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Intraspecific Diversity of Korean Takydromus wolteri
(Reptilia: Squamata) Based on Randomly Amplified
Polymorphic DNA (RAPD) Analysis
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Department of Biology, Kyonggi University, Suwon 443-760, Korea

Abstract - The lacertid lizard Takydromus wolteri widely distributed in South Korea,
but intraspecific diversity of this species was not almost studied. T. wolteri repre-
sented by 8 specimens collected from 5 localities were analyzed by the Randomly
Amplified Polymorphic DNA (RAPD) method with 28 random decamer primers and the
phenogram constructed by using the Unweighted Pair Group Method with Arithmetic
Mean (UPGMA) method based on RAPD data. The populations of T. wolteri using in this
paper were collected from Gyeonggi-do, Chungcheongbuk-do, Jeju-do, Jeollanam-do
and Gyeongsangnam-do in South Korea. Among 68 different bands detected in RAPD
analysis, 39 bands (87%) showed polymorphism. The phenogram showed that the
populations of T. wolteri were grouped into two. These results suggest that T. wolteri
were supported intraspecific diversity.
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£ 6%, & ZHARAW & (Genus Eremias)?] ZHAZ]
W (Eremias argus) 2 AW} 4 (Genus Takydromus)2]
AR ¥l (Takydromus auroralis), 27X ¥ (T. wolteri), o}
Z-2 AR (T, amurensis), ST AAW(T. tachydromoi-
des oldi) 18]1 WA MN(T. kwangakuensis)o] A1A]
S5 3l o) 3 FHANE T TR, P2
e A FRE duleslx] Ex3ta 5, AR,
FopdA e AR - 3= T{-Fo|ch Tt o] Ee
A3 BFEA EAAe] A AT glom, FE3le) 7t

Mo B

29} 3} (Reptilia: Squamata)®] ZR]¥8 2= (Takydro-
mus)Z FEtAlot Y okzZel7t X Aol Ao YiRRo] £
A s, 204 15009 Fo] BE3lE Aoz g3 9lon,
EolAlo} x| Hqe] ¢F 16F o] E£3} 77 ¢} (Arnold 1997;
Lin et al. 2002; Ota et al. 2002).

gt xo] B2 3= AR 7} (Family Lacertidae)= 2

(o] S x H = 1 3 . 5
* Corresponding author: Kyu-Hoi Chung, Tel : 031-249-9641, 44 5“)\45 = ‘—-S}‘}“ E’]o'] 9\17‘] ot} (Dot 1920; Doi
Fax : 031-251-4721, e-mail : gusidai@empal.com 1929; Shannon 1956; Walley 1958a, b; 7t3 & 1975;

— 295 —



296 Min—-Ho Chang, Jae-Young Song and Kyu-Hoi Chung

Arnold 1997; Hikida 2002).

Al 9252 o F A= Straucho) )3 332, Ste-
jneger: TFA] 1158 F7)8le] 1458 B 3} glom,
Shannon 5l 98] 712l B3} )8t} (Stejneger
1907; Shannon 1956). 3-=AF W FHel| o3l QA=
Paik et al. (1979), Paik et al. (1990), Paik et al. (1992) %
of &six Fel A, A3}, FA1H AF7t olFe] A,
Paik and Yang (1986), Paik and Yang (1989) S 2]l
WFel U chepel AR A7t ool ek BIA
A=) dl Bl 3t = Doi (1920, 1929), Walley (1958a,
b, 1962), 733} §(1975), W=} 41(1999) 18]35 Al (2001)
o) o|3ted ojFojA 1, =3}t dt} 4(1998)7} Shim and
Lee (2003) 5ol 23t} gAife] ¥axe] oz A7}
FREH . AT, 2] Ay dF-Ee] £
vls 52 MARe E £ HelA e 2 e
o2 AW 9)F=2 3P| Fi(Walley 1958a,
1962), gh=AF EAA el gt W ek d7e A9
A58 Aol

PCR9] 3 H33]e]e]l Randomly Amplified Polymor-
phic DNA (RAPD): primerE |23} DNA fingerp-
rints& v}eh)m, A2 k2] DNA(0.5~50.0ng)2. 43
of Fhssta, WA SA9LE ASSA e Aol
olch. WA RAPDE: 72, 24U Bfet A5l o
g BN Ho 2olx rH(Griffin and Griffin 1994;
Ryabinina et al. 1998).

g B A7 £ 9 ANT Aele] f11 Rl @

F A o} 45)% RAPD W& ol83te] ks el 27
o) Ao et Aol @ FAWAE ol A S,

ME o Uy

1. 4348

£ Q7o) A9 AL 3 SAAGA ADE A
ssigom, A4 F E At A|Htm 4o A7
Al (Kyonggi University, Ecological Lab.; KUEL) Wil A
95% ethanolol] B #3}¢dc}(Table 1).

2. DNA 3%

A% AANN DNAR 27 $lefe] mele) zAe
A&st & —70°CZE 1A7HEQr Y=x2)8 3 E-Tube
o) &7} &, 500 uL extraction buffer [150 mM NaCl, 10
mM Tris-HCl (pH 8.0), 10 mM EDTA, 1% sodium dode-
ojgstd =A% £

cyl sulfate] 2 ¥ 1 homogenizerZ

Table 1. Materials and collection data of Takydromus
which were used in this study

Species Locality Abbreviation

Sunghae-ri, Anjung-eup,
Pyongtaek~si, Gyeonggi-do GG1, GG2

Hwayang-ri, Chungchun-myeon,
Goesan-gun Chungcheongbuk-do CB1, CB2

Bongsung-ri, Aeweol -eup, JJ1

T. wolteri  Bukjeju—si, Jeju—do

Nanjeon-ri, Samho-myeon, JN
Yeongam-gun, Jeollanam-do

Sunheul-ri, Jocheon-eup, JJ2
Jeju—si, Jeju—do

Naengjung—ri, Jiphyeon-myeon, GN

Jinju-si, Gyeongsangnam-do

3)3lg) o™, proteinase K¢} phenolg o] 83l DNAS
22)3}¢lv} (Sambrook and Rusell 2001).

3. RAPD 24

ZAAWh el RAPDEAS 938}e] Polymerase Chain
Reaction (PCR)H & o]-&-3lg o, z}zte] %Al temp-
late DNA (50 ng pL™1) 1L, dNTP (2.5 mM) 1 ul, Taqg
polymerase (5 Unit pL~!) 1 uL, PCR buffer 2.5
L (GeneClone Co., Korea), U.B.C primer (100 pmole) 1
uLE 3lglown, Z2F4E 175 uLA sl & volumes:
25 ul.2 3o} PCRE & 45cycled Aldislgd o, 7zt
cycle2 denaturation 94°C, 1+ annealing 38°C, 22
polymerization 72°C, 1-20 2 3}3, F7}3 0= initial
denaturation® 94°CeljA} 3%, final extentionS 72°Col
A 53851t AAIEsIch

."‘

FaBA 24

A7) %4 Esled 27/1E DNA fragment®] 2z} band
£ 3t A=z FHFste, bandZt vERSE A2 U,
thix ghe AL Coz B oF Fal 7oA
AA OTUe)] w3t =z g 2A3)e] o, Nei’s (1972)
genetic distance2.A] B]-G-AlE 2|4~ PEHE ALSslT)
Phenogram-2- PAUP* 4.0b8 (Swofford 2002)2] Unwei-
ghted Pair Group Method with Arithmetic Mean (UPG-
MA)o 7 BAFc

2o o nH

2 A3 e F 287]9 U.B.C random decamer pr-
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Table 2. The list of random decamer primer used of the

RAPD
. Sequence G-+C content

U.B.C primer (5/q—> 3 %)

4 cctgggctta 60

125 geggttgagg 70

127 atctggeage 60

129 geggtatagt 50

133 ggaaacctct 50

135 aagatgcgag 50

141 atectgtteg 50

142 atetgttegg 50

150 gaaggctetg 70

174 aacgggeage 70

175 ggtgetgat 50

181 atgacgacgg 60

190 agaatcegee 60

191 cgatggettt 60

193 tgetggettt 50

194 aggacgtgee 70

198 geaggactge 70
imer (-4, -121, —125, —127, -129, —133, —134, - 135,
—140, —141, —-142, —-143, —-144, —-150, —-161, -172, —
174, -175, —181, —183, —186, —187, —190, —191 -193,

-194, -197, -198)% Ag3lglod, 1 F f9Ale] <l
= 17749 primer (-4, —125, —127, —129, —133, —135,
—141, —142, —150, —174, —175, —181, —190, -191 —
193, —194, —198)F |83} M3} vk (Table 2). 1 Z
I % 68702] bandE #F ¥ 4 UKL °] F F 87%
el 5971€] polymorphisme¢] #<l%|¢lt}(Table 3). Band
o] fi-7l et 2A3E 7)1 2w PP == PAUPH
4.0b8 (Swofford 2002)-& o|£-3}e] Nei’s (1972) genetic
distance® °] &3 Atz A5 FAL AP T,
UPGMA phenogram-%- 2+A3519] o).

Al2-% primer®] G+C content®= 50% (-129, —133,
—135, 141, —142, -175, —193)3] #e] T7H, 60% (-4,
~-127, -181, -190, —191)3] #°] 570, 70% (125, —
150, —174, —194, —198)Q) 7l o] 57/}

RAPD EAo|A AW QA7 A= A=
0.020° 4] 0.139 (3 0.075) 0.2 FIF 9w, GG17}
GG2E 0.045, JJ13} JJ2% 0.036, CB13}+ CB2: 0.041
o2 yeht Azbe] AeolBet At A zpol7t A
< A& o4 4 slsich(Table 4).

UPGMA ¥ & 324l ZA F ] Gr-
oup, & GGI1, GG2, CB1, CB2, JN ©] Group 1& o]F9]
o JJ1, JJ2, GNo] Group 2& o]F¢ v} (Fig. 1). ¢]¥
2] Adzke] fAAQ zpol= A=A A=l ¢ 44
g FA7E Sl Hle= 34 Aot Group 19X, FAH=

Table 3. Distribution of RAPD depend on primer

U.B.C primer Number Numbe;r of
of total bands polymorphic bands
4 4 4(100)*
125 9 7(78)
127 3 3(100)
129 2 2(100)
133 4 3(75)
135 5 5(100)
141 6 6(100)
142 1 1(100)
150 7 4(57)
174 2 2(100)
175 3 2(67)
181 4 4(100)
190 4 4(100)
191 4 4(100)
193 5 3(60)
194 3 3(100)
198 2 2(100)
Total 68 59 (87)

* Percentage of polymorphic bands from total bands.

Table 4. Genetic dissmilarity matrix calculated by Nei’s
(1972) genetic distance based on RAPD for T.
woltert

GGl GG2 CB1 JJ1 JN JJ2

cGl -

CG2 0.045 -

CB1 0.068 0.058 -

JJ1 0.099 0.079 0.106 -

JN 0.096 0.079 0.043 0.074 -

JJ2 0.107 0.087 0.096 0.036 0.057 —

CB2 0.072 0.070 0.041 0.072 0.020 0.055 -

GN 0.139 0.094 0.131 0.085 0.066 0.070 0.064 -

% Find the abbreviation in Table 1.

CB2 GN

=)

o
ﬁ%%m

Aelder A7 = AH3 Z1gAT, FAEE A
71= Al s Aehds At Aoz o
$ASH Uebdeh ol $4H Aolg Holx
Aein ol o A2H ez PR Aol
2A%E Aelelx Aade] ZANA F Aol ¥z
se BN A THE WS, Y%
Aebde A Aol Aok TdsIol £
< AT @A oA, o5 AHeAM EAA o
B 7 BT 4 2lE Ae= FAHH, 2299
AW 348 olF Aow YA 2PN o] A
Yol B2l A 1e]lF 3% (R. nigromaculata, R. por-
osa brevipoda and R. poreosa porosa)®] 73-9= Ab, 3}

T
o} (Matsui 1996).
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I— GGl
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CB1 | Group 1
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Fig. 1. A phenogram by UPGMA method of the popu-
lation of T. wolteri.

Group 204, AF=E o 200903 Aol A4 Ao
2 4eix gler(Kazuo 1990), A|F 57} Fhit== RE
225 AL oF 19hd ARE 29k Aol X F2] Bgol
Sodrks B3 gloh(Park 1988). x| F9 E<po] A
7] AR ZH719 W71E o8] 28 AAEA AR
s Wk AT 5] A=A A7t A7)
ot AF=e WHe] d2HNE W EFAWe] =}
FEA AF AF=E AG7HA] o)A, o F 1)
AW o] FolAHAM AFEE Aoz At
Hol AF= A 534 24 HANE Aolx,
Al 9717 edM AEA Aelr) glelA Al st
o] 5o} 7hsdl A& Aoz FAHAG o|9) 22 B W
whE-oz AFwel shwe] FR X Ate]d] {AH
F57) o]FFe Ae=w HAukgt) ol9} W]} BE
SFANS. A5 2 (Hynobius quelpaertensis)o] AFE
iz G AR Adeln ANsm e A QAR
(¢} % 2001; Kim et al. 2003).

w3 AFE Aot AddE Aoz vyed, s
AR 717hgete] sleme] 23 AeA Az FAd

53], A= Ao #AA HolAX Nei’s (1972)
genetic distance®} phenogram$& E34 & 2| =gt
E 79 ol & Ho= et o) Algd @
olF9 dAFelM= AEA A=z AT A= AH9
E3A o] Jehtx et o]t €z, g4 oF F AN
= 949 s|Ehn] (Zacco platypus), VA 127] (Pungitius
sinensis), Qo] (Rhinogobius brunneus) 18] A=} 7
Z9] 9+=s0(Cobitis longicorpus) 4vA] 7% EA -4
Wt B AN & 4 G 55T LA 7
A% 7490l By ¥ u} glom(Yang and Min 1990;
Kim et al. 1991; Min and Young 1991; Kim and Yang
1996), FM 7 AN = o F} 722 AT 2
et gl

FM e S
rugosa)®] A%
¥ (Hynobiidae)®] 7-$-ol|&

AFEA ] s N F2] (Rana
Eo| (% % 200D)e] YepH, =%
RALGAR] 7R At

& 38 AdoM 9AH3] FEHI 2Y=FF (H
yangi)e] B3l HoHKim et al. 2003).

£ AT, RAPD ¥4 93] #e)d H=E %3
A9 Adzre) 9 welrt B g & & A
w3t A= ] w3 e, A 123 T8
AH A 5 5% FU1Hd A7 B2 Aelgx
Bebec

X 2

o

whE X Aol E4A W] MAFFIL AL, o] Fol
AE A7 AL AEE e o)t} k=] 53] (7]
=, FAEE, AFE, A=, Add=)e] g5at 2%
Aol 3] RAPD method& 53 W K44 zlols
Bl slgel. & 28709 primerE AMSIIAL, I F
o)A e} 9l 17719 primere]| W3t AF}= Nei's (1972)
genetic distance® %3 4373 Azl2} UPGMA 9y &
%3 phenogram$ 31t}

O A} & 68709 W=E el Y3, o] F 87%< 59
7M€ polymorphisme] &<l =gl o]& %3t phenog-
ramol A= GG1, GG2, CB1, CB2, JN¢|] Group 1& o]%

o, JJ1, JJ2, GNo| Group 25 o|Fqic}. 2AA| 2]
A% AR AE BH AR T Holrh AT
Roz *Yuc 83, Adds A f24 =4
o] F=X]xd), o] o2 EFT AF A FlA
= Vet gl gelA o1& Adol] gk e, Ay
A agla o8 $AR B4 58 53 FUHH 970

2% 7oty s}

U
-

AL AL

2 Q7 S glo) B AETH =ge F4 A7
sm AR oY A, A B4, 85 @

Sdell A ZPAk=IE

ZedA, §AW. 1975, FFSABSHA 179 FEH(HA -
7). EaH. 191pp.

W AR 8 1999, W, XA AL 197pp.

A TE 2001, F= F2 4 73 . 52 A4 280pp.

Fred, 3w, Blul%, MA}, 7hedal. 2001, 59 A F-



Intraspecific Diversity of Korean Takydromus wolteri 299

o}7Hdlu| A A, 187pp.

FAE, 0. 1998, Z(TPAhUAAN ] =/F F M,
&5 pp.111-117. 11%(8-18)2] A} d3t7. sk,

Arnold EN. 1997. Interrelationships and evolution of the
east Asian grass lizards, Takydromus (Squamata:
Lacertidae). Zool. J. Linn. Soc. 119:267-296.

Doi H. 1920. Takydromus kwangakuensis sp. nov. from
Korea. Chosen Tho. 1920:70-75.

Doi H. 1929. A new species of Takydromus from Corea. J.
Chosen Nat. His. Soc. 9:17-19.

Griffin HG and AG Griffin. 1994. PCR technology : current
innovations. CRC press. Florida.

Hikida T. 2002. Natural history of the reptiles. University
of Tokyo press. Tokyo.

Kazuo 0. 1990. The history of straits around the Japanese
islands in the Late-quaternary. Quaternary Res. 29:
193-208.

Kim JB, JM Kim and SY Yang. 1991. Geographic variation
of lamina circularis in Cobitis longicorpus (Pisces:
Cobitidae). Korea J. Zool. 34:103-109.

Kim JB, MS Min and M Matsui. 2003. A new species of
lentic breeding Korea salamander of the genus Hyno-
bius (Amphibia, Urodela). Zool. Sci. 20:1163-1169.

Kim JM and SY Yang. 1996. Systematic studies on the
freshwater goby, Rhinogobius species (Perciformes,
Gobiidae). II. Geographic distribution and taxonomic
status of three color types in the Rhinogobius brunneus
complex from South Korea. Korea Syst. Zool. 12:331-
347.

Lin SM, CA Chen and KY Lue. 2002. Molecular phylogeny
and biogeography of the grass lizards Genus Takydro-
mus (Reptilia: Lacertidae) of east asia. Mol. Phylogenet.
Evol. 22:276-288.

Matsui M. 1996. Natural history of the amphibian. Univer-
sity of Tokyo press. Tokyo.

Min MS and SY Yang. 1991. Systematic study on the gen-
us Zacco (Pisces, Cyprinidae). I. Genetic variation.
Korea J. Zool. 34:557-570.

Nei M. 1972. Genetic distance between populations. Amer.
Natur. 106:283-292.

Ota H. 2002 Phylogenetic relationships, taxonomy, charac-
ter evolution and biogeography of the lacertid lizards of
the genus Takydromus (Reptilia: Squamata): a mole-
cular perspective. Biol. J. Linn. Soc. 76:493-509.

Paik NK, YJ Kim and SY Yang. 1979. Biochemical varia-

tion and systematic status of the genus Agkistrodon

(Crotalidae) in Korea. Korean J. Zool. 22:153-163.

Paik NK and SY Yang. 1986. Taxonomic study on two sub-
species of European grass snake (Rhabdophis tigrina)
in Korea. Korean J. syst. Zool. 2:79-92.

Paik NK and SY Yang. 1989. Geographic variation and
interspecific hybridization between two species of the
genus Agkistrodon (Crotainae) in Korea. Korean J. syst.
Zool. 5:77-88.

Paik NK, HY Lee and EK Jung. 1990. Heteroplasmy in
mitochondrial DNA of Chinese viper, Agkistrodon bl-
omhoffii brevicaudus. Koran J. Genet. 12:331-336.

Paik NK, HY Lee, EK Jung and IS Kim. 1992. Genetic
differentiation of mitochondrial DNA in the genera,
Enhydris and Elaphe. Koran J. Genet. 14:89-98.

Park YA. 1988. Continental shelf sedmentation. pp.406-
426. In Geology of Korea (Lee D.S. eds) Kyohak-sa.
Seoul.

Ryabinina NL, VV Grechko and IS Darevskii. 1998. Poly-
morphism of RAPD Markers in lizard Populations of
Family Lacertidae. Russian J. Genet. 34:1415-1420.

Sambrook J and DW Rusell. 2001. Molecular cloning. Cold
spring harbor laboratory press. New York.

Shannon FA. 1956. The reptiles and amphibians of Korea.
Herpetologica 12:22-49,

Shim JH and SC Lee. 2003. Herpetofauna biodiversity and
ecological research at the Mt. Cheondeung, Chungju-
si. Korean J. Nat. Con. 1:81-93.

Stejneger L. 1907. Herpetology of Japan and adjacent
territory. U.S. Nat. Mus. 58:1-577.

Swoffrod DL. 2002. PAUP*: Phylogenetic analysis using
parsimony (*and other methods). V.4.0b8. Smithsonian
institution. Massachusetts.

Walley HD. 1958a. The status of Takydromus kwangak-
uensis. Copeia 1958:338-339.

Walley HD. 1958h. A new lacertid lizard from Korea. Her-
petologica 14:203-205.

Walley HD. 1962. The identity of Korea lizard, Takydrom-
us auroralis Doi. Herpetologica 18:215-216.

Yang SY and MS Min. 1990. Genetic variation and system-
atics of the sticklebacks (Pisces, Gasterosteidae) in
Korea. Korean J. Zool. 32:232-241.

Manuscript Received: March 10, 2004

Revision Accepted: May 23, 2004

Responsible Editorial Member: Myung Chan Gye
(Hanyang Univ.)



