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Genetic Variation of some Patches of Eleutherococcus
senticosus (Rupr. & Maxim.) Maxim. in Korea'
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e %

74N 279 Fete] fAwolE sobslr| st FUAL 8/ FEH Aok, FFA 4 U £EF
% 1070 2=, 6770 Al 9§ ISSR(inter-simple sequence repeats) £33} #4-& A Alsteich. FWHAt
4N 2759 ISSR EAAF BA o)A 76%2 th¥A FE4E(primerd 3 11.570)8 #dfow, 7}
A 973 23 ZFo) W RAPD 212k 4 (Kim%, 1998)2) <A w4 57%( primerd & 5.70)
B} =4 Jehda, ISSR AL BAe] RAPD #42 ARl e HRE A3 5 ok, =
W sl ezt 87 kel Aol R el Tzt fAHelv) 62.8% 2 % A vEidEd, oy
g A g e & A TAARA og TE A7) 3] Faddte ALm A, =3 B
A7 AFE ARSI FHL S FHHE ATsle 83le] ® £ AR, Mo FEe
WA EA T Bxoae wEe o FA4A e vilE L vvd Ao Yz, fA@AEY
NAE A AeA SHet FLe 949 ARY S B 5 glden, oley FFL AMOVA
A3 g FHREAAAE ¥ $ gt gt Fu s e AL LES HEA e A
A BEol tjEe] Ax Y (ex sit) LEANME TEF 25 NAE b5 Tl Adsles T HF
o] Awto] mFHY o2 YR},

ABSTRACT

The aim of this study was to described the genetic structure of Eleutherococcus senticosus in
Korea. We investigated 10 patches, which are eight Korean patches and two foreign patches
come from Russia and China growing at Korean habitat, using ISSR(inter-simple sequence
repeats) markers. In ISSR PCR, the overall percentage of polymorphic ISSR amplicons was 76%
and the mean number of amplicons per ISSR primer was 11.5, which were higher than the RAPD
results for the some cultivars collected in Korea(Kim ef al., 1998) ; 57% and 5.7, respectively.
So ISSR markers provide more powerful tool than RAPD markers for the investigation of genetic
variation in E. senticosus. There are relatively high genetic variation among patches as 62.8%,
but low variation within eight Korean patches. Such pattern of genetic variation, which is not
ordinary in other tree species, may be result from the narrow and limited habitats and the asexual
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reproduction of this species at the natural stands in Korea. Although the small sample size in
this study seemed to be resulted in the high genetic variation among patches, the overall genetic
interpretation of this study might not be much affected on the basis of the characteristics of the
distribution and the reproduction system of E. senmficosus. Analysis of genetic distance between
all pairs of the patches did not reveal any trends with regard to geographic distance, which was
confirmed by the results obtained from AMOVAC(analysis of molecular variance) and
PCA (principal component analysis). These results suggest that, in addition to the preservation of
the natural stands, the conservation of larger number of patches with small number of individuals
per patch is more effective for the ex sifu conservation and for maintaining the genetic diversity

of E. senticosus in Korea than smaller patches with large number of individuals.
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M =

7hA = Aol g ¢t 9,
Fo TEH AAY, dE HEx 5 A
w23, $8 el WEU e 14A]H el
2R TEHeR A4St lchk(lee, 1979). $-
g vt AR ExPHale] oy T
(Ahn, 1993 ; Kim%, 1997), 94k 2HQAI14
= BEE A7 9ohiAg @z BRasgdg
(Park, 1997). 7FAedse 7aztes @23
5, A Mg F3 Sl Hed oFelmairt 9)
o] q2RE] FAZ ALEI(Kim, 1997), HE
o g8t FelvA FEo R QF A4 )3
7} A7bsbr] djFell AR ACH A W d397] 4
) AR (BRI B RI3AER A
o] BEe A ek, ZpAj AT Fa o
E A ¥(Eleutheroside E2} Chlorogenic acid <)
2] ek AR AuiA] o] weps F-2) g o]
E vl =dl(Ahn%, 2000), o123t €49
ol AR Y BAFAN tiFe] FAH WA
Zlalstng, walead U did AYdMx
7HA 27 A Ao e A &e 9% Pris)
Fash}, e} o]’ AFd HEaT W H
A chefd Hrie] HaAdol utsle] HAAIYR
&9 71EE AN AAAY FpA R §
Aol A=A ggksict.

ISSR(inter-simple sequence repeat) ¥.A|x}
4}-& SSR(simple sequence repeat ; microsat -
ellite)2] WHE-F2E o] 43l t}3 A MMl
whge g FaEY A oA A A8 AL
4= At Zietkiewicz®, 1994 ; GuptaZs, 1994).
ISSR #A]2} #41-& RAPD(randomly amplified

polymorphic DNAs) ¥Xx2} 43 §AHg vy
L2 AYe] HEAdId F2ZAE9 oYL 3]
& 7 slen(Lu%, 1996), RAPD EAzld) v
8to] 21 primer?} ¥ A7 3H(annealing) L =&
AHgsle] A@Ae] 53l (GodwinZ, 1997),
A AL mF Hxgle]l AR HWFo] Hr}
(Zietkiewicz®, 1994). =% ISSRE SSR&
primer ¥4 2 olLslng ZZLAE uig
AEE {F¥ F5 dH(Wang®, 1998). |23t
Ao g qlste] ISSR ¥4#= £ RAPD ®
2 2AE o| 43k E-F(Prevost® Wilkinson, 1999)
v} fawe] R4(Salimath®, 1995), A=
2 (Kojima%, 1998), #4121 &4 (Ratnaparkhe
%, 1998) Sol 98] 2olx e},

# 7= ISSR BAIA} B4 o]43le] I 7}
Al 2zte] Fete] fdwel & sletelm, slA ez
78] FAANURES AT T A AL
L AAEH, 2ztuge] elnE o spAl o)) 4
A 7tell FAA e sH5E EAFAEH A4
ZHDNA marker)®] Jubgs] & ol wxa}l g},

HE ¥ Uy

1. A=

£ d7e 2 dete] N eds FEEAq
A= ddje) spA ez 87 F2(patch)E o
Aoz sger(Fig. 1), HAFEE S5l 3
Faka 2 AlopakE Az 1) FEt, $E2 vlag
#ste e.zvst dodaE 2 h 2y 24
of LAz cHTable 1). 7HX2.2=le} 2243 A
B 1997360 Ao 2GR} AabA] oA AR A
HE AT A, dgddTE ARddA
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A FAAEHY Tl EXANA A = AE 2. ISSR PCR

B4 19989 9¢ 19l A& Ao, HHE o Aso HAALE 5 FA v
Aoz NgE AFYIAYY FH T4 44 Fol DNeasy'™ Plant Mini Kit (QIAGEN
R4 AdE HHsd o). Inc.)& AH4-3}9 total DNAE #e3lddct,

Chombongsan

<

50Km

Fig. 1. Sampling sites of Eleutherococcus senticosus in Korea,

Table 1. Sample informations of Genus Eleutherococcus examined in this study.

. .. No. of
Species Common name Origin Patch name samples
Chongson 4
Paeksoksan 8
Hwangbyongsan 9
Kebangsan 5
Korea
Eleutherococcus . . Changchon 9
. Kasiogalpi :
senticosus Max. Jindong 9
Chombongsan 7
Inje 3
China CHINA 9
Russia RUSSIA 4
E. sessiliflorus Nakai Ogalpi Korea Chunchon 5
E. korveanum Nakai Seomogalpi Korea Chejudo 5
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ISSR PCR-& uhg-4-9 2043 20ng template
DNA, 0.6«M ISSR primer, 0.6 Unit Ther-
mostable DNA polymerase(Advanced Bio-
technologies Ltd.), 20mM (NH;SOs, 75mM
Tris - HC1 (pH 8.8), 1.5mM MgClz, 100x«M
dNTPs, 0.0025% BSA(Bovine Serum Albumine)
9] geko g FAlslg ov, ISSR primer+= UBC
SSR Primer Set #9 (Nucleic Acid-Protein
Service Unit, University of British Columbia)
& AHgslgdrt,

ZZuk3-& PTC-200 Thermal cycler(M]J
Research Inc.)& °]43ted, 94T/o% FiER ¥
o ‘94T /30%— 52C/30&=— 72C/60%'2]
Z7eg 458 wrEsta, 72C/1087 #F
AlZth, 1.8% agarose geloll4 7] %43}
ZALE(ISSR band)& #lslx, FEAHES] #

o wel 1's} (es AgydHg sty

o

1 ot e A%

3. XEEy

frAwoel ek Excoffier®(1992)% Huff%(1993)
9] AMOVA(analysis of molecular variance) %
wo g ®Aslgct, AMOVAE 2 A
A3 Azl(genetic distance) 5 W@ o2 HFIE
dEo] HiayatrENested design) o g3 =
|, £ 974 534 A=le Excoffier®(1992)
o] uhy & o] &3¢ch.

n><(1~”‘z:—{”’)

Excoffier's distance =

# n: A4 band® =, ay:F AAL FEHE

band®] 4

27 #34 A#+= RAPDistance (ver 1.04 ;
Amstrong®, 1994), ¥4HEMd+= AMOVA
(ver 1.55 ; Excoffier, 1995), 54 ¥8A-& SAS/

BR A 22w BHY RERR S

STAT (ver 6.12 ; SAS Institute Inc., 1996) =
EaPg ol g3l FAlslgr},

¥ O#

1. UMM ISSR PCR

2720 WY fAwe] ¥M& 918t UBC SSR
Primer Set #92] 1007% primerel]l W& ADdaA
A oy APAAE zE e 107) primer
(Appendix 1)& A stsir}.

Aksl 1070 ISSR primerE o] 43 AgAst,
S 3N FF9 770 AR d&lA F 251
Aol 2FAES dodedl, olF ohEA FFAE
& 23002 A 91.6%<) sllwdsial o, primer
3 5 17.709 d¥E SFAES 98 & A
A cH(Table 2). 7}A 249 5470 A& 19670 5
ZAHE A = 76.0%(14971)2 A& vehle,
primer? H7 11.5701¢] o434 FZFAEE 949
ed, # a7 A AGsE07%)E 283
o v]ah}Fe] [SSR EA|2} #AolH Bag o}
HA(95% FolM i34 72.6% ; Hong®%, 2000)
3} vl e, zeivt Kim%(1998)2] 7HA 2z

3 Zo| g RAPD ZAIRF EAAF(c}Y
A »]§ 57.3%, primerd H7 5.770)el H]s}e
£ = Jepdisdl, oleld Aale ISSR X3 &
Aol RAPD BA7} B4R W R g AF
g 5 9)S-2 9v| e Wolff%, 1995 ; Lu%, 1996).

FH ool I a5l dE A=
Fig. 29} #e] UBC Primer No. 836& o]&3%
ISSR PCR #4elA 7hAleds], o749, 4L
292 #As] 7RI ISSR FFALEE g
4 st ’

2. 7ML n Tae| fHHo| By
S ZEA et 8 TRl AHT 5474 A

Table 2. Number of amplified bands revealed by PCR with the screened 10 ISSR primers in Genus

Eleutherococcus,
Samples No. of bands at polymorphic®  at monomorphic Total
of 3 speices in Genus Total (%)’ 230 (91.6) 21 8.4) 251 (100)
Eleutherococcus Mean per primer® 17.7%6.0 1.6+1.8 19.3£5.7
of E. senticosus only Total (%) . 149 (76.0) 47 (24.0) 196 (100)
Mean per primer 11.5%5.4 3.6£1.7 15.1+5.6

::polymorphism at 97% criteria
: percentage in parenthesis
¢ mean and standard error
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E. seticosu

E. sesstliflorus
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E. koreanum M

Fig. 2. Inter-simple sequence repeat (ISSR) banding profiles for 3 species of Genus Eleutherococcus
using UBC Primer No. 836. Arrows indicate bands distinguishing the species. (M : pGEM

PRIN2 |

size marker).
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Fig. 3. Scatter diagram of 67 samples of 10

patches in FEleutherococcus senticosus
with 149 ISSR bands based on principal
component 1 (PRIN1) and 2 (PRIN2).
(R: E. senticosus in Russia, C:E.
senticosus in China, numeric as 1 to
8 : E. senticosus in Korea, which are
1-Inje, 2-Paeksoksan, 3-Kebangsan,
4-Hwangbyongsan, 5-Chombongsan,
6-Jingdong, 7-Chongson and §-
Changchon, respectively).
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Fig. 4. Dendrogram generated by UPGMA

(unweighted pair-group method with
arithmetic mean) using 230 ISSR bands
of 12 patches of 3 species in Genus
Eleutherococcus, see Table 1.
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Table 3. Analysis of molecular variance for 54 individuals of Eleutherococcus senticosus Max. in 8
Korean patches, using 146 ISSR bands.
. Variance a o

Source of variation df SS MS component % total P-value
Among patches 7 818.29 116.90 16.16 62.78
Within patches 46 440.84 9.58 9.58 37.22 < 0.001
Total 53 1259.13

# % total : the percentage of total variance contributed by each component
® P-value: the probability computed by nonparametric procedures from 1000 data permutation

o ¥ AMOVAE o[ 4% £4k822] vl
Al fHwele] 37.2%%e] FERMHl EAlsla,
62.8%7F T=xkel o]z Avislgl=d(Table
3, dutreg 5G] FHEL B
Ak fae)7l 20% wigte] dlH-E-o)(Hamrick
%, 1992), RAPD ZAAE o] 43 $Elue}e
AR R (=2 35.1% ; Hong, 19970 74k
T 19.8% ; Kim? Hyun, 1999), ISSR %
AAHE ol 48 wAR (At 9.4% ; Hong%,
200008 A=zt fAduole] ulalal shA L7 e
TYF fHHol7l ¢ A eyl
H 3 7je" $5E50] ‘A tiAdeludwd Hie
E A7 T SEAA EAEGGYE e 3
sbsteiEl® Ro & Algtelc), ol2jd Aste 714
24971 AddelM e diE 5 9% ¥
Awiaeg Fehg YA g(Park, 199008 ¥
W AAEe] FAHeR A WAL Zm, A
EE AN A AY FEE vlay 34 ot
7] djEol =zt fAlmelgko] Adidon =24
velhd Aeg A4xch w3t SR E A §A4

WAle wjdte] FAAwAle] AT Ao F Gzt
o)z} Frlshe S ASEA A Usbertie} Jain,

O -
T

1978 ; Sherman-Broyles®, 1992 ; Hamrick®¥, 1992
9} Populus tremuloidesi’% RAPD EAz} #4]4]
A A A ofsled & I Wolr) wHAZE
thi= 23 (Tuskan®, 1996)N4 % 714 2 ztv}e
¥ T FAHelrl Sl v 23 A
a9 FHE + U,

TH rHA AT e WAFAHLdE & g7l
b 7 FEe] Agrt Aol Arle EAA
H7|= #& T wele gqlez Hzd 5
dovtk, 2%l FE(clone)22 A= s
7hsAe] & 7HA ez oA | AlRe
At FHchd FAlo e 237l Ay W
7= SR, g WEe] FEbtd & #
Aozt Bk AL oullAl W37
Ale & Ao} (Brownd Briggs 1991). 22
I FAEEANY Fd T A U B2
= A¥Fig, PolAE ¢ 5 dFo] ey Al
Aok Tzt FAHA Aol go] EAs
ER, Bd% F31Y w8 F9lq 9% Fzt

Aol AaA e vulg Ao},

FU 7HA 279 8 et Fakat 2 Alolat
TFE el £ 1070 Tl ¥ AMOVAS)

Table 4. Analysis of molecular variance for 67 individuals of Eleutherococcus senticosus with 10 patches
of 3 origins (Korea, China and Russia) using 149 ISSR hands.

Source of variation df SS MS Variance component % total®  P-value®
Among origins 2 113.85 56.93 -5.25 -24.12

Among patches 7 818.29 116.90 15.94 73.24

Among individuals 57 631.20 11.07 11.07 50.89

Total 66 1563.34

Among origins 2 113.85 56.93 3.11 12.08 < 0.00
Within origins 64 1449.49 22.65 22.65 87.92

Among patches 9 932.14 103.57 13.9 55.82

Within patches 57 631.20 11.07 11.07 44.18

? 9 total : the percentage of total variance contributed by each component
 Povalue : the probability computed by nonparametric procedures from 1000 data permutation
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M 2o Adagez A4 (origin) g 43
lw B3 Ao FAr_4vl -5.25F el
=dl, B4tsadA o) e AldT-ZE(hierarchical
structure)®] o] fo3lA ¢+ ALE HF
3c}(SAS Institute Inc., 1989), =3 ¥ +
e FAlE s A AR (EHA-F54k-2 Al o}
sbhate g sHA e E A% AtdlA Y4kA]
7F FHolrl 12.1% 2 YAkA] F-E#& FA% A
$(55.8%)l H]3led w9 A eldeH(Table 4).
[ R I S B R B I i 4 L
Holz Awsw, Azl fAye] mebe F
ofvigk Hoz A=, YAA] FE gle] &
1070 28g 4% A= 287 el
55.8% % Ful4butel f-3wWe](62.8%)xR ) AA
vehyt o, ol Ful4l 84 ¥E ABESF(F 54
AADNe 1/49 st 130 A7 F3F4k-2 Ao}
Abe g F718 Aol whale] F& o] ISSR &%
AR Z74R-2 2%(3/149) Bwsla, =3k 93
48] FEALE - Ro] 4l T 1E FE
ol glelA FH7t fAd A Aelr} S| HE = AF
7b vehgtr] dfelct, a8y 7AAEY T
o g FA4 824 AFFig. 3N F4t3}
HAjolabe FU Al FEF EAEAUE S
Hojx, Fete] Frled wE F43A Aol 3H
AHE 55 5 v, gk E 9479 AL
zZg) Febelld dehe 2 T fAddels
ZpAl o] FAwiAlepAlg F2 WA ¥
AR ks AR 2] 55 (Park, 1997)
A 7leddhs Aog A,

3. 72T Fee| FHEA

T FARAE FdAetsrl Hdd A
v, 227, degse 34 &5, 120 £, 77
RA ol tH¥E ISSR EA1AF A g4 deial 2307)
ISSR FFAbEd dif TAHEAE AAsA
TAHEA A A2 FegEd 2 A
27e et WA HdTFE A, THA
272 A e AefH A9} THe {FAH o
THAL dAEA] e Aoz vebdok(Fig, 1;
Fig. 4). °]2& AMOVA ZH#}ol4] #xtx] v}
= 1 fAde)st 24 vebd A 3(Table 4)
o} FRAEENNA Aot FF4be] S T
gE3 EAE FE Rel: HAI(Fig. o=
dxghc}, wheba & Aol 2AR W4t 7
Ae7dd RS o] H5Y AH FE2E

BHsta 9low, FeEitds Abgd fH4 A
ol & Helx Ql7] Wil AR e B3I} oE
o], ¥R FAAYRE(er situ conservation)
F9delA FEg o9 AAE £4se Awd
89 29 AAY oge] 2EE BLEse
7o) Ax}Aolel WgciCenter for Plant Conser-
vation, 1991).

ZhA s 1070 7=, 67 Aol Pdeial 1497
ISSR $F A& g FHEEA A A1 4
o) AL 11.3%22 vl-$ Jgton, A2 3
AR 9] -l 20.6%, 2Ela A5 FAAE
72 sl 0% E A . Al-A2 F
AEL o} 4§ FARLLLIE(Fig. A AlF
AEE JEer AETd, HATHH 7)e
g5 Al BFE, 2|3 AT R At
Ten WY re 44 Pdsisdd. =3
A1FAEe a8 E (Eigenvector)7} 0.1 |4
s ISSR #E4HES UBC Primer No. 825,
856 880 primerdld FE veldi, UBC
Primer No. 866 primer+ A1, A2 FA £l
2EA QgL VA= FEFAES A3 £
7ol HRAQ primerZ T Egch, o9} 7
o] FAREL st A, ¥IE 1070 &
g 499 ISSR EAAR e FHE
Ak, 7+ FEg Aldg pdsly, FH3
o] #8% ISSR primerg A¥d 4% gt
T FEo o]43l= of¥A ISSR EAA &
Folw B4 W] gAlg dlalel Agu
4 Z7hs} AEAF 5ol olelgol A 23]
B FEAE o]£-2 EHe] g9le] @ Sx
gl +=ul(Broschat, 1979 ; Coppenolle®, 1993), ¥
AR o) gdlw g 43 HeE Tl
o &41% s]Ae] 7HEEict.

i B

7WA .2 m] fEbe] fAHWwelE wlekslr] ¢s
o U4t 8 T Aol F4 2 1A
5 & 1070 £, 67RAl g ISSR £
A B4g AAs ),

WAL 7RA e zbale] ISSR EA| AL FA]elA
6% o34 FFAE(primerd 3@ 11.571)&
#lglen, 7pxjezty] $3Ed g RAPD
FEA 2L EA(Kim%, 1998)2] clgd A vlg 57%
(primer® H# 5.77DEF A4 vehta, 714
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S27t9)e] Aol ISSR #A2F ¥4e¢] RAPD
XA 2R g JHE A3 ¢ ddoh,

FUl 7hA e s 87 wehe] Ao R4 ¢4
ekt fAwolr) 62.8%F w9 EA Jehdss
dl, o3 A= A AgAe] F2 9
A3 TR g 7= 2173l 7]
ez Azt

wg 2 Q7 AE ANESE B SEz
fAdelel flqle] & $ glAw, sMAl T
2o WA EANS Bxoas nHE o #4934 4
Aol v e vvjd Hog A=), o
2l B odFolA FpX e dH e & FEt #34
ol FAWMAIR F& WA F& mAAe
£ AAA 24 71l Aol Aok

7HA 24T el fddAREo e AAA Y A
2A A9 T {44 dARAdE e ¢
Qe olEF FAHTRe Al BdAe 4
Abz] o] FenlElAl el AMOVA 23
9 g FEte EAE S B FAEEE
EAHE F328 5 ddot. gebd T 7L
729 FAAYRES M= YA BEe}
2] dx)9(ex sit)dll THF &5 NAE o}
72 Fatefi 4] Atsle T $|Fo) BEo] AT
o Aolr},

74N ezs e digh FAEEAANM 4
9] ISSR EAAZ EA - ShE 1078 F¢ i
o] e = AT, od8 FAEE 23hsbe
Aggrozy 27k P 83 ISSR primer
E A 4 9l

g gEs
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Appendix 1. The information on the ISSR primers used in this experiment.

UBC SSR Primer Number Primer sequence N“mberb;’fl dasmpl‘f“’d P °1ym‘(’{,/’;f)“° rate
807 (AG)s T 14 64
812 (GA) A 18 89
822 (TC)s A 7 43
823 (TC)s C 18 89
825 (AC)s T 17 82
827 (ACk G 10 40
835 (AG)s YC ° 15 87
836 (AG)s YA 27 7
842 (GA) YG 10 70
846 (CA) RT * 9 67
856 (AC)s YA 2 7
866 (CTCk 12 83
880 GGA (GAG), AGG AGA 17 82

average 15 76

Y =(C,T) R=(QG)
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