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Genetic Diversity of Rana catesbeiana in Korea based on Mitochondrial
ND1/tRNA Sequence Analysis
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ABSTRACT: The American bullfrog, Rana catesbeiana was imported from Japan for farming for the human
consumption in 1970's and introduced populations were a great threat to native habitats in the pond and lake
ecosystem. However, it is thought that the population of bullfrog has rapidly declined for past years in Korea.
In this study, we investigated the intra-genetic diversity of R. catesbeiana habitated in Korea. The nucleotide
sequences of 1,215bp mitochondrial ND1ARNA region in bullfrogs sampled from 5 sites in Jeollanamdo were
analyzed and compared to the original sequence of R. catesbeiana reported in Genbank. The nuclectide
similarity between Korean and North American bulfrog was ranged from 98.7% to 100% based on
kimura-2-parameter distance. In addition, bullfrogs analyzed in this study were clustered into two groups with
one including Jangheung and the other including Gwangju populations in the neighbor-joining tree. North
American R. catesbeiana was grouped in Jangheung cluster, indicating that there is the very low genetic
difference between Korean and North American populations. The maximum parsimony tree in which North
American R. catesbeiana was set as an outgroup suggests that Jangheung group represents the introduced
population to Korea. Taken together, the results indicate that the population of R. catesbeiana in Korea has

not segregated geographically yet, after the introduction.
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Table 1. Standard for the degree representing the population density

Degree Population density (individual/20 m x 20 m)
1 : abundant >25
2 : medium 15~24
3 ¢ rare 5~14
4 . very rare <5

= SR erEI A28 A6 5

Zh 9% 270A) o) AR S FAvlTelE AP ol &
w7kR] —207C o] HA351 7, Z DNA sampleE- Slthe] ] 5
X 2.8.6)4] DNeasy Tissue Kit(Qiagen, USA)E o] &3} £
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{RNA fragmentE ZZ&}9ck 7} 7k primere 7]&ol] 239 R
catesheiana mitochondrial genome(Rana catesbeiana, NCBI Genbank
gi:336962; Nagae 1988; Yoneyama 1987)¢l] A 8ke] 2 2530
o] A}-2-3h primere] 97]4H- Table 201 FAISHATH

7+7}9] PCR 2L template DNA 10 L, forward primer <}
reverse primer< Z}Z} 1 #L(10 pM #L™"), 10X Taq PCR Buffer
T (with MgClL) 5 L, dNTP mixture (2.5 mM each) 1 #L, Taq
DNA polymerase (5 unit pL )05 4LE Y1, A7 SHFR
HE25] 50 u L& 23]tk Thermocycler® ©]8-3 PCR S&
£ 94 CoA 5 min7} preincubation 3+ F, 94Tl A] 45 sect
denaturation3}$3 2.9, 50°Co) A} 45 sec 7} primer annealing3}53Th.
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Z3agch B PCR o] B F agarose gel H71952
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uhH(Applied Biosystems Inc., USA) .2 dl&3te 453tk
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Table 2. Primer and product information for mtDNA NDI/tRNA

fragments
Primer Size Position in R. catesbeiana
(sequence)* (bp) mitochondriat geneome**

Gene amplification

(F)MB77  5'tggcagagcttggtiatgcaaaaga3’ 2669 *
(R)MB74  5'ggtatgageccgatagetta3’ e 3883 °
Internal. sequencing

(F)F23  S'ttgetgatggegtaaaal’ 2892 °
(F)F24  S'ttgctgaaactaaccga3’ $315°
(R)MB130 5'gaaatggyraargaagagagggtl’ 3227 °

* (F) forward, (R) reverse.
** Primer positions relative to published sequences of the bullfrog, R.
catesheiana are given. “Nagae, 1988; ’NCBI gene.
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Table 3 Locations of sampling and the numbers of the bullfrog found
on each site

5 . Population density Degree
rvey si
uvey sies (Individual /20mx20m)*  (Based on adult
Adult 0
Seoul not detected
Tadpole 0
v Adult 5.0
angpyoun, rare
gpyoung Tadpole 5.0
Adult 9.5
Gwangju rare
Tadpole 9.5
Adult 6.5
Nampyoun, rare
pyoune Tadpole 35
Adult 39.5
Goheung abundant
Tadpole 29.0
Adult 20.0 )
Youngam medium
Tadpole 17.0
Adult 8.0
Jangheung rare
Tadpole 14.0

* The degree for the population density is detérmined by the average from
samplings at the spring and summer season.

10 20 30 km

Fig. 1. A map showing population density of R. catesbeiana in Korea. Degree marks indicate each survey site and large plot size means the density
is high. A, Gwangju; B, Nampyoung; C, Goheung; D, Jangheung; E, Youngam; F, Seoul; G, Yangpyoung.
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Table 4. Matrix of percent similarities of nucleotide sequence (above diagonal) and Kimura-2-parameter distance (below diagonal) among gene

sequence of mitochondrial NDI/RNA in R. catesbeiana

1 2 3 4 5 6 7 8 9 10 1 12
1 - 98.7 99.1 98.7 98.7 98.7 98.7 100 100 96.5 100 100
2 0.013 100 100 100 100 100 98.7 98.7 96.1 98.7 98.7
3 0.009 0.000 100 100 100 100 99.1 99.1 96.5 99.1 99.1
4 0.013 0.000 0.000 100 100 100 98.7 98.7 96.1 98.7 98.7
5 0.013 0.000 0.000 0.000 100 100 98.7 98.7 96.1 98.7 98.7
6 0.013 0.000 0.000 0.000 0.000 100 98.7 98.7 96.1 98.7 98.7
7 0.013 0.000 0.000 0.000 0.000 0.000 98.7 98.7 96.1 98.7 98.7
8 0.000 0.013 0.009 0.013 0.013 0.013 0.013 - 100 96.5 100 100
9 0.000 0.013 0.009 0.013 0.013 0.013 0.013 0.000 - 96.5 100 100
10 0.035 0.039 0.035 0.039 0.039 0.039 0.039 0.035 0.035 - 96.5 96.5
11 0.000 0.013 0.009 0.013 0.013 0.013 0.013 0.000 0.000 0.035 - 100
12 0.000 0.013 0.009 0.013 0.013 0.013 0.013 0.000 0.000 0.035 0.000 -

1. USA, 2. Gwangju 1, 3. Gwangju 2, 4. Nampyoung 1, 5. Nampyoung 2, 6. Nampyoung 3, 7. Goheung 1, 8. Goheung 2, 9. Youngam I,

10. Youngam 2, 11. Jangheung 1, 12. Jangheung 2.
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2678 START

2701 cctttaaace ggygcttcaaa tocecttact aactataaaa cttttattca tatatcttet
Gwangjul .......... R T I IR
Gwangjuz .......... ...g ..............................................
Nampyoungl ---:-v- - S e e e
Nampyoung2 e e T R R
Nampyoung3 v R R A R
Goheungl ---------- e EE I A
Goheung2 .......... s R I )
Youngaml e g e i e
YoungamZ .......... Ceg e e e Le e
Jangheungl ---------- R R R L I R R
JangheungQ ---------- IR R R R BRI

2761 acctctactt tatattgctc ctattctcct cgcagtggea tttttaactt taattgaacg
2821 aaaaatcctt ggttatatac aacatcgtaa aggtcctaat gttgtaggac catttggact

2881 tctacaacct attgctgatg gegtaaaact atttattaaa gaaccaattc gtccatcaac
Gwangjul s e L T
Gwangjuz ------------------ R R I IR
Nampyoungl «-ccscoc eeeean R T T
Nampyoung2 «--cevo e Cr st e e e
Nampyoung3 ---ccvrs o L T T I T
Goheungl — crrrieee e R T T N
GOREUNG2  ++r s v v et i e e e
Youngaml ............................................................
YOUNGAMZ  +r vt s n trae et e e G e
JANGREUNGL v v e e e e
JANGREUIG2 - s v vt r s o e i e s

2941 atcttceccaa ctectattta ttctagcace aaccttaget ctageccteg ctataattat
Gwangjul ------------------------------ e e
Gwangju2 .............................. R L IR I I RIS
Nampyoungl ««-ccvrvee conini i B T I I I A
NAIMDYOUNG2 “* vt v vrrrr orenenen oeen G e
Nampyoung3 «crcrrr e G e
GORBUNGL  f vt vt e e e e e e
GOREUNG2 v st v et i i e e
Youngaml ............................................................
YOUNQAIMZ s o rrr e ee e Qe e
JangREUngl -« o - e i i e
JANGREUING2 - s s vt v s oo i i e

3001 gtggactcca ttcectetec ccatecctta ctegaatcta aaccttagea ttttatttat

3061 cctegecate tocagettaa cogtttatac aattttaggg tcaggttgag cotctaatte
GWANGIUL v vt e e L e
GWANGTUZ s e e e e
NAmPYOUNgL = v v o e e e s
NAMPYOUNGZ = 5= s s v et e rrecee e e e e
NAMPYOUNG3 =5 cc s v orrs e ae e e e aa
Goheungl ............................................................
Goheunqz ...........................................................
Youngaml ............................................................
YOUNGAMZ  tr s veme e o e e P
Jangheungl « v v s e i e
JAaNGREUNG2 =« o v v s s i s e e

3121 taagtatgce ttaattggcg ccctecggge cgtegeccaa acgatttect acgaagtcac

3181 cttagcectyg attattttat gectctgtect cctggcagga ggatttacee tetetgectt
Gwangju1 B T
Gwangju2 N T
NAMPYOUNGL =G vt v v e e i e e s
NampyoungZ L T
Nampyoung3 :c----- - T
Goheungl T T
GOheungZ ............................................................

Fig. 2. Nucleotide sequence alignment (1,215bp) of the mitochondrial NDIARNA sequence among Korean populations of R. catesbeiana. Nucleotide
sequences of isolates were compared to that of R. catesbeiana reported in GenBank (top line). Sequences contains variations are presented,
otherwise no nucleotide change was found among the population. Dots indicated the same nucleotide in sequences.
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Fig. 2. Continued.
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YOUNQGAML  « v e o i e e
YOUNGAMZ v v s v s oo e e e
JANGREUNGL « v v e i e e
JANGREURG2 - vttt e ot i i e e

3241 cgctatttca caggaattta catgatttat tttaccccta tgaccaatat teccttatatg
Gwangjul L T T T
Gwangjuz EE T
Nampyoungl At et i e e e
NAMPYOUNG2 t@ s v o st vrs o e e s e
NAMPYOUNG3 “@r =t v st oo s et s e e e e
Goheungl E T T
GoheungZ ............................................................
Youngaml ............................................................
YoungamZ B IR R g. P g
JANGREUNGL =« o v v v v e e e
Jangheungz ............................................................

3301 atttgtctee actcttgetg aaactaaccyg agccccattt gacctcacag aaggtgagte
GWANGIUL v e i e e
GWANGIUZ s v e i e e e
NAIMPYOUNGL  ©* %t ot e o st ts et e ot e e e
Nampyoungz ............................................................
Nampyoung3 ............................................................
Gohequl ............................................................
GOMBUNG2 v v s s v i e e e
Youngaml - e e e
YOUNQAMZ  frs st v ot ci e e e g
Jangheungl « v cc e e e e e
JaNGREUNG2 * - s s v rs e e e e e

3361 agaactagtt tcggggttta atgttgaata tgcgggagge cocttogect tatttttect
GWANGTUL s v s o i i e e e e
Gwangjuz ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
Nampyoungl - v oo e T A
NaMPYOUNG2 *x«r vt t v trv v et e e e
NamMPyOUNG3 f s ot v e e e e e e
GOREUNGL - vt i i i e e e
GOREUNG2 -t e i e e e
Youngaml ............................................................
Youngamz ............................................................
Jangheungl =« s vt e e i e e
Jangheungz ---------- e e e e e e e e e e e

3421 agcagaatat gctaatattt taatgataaa taccctctca actattattt ttttaggtte
Gwangjul -------------------- g e e e
Gwangjuz -------------------- g e e e
Nampyoungl «««ccerr oo g e e e e
NampyOungz ................... R T IR NI R
Nampyoung3 « v s ce e PR T T T
Goheungl .................... R S I AT
Goheung2 ...........................................................
Youngaml ...........................................................
Youngam2 v crecccc- T T T T T T T T T
Jangheungl ............................................................
JANGREUNG2 *+ - v v v e s e e

3481 ctgtatatca tcactaaccc taaccacatc tctactcata actaaagect caattttate
GWANGIUL  « v s e i e e e
Gwangjuz ............................................................
NamMPYOUNQGL = o v v s o s e e e
Nampyoungz ............................................................
NaMPYOUNG3 « v c s st o e e e
GOMEUNGL v v st e i e e
GOMEUNGZ v v v v i i e e e
Youngaml ...........................................................
Youngam2 .............................. Crvrrr s e
JAangheungl cc s v e e e e e
Jangheung2 ............................................................

3541 - 3800 no nucleotide variation found
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RUNs |

o) gt Tamura-Nei distance 0.005(AERA)A) S} ok7ke] zpol S

A

Gwangjul

Nampyoungl
Nampyoung3
Goheungl
Nampyoung2
Gwangju?
Goheung2
Youngaml
Jangheung2
USA
Jangheungl
youngam2

USA
13!_% Jangheung 2

‘—C Youngam 1
10

Jangheung 1

8 Gwangju2
4 Nampyoung 3

Nampyoung 2

13 Goheung 1

99

Gwangju 1l
90

Nampyoung 1

14 youngam 2
Goheung 2

Fig. 3. Phylogenetic relationships among the R. catesbeiana based on
Neighbor-Joining analysis (A), a maximum-parsimony tree (B).
USA represents the sequence reported in GenBank.
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