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Abstract:Thc populalon di∬crOnialon in seven natural populations of′ノれιs″ ″s′ο″α Was studicd based on

RAPD markcrs Four trees wcrc samplcd from cach population Six mcgagamctophメic DNAs pcrtrcc werc used as

tcmplate DNAs for genotyping Of a sced trOc Tvvo hundrcd and fitty bands resolvcd in RAPD with t、vcnty random

primers were uscd to hcasurc thc gcnctic variation of population The level of gcnctic diversity was relatively high

(/1=192,Pク j=927,49=0.56, 〃c=040)and thC dCgree of gcnctic diffbrcntiation among populalons(Fs′
=0135)was

highcr comparcd with those of othcr pincs Thc ratc genc now was cstimatcd high(Ⅳ ,″
=1.604)The mCan valucs of

gcncic distancc(0083)was a VCッ 10w difFeren」ation and a closc genё■c rda」onship in P″ ″s′ο′α Of Korca

Espccia‖y,、vc could ind statistica‖y signincant rclationship bet、vccn gonctic and gcographic distanccs(r=08337,

Pく0001)The results obtained suggcsts that RAPD markcrs are valuable for thc cstimation of gcnctic divcrsity and

おrthc study ofthc divcrgcncc ahong populatbn in′ ル″sノο′α

κη″θ′お 「Pレ
"s″

4s′ο″らR/PD,G~θ 4″た″ν″sノタ G`″αた嘘 2″θ″
`ノ
α′ノ0れ,Cθ″αたグノs`αηεθ

l lntroduction

Genetic  markers  are  vew  important  tools  for

investigating genetic variation of tree species in trec

irnprovement and forest population genetics. In recent

years, as DNA¨ based 8,netic markers have been

developed, it is genera‖y accepted that RAPE)markers

have the potential to overcome some of liFnitations of

isOzyme and will be a powerful tool for genetic studies

and breeding work for several reason:1)A large amount

of polymorphism can be detected in any taxon,fast and

precisely; 2) it can a‖Ow investigation of not only

coding but also noncoding sequence variation; 3)it is

usua‖y possible to determine the mutation differences

among DNA variants,which strengthen(Williams et al.,

1990; Krutovsk五 et al., 1999; Dvorak et al, 2001;

Gomez et al.,2001).

Isozyme markers have been applied extensively

during the past 15 years in genOtic variation studies of

tree species Ho、vevet it has been considered to be

inadeqtlate for detecting polymorphisrn  in natural

populations because of the Hmitation in number of

isozyme marker loci available(Kim,1995:Lee Ot al,

1998:Aravanopoulos,2001).

It is kno、vn that there are six distinctive geographic

races of 2滋″s′ο″α(Uyeki,1928).On thC Other hand,

genetic structure studies based on isozymes reports very

little population difFerentiation in the species. Thus, it

may be of、vorth to study genetic structure ofthe species

using RAPE)and ind out ifit produces the same resultS

as the previous isozyme studies
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The obiect市e Ofthis study were to investigate genetic

variation and structure of 7 natural populations of ρ

凌″S′ο″α in Kangwon province of Korea and to detect

the degree of differentiation among these populations

based on RAPD marker analysis. In addition this study

wiH  provide  basic  information  for the  study  of

intrOgressive hybridization of P″″s′ο″α and P
r力zr″b`4g′ら 、vhiCh are believed to hybridize casily in
nature.

2 Materials and Methods

Cones、 vere coHected from four trees sampled in each of

seven populaions of′ ル′s′ο″α(Fig.1)DNA
eXtraCtiOns were performed uSing a modifled CTAB

method(Doylc and Doyle,1987).

Total DNAs were extracted from megagametophyte

tissues(hap10id tissuc)of seeds.Six megagametophytic

DNAs per tree were used as template DNAs in RAPD

PCR for genotyping ofa seed tree(Fig.2).

3ng of genomic DNA were used for RAPD PCR in a 7

μt reaction containing 3 5mM Mgc12,lnゴ mt BSA,

2mM dNTPヽ ,0.497 Unl of Taq DNA Polymerase,4μ

Mp面 mer(OperOn Technologies,Alameda,Calil,USA)

and l.Ox reaction buffer.The reaction、vas overlaid、vith

onl drop ofmineral oil.

Amplification was performed in a MJ Research 100

DNA Thermal Cycler wlh 40 cycles of92℃ for l min,

40℃  for l min and 72℃  for 2 mins.Amplined

products 、vere analysed on a 2 00/O agarosc gel for 2 5

hrs at 180 vols in lx TAE buffer(0 4 M Tns base,95

11 
～
l ethidium bromide, 1.149る glacial acOtic acid, and

lmM Na― EDTA).Gel images were captured wlh the

program provided by SciTech Pty Ltd(Plenty Rd,

Preston South, Vic, Australia), printed, and stable
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Figure l:Location ofthe seven populations of′ αθ′s′ο′α in Korea

l.Hyaa_Dong,Chunchonsi 2.Sinnam― Myun,Itte― Gun 3.Buk‐ Myun,Inie― Gun 4.Seo― Myun,Yangyang‐ Gun

5,Sonyang‐ Myun,YangYang‐ Gun 6.Toseong‐ Myun,Goseong=Gun 7.Syn百 m― Myun,Wottu― Si.

heterozygous markers、vere scored.

In order to identi″primers that detect polymorphism

among seeds■ onl a single tree,30 primers、vere used in

PCR with DNA from six seeds.Of 30 primers,20

primers 、vere flnaHy chosen and used to score for

segregation Ofthe polyhorphic bands among 168 seёds.

250 bands were scored in RAPD PCR with 20 primers.

Usually,products below 500 bp or above 2000 bp gave

faint and non‐reproducible bands, hence inost of the

scored products are in the range O.5‐-2.O kb.

Allele frequencies were analysed using the POPGENE

(pOpulatiOn genetic analysis,ven l.31:Ych and Yang,

1999)COmputer program. For each population,average

number of alleles per locus(И), perCentatte of
polyttorphiC 10Ci(P,5: 95% c面 terion), ObServed

heterozygosity(義 ′),and expected heterozygoshy were
computed from the frequencies ofalleles at 250 1oci.

For assaying the populations genetic structure the

nxa●。n indtes(ら ,F/7 and暴 ′)Were uSed(Wnght,
1978)み and F/7 meaSure the devialon of genotype

命equencies ,om Hardy― Weinber proportions in the

populations and in the total population, respectively9

whereas Fs7 meaSures the degree of genedc

differentiation among populations. In addition, the

amount of gene flow among populations(′ v″)Was
calculated,om Wlghrs暴′Finalltt the rela」onships
among the polulatiOns were visualized through the

construction of dendrogram by the unweighted pair―

group method wlh arithmetic lηeans(UPGMA;Nei,

1978).

Table l:Genetic variability at 250 1oci in 7 populations of P′′νs de4s,′θ′α(standard deviation in parentheses)

__        Population P,,       〃。        〃″

l HyoJa‐Dong,Chooncheo五―Si

2 Sinnam_Myun,Itte
3 Buk―Myun,Itte‐Gun
4  Seo―Myun,Yangyang

5  Sonyang―Myun,YangYang― Gun

6  Toseong―Myun,Goseong‐ Gun

7 Syn面m‐Myun,Wottu,‐Si
N71ean

190(0.30)

189(031)

192(027)

1.91(028)

1.95(0.21)

1.96(020)

1.93(0.26)

1.92

0.59(0.31)

0.64(032)

0.64(031)

0.68(0.31)

073(0.27)

068(0.27)

0.54(0.30)

0.56

0.38(0.16)

039(0.16)

0.40(0.14)

0141(0.15)

0.43(0.12)

0.43(0.12)

0.37(0.14)

0.40

900

89.2

924

912

95.2

960

928

927

/ is the number of aneles pcr locus; P95 is the percentage of polymo,phic 10Ci at 95シ6 1cvel; よ、is the observed
heterozygosiり;〃θ iS the unbiased expected heterozygosly,as proposed by Nei(1973).
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3 Results and Discllssion

A total of250 bands were scored in RAPD PCR with 20

prirners. The m,an number 6f aneles per 10cus ranged

■onl l.89 to l.96,and averaged l.92.The proportion of

polymorphic loci ranged fron1 89.20/Oto 96 0°/0,、vith an

average of 92 7%. The observed hcterozygosity was

from O.54 to O.73, with an average of 0 56. The mean

valuc of expected heterozygosity was higher and

amounted to 0 40, with variation 'om O.37 to O.43

(Table l).

When thё level of geneuc diversly of Pル′s′ο′α

was compared to those of other pine species, it 、vas

higher than those of′″α〃ノcカノα″α(И〒185,Pッ,=54.8,

∴ら
=0.163,比 =0168,Lec et al.,1998),of′

ッノνωrrお

WhOIC Species lcvel,lespelt市 ely(Table 2)The valie Of

鳥ドVaded amOng 250 1oci w“ h a mean_o6o2 This

means that there is 60.20/O exces' of hcterozygosity

relat市e to Hardy,Weinberg eXlectatiOns within a

pOpЧlation Assullling thc entire species as onc largc

random mtting popllla宙 on,the total ix江 lon index,F7/

was larger than F/sin a‖ loci.Thё mean Of F/7 0Ver aH

loci、vas-0.386,which indicates 38.69るof hetrozygosity

excess as a wholё. Thc population substructuring 、vas

hdたated by an overaH■7 Vdue Of 0 135 Thus,the
total percentage of genetic variation present in the

population explained by among population differences

is 13.50/O.This valuo is very high compared to those of

other pine species and aHo7yme Study(SZmidt and

Wang, 1993; Kim and Lec, 1995; Lce et al., 1998;

Potenko and Velikov,1998)and greatly similar tO the

Table 2:Wri sF―statics and now fOrthe 250 1oci

馬t       F77 札′*

B01Pl‐01

B01Pl‐02

B01Pl‐03

B01P20‐248

B01P20‐249

B01P20‐250

-0.6000

-0.6000

-0.7524

-0.6604

-0.6970

-0.6000

-0.6024

‐0.4583
‐0.4583
‐0.6970

0̈.5795
‐0.5174
‐0.4359

0.0885

0.0885

0.0316

0.0487

0.1058

25735

05735

76563

4.8816

21128

0.1026          2 1875

‐0.3863 0.1349 1 6037

*札,=Gene now estimated■omら ′=0.25(1-■7)/■7・

(И=3.2, Pク,=68.8, こ′=0.242, ″ピ
=0.283, Puglisi and

Att01ico,2000),and Of′ κο″αた″sおい:1・93,P%:49.2,

〃。:0.182, 〃ご:0.183,Potenko and Velikov,1998).

The tts and F/′vJues of W百 ght(1978)measure

deviations frorn the Hardy―Weinber expectations across

a‖populations for each iocus at the population and the

result of a previous study based on RAPD in P

滋″S′ο′α(Kim,1995).
AIso,the estimated gene now based onらァwas

relatiVelソhigh( n`,=1.604).ThiS result reflects the long
distance of pollёn dispersion in P′43rs species, but it is

disCOFddant wlh the level ofF/・

Table 3:Matrix ofNeils genetic distancc(be110W diagonal)and genetic idently
(aboOe diagond)amOng 7 popula16nS ofPF″需滋″s′ο′α

１

２

３

４

　
５

６

７

0.0688

0.0764

0.0782

01024

010893

0.1642

0.9335
***

00611

0.0553

00786

0.0822

0_1413

0.9264

09407
***

0.0506

0.0394

0.0463

0.1334

0.9248

0.9462

09507
***

0.0392

00572

0.1174

0.9027

0.9244

0.9614

09616
***

0.0273

0.1233

6

0.9146

0.9210

09547

0.9444

09730
***

0.8486

0.8682

0.8751

0.8892

08840

0_8875
***

POpulatiOn l～7:As in Table l.
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Genetic distince

O.0

Hyaa―Dong,Ch00ncheon―Si

Sinnam― Myun,lllie

Buk―Myun,Inie―GЧn

Sonyang―Myun,Yangyang‐ Gun

Toseong…Myun,Goseong―Gun

Seo―Myun,Yangyang― Gun

Syn‖m‐Myun,Wottu‐Si      7

Figure 2:UPGMA‐ derived dendrogralll sho、ving the clustering ofthe seven popllations of

P′′
“
s″″s′0″α based on the genetic distancё ofNei(1978)

The genetic distance of Nei(1978)were 10W between

seven populalons of ρ ″″s′ο′α and averaged O.083

The largest valuc(0.164)was detё Cted between

Choonchon(POp.l)and WOlniu(POp 7)populatiOn,

both of、vhich peltain to different population groups

(Table 3)in addliOn,the genedc idenJty values among

pairs ofpopulations range n・OHl o.849 to O.973.

The simila百ty among′滋″s′ο″α pOpulations can be
scen in the UPGMA dendrogram, where total
populations cluster at belo、v a genetic distance of O.17

(Fig. 2). Seven populations could be classined int。  3

groups:Namely,group l isヽ Voniu pOpulation,group

Ⅱ is Chooncheon and ltte(Sinnam_Myun)population,

group Ⅲ is composed of lnie, Goseong, and 2

Yangyang populations. Namely, geographica‖ y close

populations sho、ved a tendency Of clustering into the

same group. Especia‖ y, we could and statisticaHy

signiflcant relat,onship bet、veen genetic and geographic
distances(r=08337,P<0.001).
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