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The Molecular Phylogeny of Four Crocodilians Based on
the Sequence of Mitochondrial ND4 and Cyt b Gene
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Abstract; A portion of mitochondrial NDM and cytochrome b gene of 3 species of crocodilian was sequenced. Additional
homologous sequences of Afligator mississippinisis {rom GenBank were aligned together and compared with Chelonia
mydas, The phylogenetic trees were reconstructed with the neighbor — joining (N]) algorithm. Alligater sinensis is
more related to Afligator mississippinesis than others though the diversity of their mitochondrial ND4 gene reached
20.68% while Cyt b gene 14, 43%. It needs further study to determine the phylogenetic relationships of Alligator
sinensis and Alligator mississippinisis.
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ATAFNHFEI MEE 2 13)H%E
WA FEEARE G, BRILRAFRES . F—
WCRFHA BRI E 2 AN . XATE
HahE LA F —20°CIR R A 8 2 M4
2, U LK A7 S S B A 3y (D 4 A AR
MR A
1.2 DNA #E

BReETHMESHAHNAAH 0. 5z 4.
STE(10 mmol/L Tris— HCL., pH=28. 0:1 mol/L
EDTA.pH=28.0)1 ml, IBZEHK K 30 p1(10 mg/
ml)#1 8DS 150 pl(10 %) F 50°CKE 6 Aef, #HE
HEEEREES, KA L DNA, HEBILA o
2g F L.5ml B . ALK 8% 24h (EIR#
Ky EEERFEEBBE DNA,

1.3 PCRE|MEYMERF&

NDAEHE A B PCRHMSIMAEATRERE
Arévalo S50 66 B 9% BF 8t H 85 ND4 (5" TGACTAC-
CAAAAGCTCATGTAGAAGC 3')#1 LEU(5' TACT
TTTACTTGGATTTGACCCA ), PCR f4# 8% 30
pl B & @i (11003 l, Mg** (25 mmol/L)2
ul,dNTP (2 mmol/L)2pl, # 4% DNAL 5 pul, Tag
DNA BA®M 1U.3|¥& 1 ol MERH ddH20, 1§
F B AT :95C FAEHE 4 min,94°C 305.55°C 30s,
72°C 60s, Ft 30 JEF; B MG 72°C £ M
10min, M Cyt & 3t5H } Befr PCR 330 %38 F 5
¥ L14724 (5’ CGAGATCTGAAAACCATCGTTG 3"
M OHISMO (5 AAACTGCAGOOCCTCAGAATGATATTT-
GTCCTCA 3. PCR B9 Sk 30 pl, RFE &R
ND4 BHM PCR AR, BASED T 5THE
# 4 min,96°C 30s.54°C 30s,72°C 40s, 3t 30 P53
EWEERSTE T2°CHEMN 5 min.

1.4 FIMEMYBESNT

PCR =4 B WASTON 4 7 Gel Extraction
Kit #5i4k , 3% B Perkin Elmer 4> & # ABI Prism™
BigDye™ Terminator Cycle Sequencing Ready Re-
action Kit #7 I LI, 36 FIHE ABI 310 & 447
W, 4 78 9 FF 7 % ] GenBank w75 18 Y
FHRT R0 4 ND2 LB A Cyt b B AH B F R
Fi Clustal X1. 8 St frxf 2 Ak ). LI MEGA ¥

T RRE AR, FET Kimura S HE
By NJ B (Neighbor — joining ), U 8 ( Chelonia
mydas WWESMEE B LB G T RGH .
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2.1 ND4éfCytb BEHER
FERILB I 785 B8 HED # (GenBank

B 7B AF380944, AF380946, AF380945) ) mtD-
NA ND¢ BEFFIRBE 25124 706 bp,711 bp,710
bp» 4§ P 5 GenBank & $k# 1) 85 79 7O EL 82 &9 40 1
FEF) (GenBank B 52, Y13113) 3447 % 62 #E9) )5
BARIEFES 807 bp, Hh £ENM & 430 KB
EWP53.27%., B 1P HILE R miDNA ND4
BEEFFINMERRABEROEERERE 2.
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Table 1 Numbers of tranwitions/transvertions

{above didgonal)and percentage of difference
{ below diagonal} for four species of NIM gene sequences

OUTS 1 2 3 4

L& 79

(Alligator sinensis)

2. pa s

{Alligator mississi p pinensis)

LRER -
(Crocod ylus siamensis ) s2.19 375

98/48 1047122 987138
20.68 1227129 122/157
98/152

4. .
.8 . , 52
(Crocodylus porosis) 58.56 3946 40

mE 1 TR RNG TENEaEAELEY
BEESY 20 8%, BENBRRAERESH
EOSAGMERNBTESERNREES AN
40, 52% , BB RO B M RIS 3053 3 2 98 #0152,

M2 4N Cyt b EEP TR/ RN
(MM LI RERTHL(HAKT)
Table 2 Numbers of transitions/transvertions
{above diagonal} and percentage of difference
{ below diagonal) for Tour species of Cyt b gene sequences

oUTs 1 2 3 4

L.#&¥F83 ;
{Alligator sinensis) 43/15  50/56 53789
R 3idi:a ]

. 51/55 2/8
{Alligator missizsippinensis) 14.43 / 52/86

3. kEFN -
. 26,37 3/87
(Crocod ylus siamensis) 28.37 ?

1. %5
35, 4,33 34,83
(Crocodylus porosus) i3

LRAFFIH T 9. 5 il 5 83 (GenBank ¥ 7
-, AF306454 , AF306452, AF306453) B mDNA Cyt b
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HEFEFEVHE 4R % 424 bp.402 bp #1426 bp, HH
TE L AB AT 1 ) 5 34T 4 OLHER S 8 R M B )
402 bp, P £ AELE 75 4~ MBS BM 18. 6624,
MR ZHH . mERAE FENEAA T
#2 mtDNA Cyt b BREMBEE RIL 14, 43% , kK
RS RES AR 43 15, SR AER
AR EERN M. 3N, RENERYE A

W9l 53 #1087,
2.2 REREHWT
MTERSBRNEEXEAREN, EREU

 EF M ND4 EEFA R R SRR, R

Cheinia mydas (GenBank B F 5, AB012104)1 3%
S EFRFAERESFRGFR T ERFST A
AN BERERME L.
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Aliigator mississippinensis
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216

Gocoa:vtus siamensis

030
L -m
106 Chelnia mydas
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Bl ETMEHRNNGE Kinors SMNKT,
AN R EmNE Ny RERS FREN
Fig.1 Phylogenetic tree inferred from partial mitochondrial NIM gene seqoences of
4 crocodilises and 1 ontgroups using NJ method with Kimura 2— parameter distance,
Branche lengthe were above branches Bootstrap values derived from 1000 replication were indicated under branches,

RE Cyr b HEAFALLRE NDL EEHA Cyt b
EARMESERNBNEEN(THRABRMS
NDt BEWERNRENEIEM. HFRATEA
ERE Y —F B NEAT R AN HEF
BSh AT LENERERE. EN5FA
MEARBE. BE=/FREMF, BEMIIIEK
FEER.
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Buffetaut IR T A T EH R & WO T W2
R AE AAREN = KB R A
W B A 7 140~150Ma SERT A9 B AL (Low-
er Cretaceous) B S0 5 H AL M S5 R 7+3E , TIS8L 5 By
HRAEHNNSBUNEFERS =0 Hi (4
65~53Ma DY, Bt WA HES X AH P
BivsH il TRENMOERE., BAXRNE
RENEHE BRTRANSSMETISHLERY
SEHE., SHEHERERAMNER. XHERA
EREATFEMHAETEERN., BHDRELE
ELsBrdgmtbFs . BhTHoRESHE
HEFANHHER RARL TR RSB
ez e, MEe—MepSEacHE
S EEACHH#LES. . EARB LIl ZNBEERE

DNA &, Hit, fiREwitbARTARD#ETR
FE kg RERNERENETRFTIRR
HERHFES, s RARAFETEERA
HERNER. XTHTFHEROYSEE, ANFE
HiFEPiE, HERE DNA-DNA HREMERD
NEFRRFARBFHSEANEBNXREESH
BEFRA#HEFRSHERRNENLE Mok
LR T L Lt TSR, BT IR
HEHHLELR FHA LS -ERB 2%~
BFRU, TREHE BRI MO % KR A 1
BEANAYURA L, A EARAZHLUESR
MM ERNEL, AR EAE T
ALZHA.BFRONEERTMNEE P HitdH
JEEMNEASREFEEIARTN, EE KN HE
AR XMt RRERF T AREY
#oHBHTRMEEG LS, BERXN NDY
EEM Cyt b BEAASFIRICHBHRERDPH T
BATET LSO RAY— X, MR T R85
XL R e85 %M —B . % Fauval ¥
BT ¥EE RN Alligator sinensis, 3 S HETEH H#2
3% - M B Deraniyagala N {5 FH3 58114
FBRAE L 774 10 MR{URRAE , 5 9 P Y Lo 02
WerHANSE BRI HELFRR IS8
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(Caigator)™, BREMELRR THTFE . EHHELL
B AL AR B MERS (Osteolaemus tetraspis ) B 75 88
R EREMES, ARG FE S EVE LER M
WEEsEmt . HAEHE T HTFBREEREL,
MHEEE SR ERT IR TSR AWM,
MAERSHEBEAKZERLHETALENTREAR
B USROS LS TBEERE T
BREE—EMERYY. REeKkaRRFH TR
EEmp s RakOBRIELME L, EHME
REZEFHETEER, K, Densmore A
Wt ENEEEERARARTFERRG LRI
X TR TS Y LS R 35 BRI, (B A AR R B A
B F RS (A B A A U S RUR R B
EEAAFASERRBEEN—F ENZRERFE
EHRApBEER . MREFRXHPFRSE, L
Rk 125 'DNA X EFFIMERH RER 5. 5F
EMFEEELERNRRLERRE. IMHFRETF
HFENERAIXESREE A0¥ . HEWE. R
E¥ERAFEYFSHRE RN rhZ A Rk M
fLREH L NERD, HFRSERE BN
mtDNA ND4 EEB %2R % 20. 682, M H 2
REGEFESHERAMNBBEERY 40.52%, 8 F
BEBEALEAN Cyt s BEBERRY 14,
3%, APRSEIEY 34 83%, TRABFKESN
ERRAERLTH THTHSEAREBRAMNZR.
BARMEEN AN SR BT E A A LGN
mtDNA NDf BEFF Cyt b HEMEE R IHFRLBR
mERAFE. TE 125 DNA BEKHE . AR
EERN 12.12%, AR AT 5EH T (Crocody-
lusacutus) A1 ER K 5. 2%. EETF 12. 12X HER
%, TR B2 5 S0 TR IR £ 05 R R0 B
HERN 12,264, 5H FHENEGELEHMELE
BEREY, BREEEI NG TBMEEN LEM 128
DNA HEMEEFHAM , HRARERHY 2R RN
FAR A E 7 0T R o Es % R R g E S,
AR EEERRFMERNE —-ERHLERER
Fig. BEfSFREEENRSTRIIHETHED,
BRI RSB RASEEYFNGESAH.LEBE
HHERER,

SR REHFEANFAMLBRAEES
FHEEER,HW NDt EEFFH Cyt b & FH
MFRERMT, EHAANBLATFEOERX

ARE:MHEMNBEEECTILRTR—SEH
PN B L il Y 8 288 M 4 A F 8 A TE A 34
BES. BETFESLRVHERAREEEHT
DFEREEHANE - S HTA UKL &
MEEEiER.
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