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Genetic Diversity and Metabolite Analysis of Gastrodia elata
by Inter-Simple Sequence Repeats (ISSR) Markers

Hyun Tae Kim, Ji Ah Kim and Eung Jun Park’
Division of Forest Biotechnology, Korea Forest Research Institute, Suwon 441-847, Korea.

ABSTRACT : Gastrodia elata, an achlorophyllous orchid plant, is rare medicinal plant. We investigated the genetic diver-
sity in G. elata from 4 locations by using Inter-Simple Sequence Repeats (ISSR) markers. Shannon’s information Index (S.1.)
indicating genetic diversity ranged from 0.255 (Pocheon) to 0.322 (Muju) with the mean of 0.29. The level of genetic diversity
was lower than other plant and most genetic diversity was allocated among individuals within populations (26.81%). The
UPGMA dendrogram based on genetic distance failed in showing decisive geographic relationship. In the case of gastrodin
(GA), the major components in G. elata, Sangju was highest. The ergothionine (ERG) was detected a lot of contents in Muju
and Pocheon. In conclusion, our results is very important information for explaining relationship of genetic variation and
functional substances without the effects of environment factors and developing genetic marker by ISSR in G. elata, which
may be responsible for the development of breeds with a lot of functional substance in G. elata.
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M A Fa A EZH, ergothionine WAl FH aksl &
AR Zuje] g HEo] Aol BeA dom FnkE
Avl (Gastrodia elatay= =1, Y&, T 5ol T2 X oGA 7hEReT el mEbME AdEde] Zol7t qlgo] Bl

b LA ES] thdAl bt AEo|ARE A3 Hejr) EslE
o EHAQ Ao Brksd AEelt)h BEEES 53 24
&3} 2hgo] ErFsotal HARERSl B wAl FAY st
o EE I+ Wob Aeks 714 =l aEAE 700 m
o)Fe] IARA Aol Lol WL Z3ARe] 2l

T ol AAgit). AEjF Q] 540m FA; wol A
AT Mycena species, 873 = Amillaria species<t 34
sl Aoz dHA AT (Lee, 1982). A AAIZ o= oF 50
oJFo] xsht fEvetddls 2ol A et 0, A
An}, vl 5 3F0] RS

Znte]] ghrElof T FAeE gEE Hes)
GEEA gastrodin, HEY WA, §F T d=sHtE
ol o]&lo| {714k HIEMIRF, B-sitosterol, cholesterol, p-
hydroxylbenzyl alcolhol®} ¥ @ (vanillin) 52| g0l ¢&
Z At} (Taguchi e al., 1981; Noda et al, 1995; Liu et
al., 2002). Gastrodin> A2 phenolic glycosideS!H] Hwle]

B40]

L

p

[ R H o
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® v} At} (Choi er al, 2011). Hwke] 942 GFoz2e F
2 ¥, T, v, A, 9 5] Ao ~E
g2, 2 Fo] Sl G e Fe=E BaEe] glon,
olg]gh &50] 7] tiiite] Mule] xFHEY] = Fils
43 FEd0] e Aog 4 Ard (Niu ef al, 2004).
Arfe] Ak eyt ofugl FolAE 60t 71A]
= W AR Al R R E A Ao,
1970 o] % AFAuHo] g oz Auinprt Ankst
=7 Akt ek 1980 Hvel BT WXl
o] A THE Aoz 1990t Sl A Hu} Ajulol
et ST wAlre] Al AS 37 5 AlE AEA &
g THEWEA ekl diERIFAT 7FssAl ElSdTh 2
2L opRmell A A F S S o]gg FAIHA <]t <l
FAuY A e Fue] w3} e Hile X AIZoH, Ajn}
o] 8 A Al FFol9}k Aol 2F ooz ) Ak

o] @A3] Havhs S HolaL
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DNAE ©]&3 & 2 /MAE 7+ f47 ted Aol
+— RFLP (Restriction Fragment Length Polymorphism),
AFLP (Amplified Fragment Length Polymorphism), RAPD
(Random Amplified Polymorphism DNA), ISSR (Inter-
Simple Sequence Repeat), SSLP (Simple Sequence Length
Polymorphism), Ho|&©°] &2 5% DNA 77+o| 9714€
A4 T oA 24 7iEC] ol §H L vk ISAE AEe]
FAAN = 2~4bp I7|E WHEH O T EAsle FEo] e
o], o]23F 992 SSR (Simple Sequence Repeats)Z}l 3},
ISSR P& WHE 714 d9] 4~103] WH3H O 2 genome’d
o] SSRe| FHA SR FEE] TS e, vEAd
o] Aol X8t Folut Fde] Solxog yhldo] 7ksst
of Heid A 2 FAIATE 29 T 744 o
Ao 831t} (Ryu and Bae, 2011). T3+ ISSR
RAPD #419] v AJ&A), AFLP #419] 37H]§, SSR 4]
9] maker AZel| B35S RS 4 Qr}d (Camacho and
Liston, 2001; Xiao et al, 2004, 2006; Ge et al, 2005;
Chung et al., 2006).

A7 Awlell tigt Ae S A g7e] Aol o)
921 WHo] #43} Huke] R EHQ gatrodinke]
T7F R0} (Tao et al, 2009). 2} =
ARl AFe AFgk g<Feltt. Hute] g3t
171 flste] A|9H o2 Hnpe] {F312 thddel
LEO)EA] HESoFe vt 9lom, fxF Ao
AR Aol gk A+ Bgk Hagh AAolth

b, B Aos okgo g S8RV} 2 HvlE o)
7O R ISSR 7WE o]&slod A2 FAwels A8,
HPLCE ol&3t] x| 754 &29] Fhgo] ofgA #lo]
7F A AT

L
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M2 T12ss]
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og
1. 2z
2 ATl xRS As= FW Al (Gastrodia elata) %8
22 Z QoA oZ w) A (FF, AFE, A%, TH)S A

S el S Ank F 20 AN FANZ Aeio)
Zj7ke] A3l AHESIITH (Fig. 1, Table 1)

2. DNA 22| ¥ ISSR PCR

Aule] e HAolA Eelsle] AlF
sle] giapitz 451919 ™ ) Plant Genomic DNA Extraction
Mini kit (FAVORGEN)E ©]&3le] DNAE 2| st3ith
DNA2] =& spectrophotometerS: ©]-83}¢] 260 nm o] 4] 1|2
Agsla AF 27t 2ngid 7t HEE 483t ISSR
PCR W3-8 20,4 10ng template DNA, 0.6 uM ISSR

T AALE o8
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Fig. 1. Geographical distribution of locations of Gastrodia elata.
(@©; Muju-gun, @); Sangju-si, 3; Yeongyang-gun, @; Pocheon-si)

Table 1. Locality information of locations of Gastrodia elata.

Locations Latitude (N)  Longitude (E) ~ No. of plant
Muju 36°00° 127° 397 20
Sangju 36°27° 128°12° 20

Yeongyang 36° 657 129°11° 19

Pocheon 37°09” 127° 207 20

Table 2. Primers, sequences and their annealing temperatures.

ISSR primers Sequences (5' - 3') tem/:\)r:e?aeilrgg(’@)
809 (AG)sG 52
810 (GA)sT 50
811 (GA)sC 52
813 (CT)sT 50
823 (TO)C 52

primer, 0.6 Unit Thermostable DNA polymerase (Advanced
Biotechnologies Ltd.), 20 mM (NH;),SO,, 75mM Tris - HCI
(pH 8.8), 1.5mM MgClL, 100 uM dNTPs, 0.0025% BSA
(Bovine Serum Albumine)’} X3ET=F 3R oH, 4071¢]
ISSR primer screeningS F3lA A& 0] okl THAHS
Holn FFAkEo] Ay o] E= 5709 primer (#8009,
#810, #811, #813, #823)5 Ao ARE-EISUl (Table 2).
PCR 27102 94TCellA] 50 HxE] & 94TColA] 30%,
50C L= 52ColA 30%, 72ColX 60 DNA 4 3
L 458] WEg £ 72CoA 1027 FEste] dEAFT
PCR S32HE (ISSR bands) 2% agarose gelollA 903
Z719% AlZ1 3 UV trans-illuminator’gollA] &3k 5 =
o] 2718 #e) skglon], YW =719 54 bpol
g g0 wet 1 F 0o HelHE YL
Bt
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3. Ai=e| &M

POPGENE ver. 3.2 program2 ©]-8-5}¢] Shannon’s information
Index (Shannon, 1948)& Aliksted A FHTIFIS 8
2™ Arlequin ver. 2.0 programs ©]&35le] ALkE §7%
2] (Euclidean distance)E 71%Z AMOVA (Analysis of
MOlecular VAriance) 418 At X9 7+ {424 £3
o] AEE AT} (Excoffier ef al, 1992). #4149 2|
Zrel 4 FAdAS 78et7] $1siA RAPDDIST ver.
1.0 (Hong et al, 2004)2 ©]&3}4] Manhattan distance
(Wright, 1978)% 7Al4Fsllth. UPGMA (Unweighted Pair-
Group Method with Arithmetic mean) tree®} NJT
(Neighbor Joining Tree)s Al+dste] 2t A9 7+ f3w4S
AY3IATE (Page, 1996). T4 =213 [SPSS V.12 (SPSS
Inc. USA)IZ ©]&3}>] Duncan’s testS A3t}

4. Jlsd SAEM
1) Gastrodin gF=H

4 A% Hul 50mg A EZ 50% Methanol 2.5ml 3
7¥ated 102 &< 2ol AAF & 5% 53F sonication ¥

F e FFEE AT F, 4500 rpmell 204 FOF FAE
2= s} A5NE filtering 3 ¥ HPLCE ©]&3lo] &

[ AN TR =1

213} TH Mobile phaseZE 0.5% formic acid water<}t

0.5% formic acid methanol F 714 &w& ARSI o, F
£2 (0.7md/min, SF =+ 270nm o], HPLC column<
Luna Cj3 (250 x21.2mm, 5uM)E AF&3FA T (Liu et al,

2005; Ong et al., 2007).

2) Ergothionine EF37%
74 AxE Hul 020 10ml cold ethanolic extraction
buffer (100mM DTT, 100 uM betain, 100 2M MMI in 70%
ethanol)E 7} & vortexgt ¢ 3% < sonicationd}al 1%
ethanolic solution 2mé S H7F & I &t 2ol BA|gh
4500 rpmel] 20% Bt AR E SIHTE S 3mlS
frejdol| Ho}l w=sle] HPLC ¥4 €9 (50mM sodium
phosphate, 3% acetonitrile)ol] =JA] #4135} Th Mobile
phaseZ 50 mM sodium phosphate®l]l 3% acetonitrileE 7}
3te] 0.1% triethylamineE ©]8-3t>] pHE 7302 A3
AMgE o, 48 | mlmine|H, FFEE 254mE o] &
39tk HPLC column Ecomosphere C18 colume (4.6 x
250 mm, 5 /m)S AFEEIAT} (Lee ef al, 2009).

3) Amino acid F=H

4 7129 vk 50mg AlEE 1ml 5% PCA (Perchloric
acidy& & Y vortexdlt 3% 5 sonicationdt ¥ -20C
of A3 deE7lE 33 & & s B A & 4T

[RE |
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Fig. 2. Example of ISSR amplicon profiles. ISSR PCR was perfomed
with UBC primer #811, “M” denotes DNA size marker.

13000 rpmel] 103 52t AAEE Atk 45 30 4L 9
40mM NIE (Norleuwcins 718t &5 & Az A9k
20 4S FH7} ¥ sonication ¥+ & F=38}3L, PITC 20 4 &
A7} & sonication 3+ & F=3}3Z Methanol 20 (4 H7}3ld

&5 F Pico-Tag 200 /4 H7F F &3iAIX] Tt €4 £

T 5 OE HPLCE AR&ate] 431t} 1452 0.8 mé/min,
=% 254mmo|H, HPLC column®ZE Pico-Tag (3.9 x 150 mm)

ARE-3IAT} (Cohen et al., 1988).

al

9 E

PN

1. 7oA Tk
T ¥le] SF ke T tFA ARl BlE (percentage
of polymorphic lociy 4419 (76.53%)2 FFA19 (70.41%)
2 HwA =24 ARk FEAY (64.29%)°] 71 Sl
AXFE Tt (Fig. 2, Table 3). Shannon®] A thdA A4
(S.I: Shannon’s information Index)Z At ¥ Az} 713
E2 %S Bl AY9e FEAY (0322)019eH, 7 A
e Hol Huke ¥4 XY (0.255)°1%8} (Table 3). X o
a4 O A 029002 YeRit, 28 2150 of
B2 E] A FATE A Aol Bol HoUA ek
Zefolth. A o] HIx T (S1=0.395), T2 (SI=0478),
HEH (81 =0.395), &Y (8.1 =0.453), 23T (S
=0.379) T & HEE] TR st vlas] s
= Hrke] FATFIATE a2 AoR wreixlth
(Hong et al, 2000, 2003; Kwon et al, 2002; Lee et al,
2002). FeFAsH FopdTollM @ol &8l 3= RAPD
(Random Amplified Polymorphic DNA), ISSR (Inter Simple

Sequence Repeat) marker 5 AFAAIERe] 22 0] thato] o}

d DNA AR 228 favole] ) REE 4%
o] AEA - ABAE BT A Rt e AoE W

%3 Atk (Nybom and Bartish, 2000). Hwrle] Aejs - 43
ALY SHES AEEE Aule] 22 Fu Fo] oXlsA =z
Z F5o7t ke ©R Bgo R FHo] glom o] 3l
AL 3ol 2 o] o ojA] 2F2 2 wiAA7E §l=
749 AA dHelA] gl & F HEE Fap Aol vig-
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Table 3. Comparison of genetic variation among four locations of Yeongyang
Gastrodia elata.
. The number of The percentage of | ; p Pocheon
Locations polymorphic loci - polymorphic loci :
Sangju
Muju 69 70.41% 0.212 0.322
Sangju 75 76.53% 0.196 0.310 Muju
Yeongyang 63 64.29% 0.175 0.274
Pocheon 66 67.35% 0.159 0.255
Mean 68.25 69.64% 0.186 0.290 0.10 0.08 0.06 0.04 0.02 0.00

= Nei's (1973) gene diversity;
¥ = Shannon's information Index [Lewontin (1972)].

Table 4. Analysis of Molecular Variance(AMOVA) based on 98
ISSR markers for the four locations of Gastrodia elata.

Sumof  Variance Percentage of
squares components variation (%)

268.10 3.99 26.81
816.80 10.89 73.19

Sources of variation DF

3
75

Among populations
Within population

offtt. TAL FAE| oA ol Holxithal siriehs ol
Hofehs FAE SoFF BAlte] §lS A% ot oy
TBE FAZ HAo] wlg- ot} olejgh Hwute] AEjZ A
AR HQES W ko] 17 o A7 0 )
- oHTi FEg) AQuiA e HA Je] - v A
TE AFAOR Hlwsks 21 et Aoy Mkl e
E4S yEslE o Hute] 44 ted A7E v Ao
A= Aol Hhal & & ok 2 Aol oigt
ol FAe] Ag- Fuljol] ogt et £BS e AHER
A AR A o] 7)Aol o] AR o] F
7] W] AppEe] fdol7t s AAX o= Fars)
= U8 FEE HlE 22 s YERllE ZleZ B
TEJTt (Yang er al, 2010). Zevt 43 A28 47] 9
Me Hoh B2 A5E 7 AR e B40] o]FoA

oF & Zloltt.

R

L

2T

2 1 2o 9 i

W Wop

2. go| FHH 29}

ZAE 4le] Aol gk AMOVAS o] &8 Haka ol
H oA HA fHwo] = 26.81%7F AT 7HlA] 719lah=

Aoz YRS, YA 73.19%= H] 7fAI7Ee] Zjo]of| A
7118 202 UEt) (Table 4). oFA7kA] A=l Sl
oFgA TN 7l WHolE BAME A7t F3] =Eo] Bl
& Z717F wlg- ot BlanE frde] #4o] Hol &
o= AEF} vlwdl] & w 74T (63.8%), EFVH:
(33.5%), Lonicera periclymenum (18.6%) 2% (11.6%), Tetraena
mongolica (15.2%), =475 H7 (18.7%) &3 2 ok 7]
A HolE Holi glow, WARS FolWAl (Fst=0.13)°]
W Preridium aquilinum (Fst=037) A72 3} Higberg®]
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Fig. 3. UPGMA tree based on ISSR data for four locations of
Gastrodia elata.

Fomitopsis pinicola Karst AI55 B o nle] Auj=] 7t
o] 17 Eshk= & 2ol oyt AAET (Kim er al,
2009). o3 Het 7 Apol= Ak o Aoz P
Al w2k, s sk dleo] 234

EC T |
Eo vsliA Fok W §4 Wolge Wi 7k fF &
3le] Axe A2 Aoz ¢#HA Jvt (Hamrick er al,
1992). o Fgst XS feixe o B2 A9 Fduke] 4
< Foto] Hrte] Bégolyt EAFA Alo|7t 31491 82191
A AHGAH A ] FIJAE HES & FoUt dok

(Korpelainen, 1995; Cho et al., 2000).

3. A M
4 AZE o]&3s] UPGMAWH (Michener and Sokal,
1957l o3k FAS AN A3 2RI} o] FF
A7t 7P 7o ek dFde el ARzt b |
Ao=E UehTh (Fig. 3). o] A#=E 55 o A= Aot
7 Agjehs 945 s HolA 2o = VERT
dtEo® §4 Aget X H9H A Tkl A FE
HolA] TR B 5 glh A WA, o

OF-
o1

=

O} o =
= olRE F

A

=

-

¢

A FAA Al x2H A 7l AE BATE gle AR
BIE Tt (Hong et al, 2011; Yang et al, 2010). 3

= F75e ESHAAM = o]t ZH3Fe] DNA marker A
Ao 9] 7190¥E vt B3 dE=dH, DNA marker=

selection®]] T3t T}E genetic marker EU} 3735 <Q0 QIx}d|
PSS A ¥orE, I A4 Ay AgHor HHFHQ
frade] EF FdE HolA Hetke Aoltt (Cho er al,
2000). 2E]aL ALFAES] A AR £14 At AEF
Ag7he] e tE dFME FAFLSE AR EHA

FetteE B27F AT (Son et al, 1989; Kim and Lee

e T
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1992; Kim et al, 1993). wetx] 2 A7xAgolA 44 A 4. s 22 24
2¢} X173 Ag7ke] AT WS HolA] S o] DNA Aule] 2 EZHQ gastrodin (GA)Z ergothionine (ERG)
marker®] &4 WiEOE B 4 S Aotk F HAR QIZF  Gxstolwiolt A4 A3 719Y st 9 7Hhe] wif- &
o] ARl FHH wHo =z st Yehd Axz dAg A Aoz dEA Utk (Ong er al, 2007; Liu ef dal.,
AUtk oRoA AFHE ] e oFg2Eo] AlA H8  2005; Kim et al, 2001; Hsich et al, 1997, 2000). w}2]
Sl o] gE7] A RFePHA Al oA EAh} SRIEE GAY TS AR S A7o| wet 2 Fheko] w)g-
olsE] AA, A B ko gA o7 FEH {0 tFsh, ERGS F3oloA v A e iksA 24 2]
A AAEE A97F ok tEA 2 2S5 0 Ao] FEHXInaL dBlA k. Hwke] A9 Hupe] A%
Aed AP AWAES] §44 25 7 E 25 J JY 79l B sslge] FAKE B8] ERGe| HEE Zog

d

™ o

ZE FAUAZL ARH Bl UehlA) B BT SR, FESE 4999 9= A ] S BRG]
T olfE SYBOIL AwSel dal TP HEEe] An o WS Avke] 2] HHBE ERGY F EF Wobd
ApREe] BhE Aol Q19)E A4 Wk ot HENS o B Itk (Park ef al, 2010). ¥ AN FA

7Pso] ok Bk Aok (Yang ef al, 2010). Avkel A4 9 A% GASl $F o9 wewl wsle] ERGE) B del
Be] A% AL AEH] WA TY A o A Ao vehgom TU T 4% ERGY I
Aule Tsle] QS A9 tiRRelT tRe] A Bou} AlHoR GATFe] A& Ao% Lt (Table 5).
Ak AA T ARHE Pelste] S ST AA R GAS] Bl ERGS ol 108 Hx=e] RolE B
o] ot Aaatel AAA ool meb AuAsh W A o3 glom, 4Fe] A% 200 olge] Aol molw ek,

g9 At fFAEAY fred 7Fe S A 4 flok o] Hvks BEkE 89.8%, & @R 6.2%2 TRE A=l s
d Aoz ol 77k RiE o AitETt B 2pupEo] A of Thilld ghgo] £ Holm om|icike] 242 I ol
2 4] E2o] o]Fojom AHor {7 FAAASt 2}, arginine, histidine®] I35 SAIZITAL G4 Tt A5
A Agko] dReA] Y= Aoz F=3 4 Q) A Hvle] 79 glutamine, arginine, alanine, valine, lysine

o] thE AgH} o] EWton o] X Huke] 4
% tyrosine, isoleucine®] o] Wom o] 79 serine,

Table 5. Contents of two major pharmacological components in ; o . L. _
o p 5 P glycine, histidine, proline, methionine®] &7Fe] Tha X9 B

mature rhizomes of Gastrodia elata collected from four

different locations. o 22 Zoz dRlo] HSIT} (Table 6).
Content(ug/g DW) Hwule] F2 AlEQl GAS} ERGY o] Xddz M=Z
Locations Gastrodin Ergothionine AolaA FHEoI9 e B F Qow Aol Fake) Aolg
Muju 3372.92+24.81° 378.7+283.83%%* FAZQ G AR 770l g oHu 2 S i
Sangju 4779.23+764.33 229.22+47.38" Ae] B Y v AJEe] Avle ol8-slo] Hwt
Yeongyang  3960.77+809.69" 258.83+89.96" o] SARAT} 7|54 BAe] Sekale] HAE dlel= A7}
Pocheon 3742.37+809.41° 394.97+81.63% Qs Aoz A7FIT)

*The data represents mean value =+ SD. B oolm= Ezloia] Hole] x]oil AR Clopdo. g
**The same superscript letters indicate the corresponding components = “*“i 00}011 drte] Hopd Trbﬁbq—o & T
that do not differ statistically(P<0.05; Duncan’s test). H2ao] wlg- o] pm thE FAo] gloje ol ofE

Table 6. Contents of amino acid components in mature rhizomes of Gastrodia elata collected from four different cultivation areas.

Content (nM/mg DW)

Locations:

Clu Ser Cly His Arg Thr Ala Pro Tyr Val Met  Cys lle Leu Phe Lys*

Muju  1.33%051%3.3322.72* 2.982.75 3.26=2.53" 0.69+0.950.740.62" 0.38+0.32" 1.26=1.11° 0.25=0.46" 0.61+0.53 0.79=0.64* 0.22+0.22° 0.04=0.03" 0.06+0.07*  0.34=0.29" 0.21=0.19*+"
Sangu  3.55:+0.69" 3.30=1.13" 3.77:£1.21 0.47=0.14" 1.01+0.31% 0.29=0.09" 1.68+0.53" 0.09£0.05" 0.18+0.06" 2.23+0.4" 0.6=0.13" 0.11+0.03" 0.49=0.11" 0.13£0.07 0.18=0.05" 1.21+0.31"
Yeongyang 2.12+0.68" 2.29+1.57" 2.81=1.58" 0.48+0.16" 0.69+0.3' 0.4+0.16" 1.05+0.56" 0.15=0.19" 0.86+0.28" 1.77+0.5¢ 0.47+0.17°0.02+0.01" 0.56=0.11" 0.18+0.08° 0.41+0.14°  0.8+0.34°

Pocheon  3.12+0.74 5.55+1.27" 4.06+1.97* 4.93%1.55" 0.93+0.75" 1.07=0.56" 0.61+0.16* 1.85=0.79" 0.34+0.31? 0.92+0.29" 1.29+0.33* 0.36=0.2 0.05+0.02" 0.07£0.01% 0.58+0.15% 0.32+0.18%

*Clu; glutamine, Ser; serine, Cly; glycine, His; histidine, Arg; arginine, Thr; threonine, Ala; alanine, Pro; proline, Tyr; tyrosine, Val; valine, Met;
methionine, Cys; cysteine, lle; isoleucine, Leu; leucine, Phe; phenylalanine, Lys; lysine,
**The data represents mean value *+ SD.
***The same superscript letters indicate the corresponding components that do not differ statistically(P < 0.05; Duncan’s test)
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Fe2A] TN o7 Walo] FHYLS 7o) ule- =o} & Abies koreana and Abies nephrolepis in south Korea. Journal of
- - . . Korean Forest Society. 100:577-584.
—(ﬂ. ;du o] X Z A %.;\ xqc?_] _Z_Eq_g_i AH H QRS O;ﬂXJ

H}Eﬁﬁ ogﬁ & P = L NS Hong YP, Cho KJ, Kim YY, Shin EM and Pyo SK. (2000).
O Art e el fles F52  dgler, A= Diversity of I-SSR variants in the populations of Torreya
ola] X9 §Ax B3l wdF =x] e Aow muFE) nucifera. Journal of Korean Forest Society. 89:167-172.
Hulo] rko] Zxjol| olair] MAE BT} Aufe] G0 2 Hong YP, Kwon HY, Kim YY, Kim CS and Han SD. (2003).

alx AAtE = Zlo] thFEoR Alglel] o]k Q1912{9] 7hdo]
Aupe] el A JFS miAERE A97 Aot f4
Ake] A7k A2 A e AR F5I 5 ik 74 A
2 FHnte] Ve =2 GASl el ERGO d¥ET
10~ 2004714 @o] BlEiom A 757 234
op|=ate] o] Aol miAIE Aoz SRIFIT & A
T2 Aupe] A 9] SR JEF2 wiAE ATE S
Ave] FAFE 7154 =2 BAE vestal, ISSRE
ol-g-sto] vk A 4L S TiEEle] 715 =
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