
SB-236 =M, W (10) u EF627476
DY-204 =M, XKk (o) M EF627468
DY-205 =/, KBk (9) u EF627476
DY-206 =/, KBk (9) u EF627476
YD-7 =M, KE (8 K EF627466
YD-8 =8, &g (8) Q EF627472
YD-111 =w, HE(8) K EF627466
Tylotowizon shanjing YD-112 =, AE (8) U EF627476
LK-143 =H, Al (7) S EF627474
LK-144 =H, WA (7) u EF627476
LILMC-256 =™, BB, A (5) A EF627454
LIMC-257 =™, BB, A (5) H EF627463
LL-264 =®, &, —BK (4) T EF627475
LL-265 =™, Bk, —BUk (4) u EF627476
LL-266 =™, Bk, —BUk (4) u EF627476
LL-267 =®, &, —BK (4) R EF627473
LL-268 =®, &, —BK (4) u EF627476
LL-269 =™, Bk, —BUk (4) 0 EF627470
LL-270 =®, &, —BK (4) R EF627473
LL-271 =®, &, —BK (4) R EF627473
LL-272 =™, Bk, —BUk (4) P EF627471
LL-273 oM. kB, —#ik (4) T EF627475
LL-274 =®, &, —BK (4) N EF627469
LL-275 =™, Bk, —BUk (4) 0 EF627470
TC-321 =M, B (3) G EF627462
PM-259 =™, 5, JE (1) C EF627458
PM-260 oM., B5, [H5 (1) C EF627458
PM-262 =™, 5 (2) C EF627458
T, verrucosus HS-356 =/, B, F#E (6) L EF627467
T hweichowensis I 7D-192 =T, PR v EF627453
T hueichowensis 2 ZD-105 =®, A W EF627456
1. daliangensis 5CXC-350 P, mE X EF627455

TS ARMBNS; 07 ¢ REMBEEZAER; 7 METAER, EFEREna i BILE L

Population codes given in the brackets; “U” M “C” indicate shared haplotype between different populations ; “7" indicate the locality of Liuku,

Yunnan, where the specimen was bought, but the collection locality is unknown; refer to Fig. 1. for details.

FrE RSN SN PRI R GO AR e 2 T BT
Bayes 380502 (H 2), 21 MEMERIREK 3
5332, HA, Cladel HAERFREEH#E (Southeast Yunnan
group ) X EH B S FHEETFEAHR: Clade2
h 5E# (Pianma group ) BIE T B B4 E
A5 Clade3 IHHEPEERE (Middle and West Yun-
nan group) WG, R WL Rk, KE.

el BENIRIZSEE (Hb S ATE ) &% K. 7 Mp
i (& 3), BB P IR AN E JR e R Al B 3R
Pt KRB 3 0, (B 3 Mrsi 2 mR 3%
FNEBERSE., B, ZA0ED Cladel BRER
BEA Clade2 H B BEVE =R T kb 975 8| T
REmesese (A2, 3), 28, Clade3 HPEEE
FRL SRR X3, FE= 1A ZEMER
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Fig. 2 Bayes tree for the haplotypes of mtDNA Cyt & gene
in the present study

B DRI A AR AN N SRR AR AR,
FEERERZE 1,

The values on the branch indicated the BPP and bootstrap support for
NJ; capital letters indicate the haplotypes, the abbreviation is de-
tailed in Table 1.

FIEE R, F MEGA 3.0 BT E =4 Clade 28]
FRE 418 5 B85 B4 Cladel/Clade? = 2.7% ., Cladel/
Clade3 = 2.39% 1 Clade2/Clade3 = 2.0%; R &4+
2 PBRAS [T B 2R R AR BT 1% .

3 1 i

AR oy b AUCARR AR AR ST R R A
BRI ARE AN TR —, FHEERNFIN
L RYWTZ R TN 2R F (Bradley
& Baker, 20015 Li et al, 2006 )o KB eyt b
EEMEEN, MAMEEITEZR —ME 0%—
4.06%218], #3169 -4 B B8 B ) F ek
e o1k (Yang et al, 20015 Yang et al, 2002;
Wang et al, 2004 ). TEBRIER S o, Tl et
K DNA IS 257 —REA7E 8.19%—15.8% 2 A,
MAHAZERE3. 5% T (Chan et al, 2001 ). A3C
i 5 AR T . taliangensis T . hweichowensis B
WAL RN T ILE, TR, BRI
BIEZ BIFIREZ R (0.4—2.6% ) /D TH
SRR FE (9.59—9.7% ), WM/ FiX

B e |
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k 1=eutheast Yunnan gremp|
—FK
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Fig. 3 MP tree for the haplotypes of mtDNA Cyt & gene in
the present study

T DT RSEE, FRARAAE, FEBRELE L.
The values on the branch indicated that the bootstrap support for MP;
capital letters indicate the haplotypes, the abbreviation is detailed in
Table 1.

P o> 5 5 AN ERER AR R (6.2%—10.6% ).
FHit, M mDNA Cyt b P 2R, TRHLBEES
TR TEUR B Y DNA 2R [H (0.4%—2.6% ) 4%
MNZESFTEEN. A, 7E3TAF FIESET 4098
PEUE ( 7. shanjing ) TIGEIEIR ( T, verrucosus ) 22
BRI BAFNER, LRI S5 RBIRE L b
RIKBIRPH K. T RG AT it — A 20,
ILFFHELIERIE (T shanjing ) WIFERYE, HMH
Z IR BRSO A ] B BN TS AN RN R R R
B, PEA TR, A SCERIF] Ly (2001)
WRER -, B, BB (7 verrucosus )
HELREIR (T, shanjing ) PIESZ R FERWE
ERENER (FRREEEE/, B aAt
SHEMT; MALEFERERIR B R, It K o+ 8
%) (Lu, 2001), BANERA HE RERHER LA X
SENT. LR, FEEEMSTREHIZE
WRZHE T verrucosus T . shanjing R 18— H1H.
T verrucosus (1871 ) BIERRT T shanjing {1995 ),
HRERa AR, EERAAGE, B 7. shani-
ng KT . verrucosus WIRI W 4. B4, Xl +
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T . verrucosus W 304 A1 P 0F B T2 28 7808, Fr
L, ATEBUKE T . verrucosus FIH SR EVETEIR,

sk, WASCHRREATREERE, oA TP E
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