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Abstract: A total of 167 peculiar haplotypes confirmed from 28 ¢pSSR variants that were observed in 19
populations of Japanese red pine in Korea through c¢pSSR marker analysis. Thirteen individuals that showed
identical haplotype dispersed evenly in 10 populations, and the average number of effective haplotype within
population was 13.37. Estimate of genetic diversity (He) was 0.987 on the basis of ¢pSSR haplotype variants
that was equivalent to or higher than the estimates reported in other studies on some forest tree species.
Estimation of genetic diversity (S./.) on the basis of cpSSR variants composing each haplotype revealed the
highest estimate of 1.109 for the population of Gangwon-Yeongwol and the lowest estimate of 0.411 for the
population of Gyeongbuk Mungyeong with the average of 0.887. Most of observed ¢pSSR variants appeared to
exist commonly in 19 populations (97.62%), and genetic differentiation of ¢cpSSR variants among populations
was turned out to be weak (D¢, = 0.024). Relatively fast rate of mutation of cpSSR marker might be a major
cause for such weak population differentiation. There was no identical haplotype shared between 39 population
pairs of 173 pair-wise population pairs. Estimation of genetic distance among 19 populations on the basis of
cpSSR haplotype frequencies was impossible. Therefore, reconstruction of genetic relationships among pair-wise
population pairs was also impossible, that might be resulted from restricted migration among 19 populations.
Considering the observed distribution patterns of ¢pSSR variants in addition to the previous studies on I-SSR
variants, informations on the present geographic location and genetic status of populations should be considered
together for effective sustainable management of the genetic resources of Japanese red pine in Korea.
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Figure 1. Location of sampled populations. Population names
refer to those corresponding to the numbers in Table 1.
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Figure 2. Example of ¢cpSSR amplicon profiles. (a) Pt1254 primer. (b) Pt30204 primer. ‘M’ denotes sizing standard IRDye80!

Table 1. Diversity of [-SSR variants within population.

Population Individual No. No Ne He S

1 Gangwon-Hongcheon 16 15 14.22 0.99 0.836
2 Gangwon-Yeongwol 16 16 16 1.00 1.109
3 Gyeongbuk-Uljin 18 16 14.73 0.99 0.882
4 Chungnam-Taean 19 19 19 1.00 0.990
5 Gyeongbuk-Mungyeong 17 14 11.56 0.97 0.411
6 Chungbuk-Boeun 13 12 11.27 0.99 0.813
7 Jeonbuk-Buan 17 17 17 1.00 0.973
8 Gyeongnam-Haman 14 11 7.54 0.93 0.844
9 Gangwon-Hwacheon 17 17 17 1.00 0.953
10 Gangwon-Hoengseong 17 15 12.57 0.98 0.897
11 Gangwon-Jeongseon 16 16 16 1.00 0.989
12 Gyeongbuk-Bonghwa 12 12 12 1.00 0.803
13 Gyeongbuk-Pohang 17 16 15.21 0.99 0.879
14 Gyeongbuk-Goryeong 14 13 12.25 0.99 0.931
15 Gyeongnam-Miryang 12 12 12 1.00 0.991
16 Chungnam-Cheongyang 17 14 11.56 0.97 0.838
17 Jeonnam-Naju 13 12 11.27 0.99 0.887
18 Jeonbuk-Jeongeup 12 10 10.29 1.00 0913
19 Gyeongnam-Hadong 17 15 12.57 0.98 0911

Mean 15.47 14.32 13.37 0.987 0.887

No: total number of haplotypes, Ne: effective number of haplotypes
He: unbiased haplotype diversity (Nei 1987), S..: Shannon's index

haplotype 3 71A 4= = 1.0770)°] "l§- =& A2 e y2%574o §etd AUFEF Pinus pinastero) A
W tH(Parducci, 2001). haplotype TFYF=7F 0.872 Athd o2 @ Tyt 1
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ABR= Pinus sylvestriss 3028 AollA] 0.9779] = (Parducci, 2001). ¥ A ol|A] A4t haplotype HH¥S=
& ghol B.atE vk 2lth(Provan 5, 1998). U] HrAl o] (0.987)& 719 AFolA Big FX|9} FARAL oF

A= Pinus albicaulisE T3 228 A4 0.907¢] 7b e FXEAM o8 BUYE B u A AvE Jdd
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Table 2. Distribution pattern of cpDNA haplotype variants among 19 populations.
Pt1254 Pt30204 Pt15169 Pt71936 Pt100783 Pt45002 Over all loci
No. of variants 3 3 7 9 2 4 28
O4* 0.029 0.014 -0.007 0.029 0.014 0.066 0.024

*Weir and Cockerham (1984)
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Table 4. Population pairs of sharing haplotypes. “0” denotes pairs without common haplotypes and “+” denotes pairs with

common haplotypes.

(VS]
=~
w
[
~

Population 1 2

1 Hongcheon
2 Yeongwol
3 Uljin

4 Taean

5 Mungyeon
6 Boeun

7 Buan

8 Haman

+ 4+ 4+ o+ o+ o+

+ o+ o+
+

4

9 Hwacheon

t

10 Hoengseong
11 Jeongseon

+ + <

12 Bonghwa
13 Pohang
14 Goryeong

+

15 Miryang

+ o o

16 Cheongyang
17 Naju

18 Jeongeup

19 Hadong

o 4+ + + o+ + o+

oo 4+ 4+ 4+ 4+ o+ + + o+ o+ o 4
+

S+ 4+ + 4+ o+ + o+ o+ o+

S0 + + oo+ + o+ O+ + +
+ o+t o+ + F + o+ o+ o
+ 4+ + + + o+ o+ o+ 4+

+ + oo + + + + + + +

+ + + + + o+ 4+ +
+ o+ o+ o+ o+
+ o+ o+ o+ o+
+ 4+ + + o + +

+ + + o o O

+ o o o o

o+ 4+ +

o] thah cpSSR TAIAF B4 A3} 167702 haplotype©]
ol=Sitt. = Z+7+e) haplotyped 1.7971<] 7iA T &<
3t haplotype2 A'd 7Hg/d o] 471 wiZofl AA 1970 3
ol T3t haplotypeE©] 124 L 7hsAdo] At}
AAZ AA ¥ 7hee 17370 He & 7o Fds
haplotypee] & &) 5] o] 3980 2 LhE}
U(Table 4) #2-% haplotype T15oll 27314 o5 39%

ot 7] A
2ve) Wi} 7SR A A E Al d gl W

5. 1:!%

% ojujeh, olEw Qlstel Wugkel A 174 o4

haplotypeS 332l Sl UheA|

1344-& (383 197)
A Awrhe] 44 FARAZ ALslEY 0 FS H
SEA[7) A = 7] Wl kY] HHEAlE e gl
ALt o9} 7ho] HEshe o] W EWFE o] A

o

A 559 deolun) 2T (common panmictic ancestral
population) . 2 F-E] #8}=& Aol &= Bkl 7+ F
2 553 haplotype©] thy EAf k= o]+ simple
sequence repeatsS O] F L 3= LEFE(motif)7h & ©
AA71Q] cpSSR FEA ARl B4 o] AN}
EOL ApAAwe] Az ARl o] o] el &R

o] WA (Fa T AR 0 R 7t e A E
e FARNE 67 o absol A g et] o

S EAE 1970 kel £ 4

ir

o

o
>,
ol
ok
N
o
:(é
>

A fr

2
>
4l
1o
S
il
of
M
ﬂ

MO 2
fe )
2 g
o 2
i)
po
o
il

oo oo
-
i, J

N
X
i
1
N,
;
imﬁ

le)
o g
in
e

ISR A = A SR A T T
oy ‘
i

°

R

2

o

=

o

e

>

TR 2002, #EATLRE
7| XET AU FFFTA KRR M
s REHE 85T R 34(3): 228-235.



442

LS oA, H Y, IFA, el olgal, o84
2005, AR FGEH {FAA, YAy d7a

E 2515 pp. 74-139.

3. Anzidei, M., A. Madaghiele, C. Sperisen, B. Ziegen-

hagen, and GG. Vendramin. 1999. Chloroplast microsatel-
lites for analysis of the geographic distribution of diversity in
conifer species. In: Gillet, EM. (ed.). Which DNA Marker
for Which Purpose? Final Compendium of the Research
Project Development, optimization and validation of
molecular tools for assessment of biodiversity in forest
trees in the European Union DGXII Biotechnology FW
IV Research Programme Molecular Tools for Biodiversity.
URL  http://webdoc.sub.gwdg.de/ebook/y/1999/ whichmarker/
index.htm

4, Birky, C.WJr, F. Paul, and M. Takeo. 1989. Organelle
gene diversity under migration, mutation, and drift: Equi-
librium expectations, attroach to equilibrium, effects of
heteroplasmic cells, and comparison to nucler genes. Genet-
ics 121: 613-627.

5.Black, W. C., IV. 1996. RAPDDIST 1.0. Department of
Microbiology, Colorado State University, Fort Collins,
CO. USA.

6. Excoffier, L., P. Smouse, and J. Quattro. 1992. Analysis
of molecular variance inferred from metric distance among
DNA haplotypes: application to human mitochondrial DNA
restriction data. Genetics 131: 479-491.

7. Felsenstein, J. 1993. PHYLIP (Phylogeny Inference Pack-
age) version 3.5c. Distributed by the author. Department
of Genetics. University of Washington. Seattle, WA. USA.

8. Hong, Y.-P,, H.-Y. Kwon, K.-S. Kim, K.-N. Hong, and Y.-
Y. Kim. 2004. Discordance between geographical distribu-
tion and genetic relationship among populations of Japa-
nese red pine in Korea revealed by analysis of [-SSR
markers. Silvae Genetica 53(3): 89-92.

9.Hong, Y.-P, H.-Y. Kwon, and I.-S. Kim. 2006. I-SSR
markers revealed inconsistent phylogeographic patterns
among populations of Japanese red pine in Korea. Silvae
Genetica (31215).

10. Nei, M. 1987. Molecular evolutionary genetics. Columbia
University Press, New York.

11. Parducci, L., A.E. Schmidts, A. Madaghi, M. Anzidei,
and GG Vendramin. 2001. Genetic variation at chloro-
plast microsatellite (cpSSRs) in Abies nebrodensis (Lojac.)
Mattei and three neighboring Abies species Theoretical

12.

20.

21.

22.

Bt A 95 @ A 4 5 (2006)

Applies Genetics 102: 733-740.

Provan, J., N. Soranzo, N.J. Wilson, J.W.McNicol, GlI.
Forrest, 1. Cottrell, and W. Powell. 1998. Gene pool varia-
tion in Caledonian and European Scots pine (Pinus sylvestris
L.) revealed by chloroplast simple-sequence repeats. Pro-
ceedings of the Royal Society of London. Series B. 265:
1697-1705.

. Provan, JI., N. Soranzo, N.J. Wilson, D.B. Goldstein, and

W. Powell. 1999. A low mutation rate for chloroplast
microsatellites. Genetics 153: 943-947.

. Richardson, B.A., S.J. Brunsfeld, and N.B. Klopfenstein.

2002. DNA from birds-dispersed seeds and wind-dissemi-
nated pollen provides insights into postglacial coloniza-
tion and population genetic structure of whitebark pine
(Pinus albicaulis). Molecular Ecology 11: 215-227.

. Ribeiro, M.M., C. Plemion R. Petit, G.G. Vendramin, and

A.E. Schmidts. 2001. Variation in chloroplast single-
sequence repeals in Portuguese maritime pine (Pinus pin-
aster Ait.). Theoretical Applies Genetics 102: 97-103.

. Shannon, C.E. 1948. A mathematical theory of communi-

cation. Bell System Tech. J. 27: 379-423.

. Schneider, S., D. Roessli and L. Excoffier. 2000. Arle-

quin V2.000. A software for population genetics data analy-
sis. Dept. of Anthropology and Ecology, University of
Geneva, Geneva, Switzerland.

. Slatkin, M. 1987. Gene flow and the Geographic struc-

ture of natural populations. Science 236: 787-792.

. Tautz, D. 1993. Notes on the definition and nomenclature

of tandemly repetitive DNA sequences. In: Pena S.D.J.,
R. Chakraborty, J.T. Epplen, and A.l. Jeffreys (eds.). DNA4
Fingerprinting: State of the Science. Birkhauser Verlag,
Basel, Switzerland, pp. 21-28.

Vendramin GG, L. Lelli, P. Rossi, and M. Morgante.
1996. A set of primers for the amplification of 20 chloro-
plast microsatellites in Pinaceae. Mol. Ecol. 5: 111-114.
Wakasugi T., J. Tsudzuki, S. Ito, M. Shibata, and M. Sug-
iura. 1994. A physical map and clone bank of the black
pine (Pinus thunbergii) chloroplast genome. Plant Mol.
Biol. Rep. 12: 227-241.

Yeh, F.C., R.C. Yang and T. Boyle. 1999. POPGENE v
1.31. Microsoft window-based freeware for population
genetic analysis. Dept. of Renewable Resources. Univ. of
Chicago Press, Chicago, USA.

(200641 59 9d AL 2006 74 10 AE)



