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H Q: vt EAREoly 3= RESHEFA VT AT 14 S A $ske
5 et 8470 Ao th3k ISSR (Inter-Simple Sequence Repeats) FA| A} £249-8 A A]&}1 T} 1470¢] ISSR Z&E}o]
HolA F 9379 FELES AFT £ ANSH, FH4 S YERE P (Percentage of polymorphic loci)gt
# S.I. (Shannon's information Index)7} Th& FH&E-Foll BIsl Blwz] 27 Uepseh JAwd {34 o8-S 49
ARTE (P=64.5%, S1.=0281)7 AGNBAHP=624%, SI.=0292)°] E=kow ANANHP=37.6%,
S.L.=0.178)c] 7P& St AA FA™e]l F 30.6%7F Fetzhel] 71dsh=s 2o & yEha, YA 69.4%= J
chf] ZHAI 7k Zpolell A 711kt ol g A b o] ulg- AgkE ] o BEALH o2 Q3= 37
olghs LR mFo] & o (Y7 FHx wi{7t A&t X3 vEeRd Ao F48 B Ak 4
AgE o] &3t UPGMA Wil ost 84S AAIS 23, JA9e A8y A=t 34 A3
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ABSTRACT: We investigated the genetic diversity of an endemic rare species, Forsythia ovata Nakai by exam-
ining 93 ISSR amplicons in 84 individuals distributed among five populations. The overall percentage of polymorphic
ISSR amplicons was 54.8% and mean number of amplicons per ISSR primer was 6.6. The amount of genetic diversity
was relatively lower than other shrub species. The Mt. Seokbyeong and Mt. Seorak B populations had the highest
level of genetic diversity. Although the Seokgae-jae population had the lowest level of genetic diversity, the pop-
ulation was genetically the most distinctive from the other populations. About 30.6% of the total variation was
allocated between five populations, which was slightly higher than other shrub species. Such a pattern of genetic
variation may have resulted from the limited distribution and small population sizes of F. ovata. The UPGMA
dendrogram based on Nei's genetic distance showed some decisive geographic patterns. These results suggest
that, in addition to the preservation of the natural stands, the conservation of larger number of populations with
small number of individuals per population is more effective for the dynamic ex situ conservation and for main-
taining the genetic diversity of F. ovata than smaller number of populations with large number of individuals.
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W] $k(Forsythia ovata Nakai)= &FdUF-3o)| &8
e v o w Ao} AR R, el sk ¢
gy} EAkAEolt(Lee and Lee, 2000). Ayt B}k st
ol ZetAut e 0% vll-g- flodt T o R S]]
Ao) A G| HElsto] o] 2 Ei= P AT A
2] HSlo] ofele 7HkE A S5 IdA] Aot AR R
LS vh sk 19979 AR Al 9Js) 137 W HES]
7148 217 7hedl shuE AAQH SAAERA ) A}
el Thk A% nEG RS DL e HFolt. @
AN7HA vk 3tel] tha A= Kim and Kim(1982)°l] £]3} 3j
H8H4 A A9L9) Kim et al(1984)0]] )3+ Fejz] 4 9
SApTelSA A Fol o] Folxl vt glont, At RE
o] 72 Arshs A kel digk Aot ofA A
o]Fol Xl vt gl

AEF G 2] theRdel dist A= F-34F /4]
AEE 23} alol| tigh ofalie] FE& WeEThe Aol
23k 297} QltKAvise, 1994). 53], 3| 9F = HE9)7
=T Ae] 744 ek 24 A AT 4] o
Q1 vfetstal, BE H2ke ok vl Iearbast 2
FolthMilligan et al., 1994; Hamrick and Godt, 1996).
BEAe] Fd A T 42 1970 o) 9ol s9lE A
EAAE g o] gx]o] AN el F-HE4] DNAS
23] Al o] 88z 97} WolAaL 3tk DNA #A2H=
o]-gahd ‘&9l a A A el B W2 FrdAfelx] 2] Ho]
7o) 7¥salr| whizell, fravtado] W ot 7]
18 7Fs7do] % o= o] 9lem (Bachmann, 1994),
et s ZARPE 3938 okyel 99 DNA
AR -850 &8 5= o150l 9155 A 2rkSydes and
Peakall, 1998; Kjolner et al., 2004). DNAZS o]&-3+ 7 ¢h 2l 7}
AE 7] 72 TR AMoli= RFLP (Restriction Fragment
Length Polymorphism), AFLP (Amplified Fragment Length
Polymorphism), RAPD (Random Amplified Polymorphism
DNA), ISSR-PCR (Inter-Simple Sequence Repeat Polymerase
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Chain Reaction),
Polymorphism), ¥1°]&°] %2 574 DNA 7312] 7|4
4 35 ofe] #47pg5o] ol 531 9k o] he) ISSR-
PCR ¥A|A} #2492 SSR (Simple Sequence Repeat)—% o]g
Sjo] TS Bhalehs WO, AR AuiAo] &
o]&tal RAPD 3EA|Afe] Hlal Aj@Ao] ¢-=rafo] & HE
97 AR A TP S ATeH=) A% AL
SJtH(Camacho and Liston, 2001; Xiao et al, 2004; Ge
et al., 2005; Chung et al., 2006; Xiao et al., 2006).

w Aol 37 -S4 ES] weEske] sl HAdo R
$E| ZAbe ISSR AHEE ol g3te] faulo] ke s}

SSLP (Simple Sequence Length
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Fig. 1. Geographical distribution of the . ovata populations examined.
1 =Mt. Seokbyeong; 2 = Seokgae-jae; 3 =Mt, Jabyeong; 4 =Mt. Seorak
A (Gongryong); 5 = Mt. Seorak B (Cheonbul).

sha fAAARES A% Yabe AN s,

1. XM=

Aol ARg-St AlE= AHAskE vl sl 47l kAN
A, AL, AREA, AdotAIB) T AAYA] SR Q18 o]
2 BQsh 170AFPEAhESE] AHA A= (Fig. 1), A
A A8 AR 1S digk 5 m ol o] =S sl
LA qrrel wet A & 12-2070 A0 o] 2 &
A g AHAt. 7 Ao x| eF AekEE AR E A
4% Table 13} 2t}

2.DNA £2| 2 ISSR PCR
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Table 1. Locality of population and the number of individuals sampled from each population.
Population Locality No. of individuals
Mt. Seokbyeong Gangneung-si, Gangwon 20
Seokgae-jae Bonghwa-gun, Gyeongbuk 12
Mt. Jabyeong Gangneung-si, Gangwon 17
Mt. Seorak A (Gongryong) Sokcho-si, Gangwon 20
Mt. Seorak B (Cheonbul) Sokcho-si, Gangwon 15

DNAE 1X TE buffer] %<1 $- EtBr-CsCl =7 %€
227 (60,000 rpm, 7A17E) 2 FAH 0 2 A A sl T
(Palmer, 1986).

Polymerase chain reaction (PCR)> <=3 DNA 10-20 ng, 5X
buffer 5pl, 2.5 mM2] dNTPs Z}2} 2 ul, 2mM MgCl, 2 i,
100 pmol2] >Z&}o] ™ 1 pl, Promega Flexi GoTaq (Promega
Corp., Madison, WI) 0.625 U ¥ 55757} 3£3He F 25 ule]
HHg-E 95°CellA] 5 B3t 1A} dllEf et -, sflE] 95°C 142,
annealing 45°C 1%, extension 72°C 230 2 A WHe-&
303] WHEsk & A 0 F 72°Co|A] 1087t extensiondt]
T-3J3I3tHApplied Biosystems Gene Amp. PCR system
9700 A}-8). ISSR ZZ}o] ™ &= UBC ISSR Z2}o] ™ Set #9
(Nucleic Acid-Protein Service Unit, University of British
Columbia)¥} §1gellA JRE FHste] A4t Zefo|v=
AHg3H00], o] 7he] Aol Srstar, TS molk
ZEAR0] )AL o] o 147 ZejolZ S 5

o] =& #& ISSR 4] ¢ AF&-3}3ITH(Table 2). PCR 5%
8- 2% agarose gelollA] %171%3°5510] DNA size markers
7IEe® 54 A7 (bpyE AYs SRS frel et
IO FEte] ARPH R desiqit

3. X2o| EAM

570 w23l kel thgt ISSR WolAe) TS 431
918l POPGENE 1.31 program (Yeh et al., 1999)2 ©]-&&}o]
Shannon's information Index (S.I; Shannon, 1948)% -3}
§lo™, Arlequin 2.0 program (Schneider et al., 2000)S

o]-&, Euclidean distance]] ]3] AR 544 AZE 7| %=

AMOVA #2418 ZAJslo] ezt §-314 23ke] =& A

Table 2. List of ISSR primers employed for this analysis.

Primer Code Sequence Primer Code Sequence
UBC #811 (GA), C UBC #845 (CT), RG"
UBC #815 (CT), G UBC #847 (CA),RC”
UBC #818 (CA), G UBC #850 (GT), YC*
UBC #825 (AC),, T #10 (GAG), RC”
UBC #835 (AG), YC' #13 (CA), YG"
UBC #841 (GA), YC’ #17 (AG), YC”
UBC #844 (CT),RC" #24 (CAA),

Y=(C,T); R=(AG)

AFsF tH(Excoffier et al., 1992). EA41% Hekke] (-4
712+ POPGENE (ver. 1.31, Yeh, et al. 1999) & 721
&3l AEskalh

7(
2]
°
=
0]-8-3}°] Nei's genetic distance=

4

1. X ChkN

sk ko] 7 ek £l ARSE 14709 ISSR
Zejolujol|M F 937l9] TFAES WEE o qlelor, &
gfolr] & Ft 6.670¢] tHY THAES 9 7 ATk
oA A Ak2ES] H]-E(P: Percentage of polymorphic loci)-
AR CH64.5%)F HOPHBATH62.4%)0) H]IA 2 gk
Belom, A/NAATH37.6%)°] 7 SA ER} A AlE -
54.8% -2+ 9] TH(Table 3).

147€] ISSR Zefolm el & 937H°] SHAES Bl
Shannon?] - thd2]4~(S.1.: Shannon's information Index)&
ARYe A} 71 =8 718 Bol ek AolaBAvH0.292)
olglom 7 wke- 2kS mol Fuke A/ AF wH0.178)°)
SATHTable 3). 5=3F, 1985\ -E] dJaljx] A 3|9t A=<l ]3]
APEAR] A7} #1825 7] el @xef Agsha vk sl vl
AwE Bof oA HAF AP G FATF AT
(0.243)= A AA Ao B FEoE e

2. 2Eo| RMX 25t
24K 5719 Aede] tlsk AMOVAS o]83F 2419 29
vl oA A o] = 30.6%7F Awlel] 71918 A

Table 3. Estimates of ISSR amplicon diversity within Forsythia ovata
population.

Population N* P h* S.L”
Mt. Seokbyeong 20 64.5 0.18 0.281
Seokgae-jae 12 37.6 0.12 0.178
Mt. Jabyeong 17 57.0 0.16 0.243
Mt. Seorak A 20 527 004 0221
(Gongryong)

Mt. Seorak B

(Cheonbul) 15 62.4 0.19 0.292
Mean 16.8 54.84 0.158 0.243

N=number of individuals; P = percentage of polymorphic loci; h
=Nei's gene diversity; S.I. = Shannon's information index
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o7 YR, YA 69.4%= F e 7|72 xpo]olA]
71218} th(Table 4).

3k, w3l et fAAF w5 AE(Vm)ys 1.34% L
EFSECH(Table 5).

ZF ek 2% 7hell Nei(1978)2] #3424 A& 75 A%
APk ZpAE JEzio] 0.0494% H AR, HeABe) A
MAF EEZRO] 0.1284% H )X S 1.91 07 (Table 6), A A
1070 2% 7+e] Bgke 0.0902% YEbth 44 Ay
©]8-5}9] UPGMA (Sneath and Sokal, 1973)51°l 2]t
FAEAE AAE A} Fig, 29} 7Fo] veh=d, Aty
APgAL, 1231 AdoRAkAL) AeaiBRwo] 47 ATES

O

Ao 5 AAHNT AAAATE AGAE] 71 7]
A3 P waleh
o

A Ot

T3} 57 kel A AR 2 TR (ST =0.243)
ISSR ZFA|AFE o] gsle] AR The ¥Rl Hlwsto] B
, HZ(S.L.=0395, Hong et al, 2003), AlZU](S1=0.531,
Choi et al,, 2004), S%U(S.L.=0470, Han et al, 2005),
E 7S = 0.336, Jeong et al., 2007) & HUR= Yar, 5t

Table 4. Analysis of molecular variance for ISSR amplicon variants.

Source of variance d.f. Component variance
Among populations 4 30.6%
Within populations 79 69.4%

Table 5. Nei's analysis of gene diversity in subdivided populations.
H) HY Gy Nm®
0.2152 0.1569 0.2712 1.34

DTotal genetic diversity of the species

Mean within-population genetic diversity

The propotion of the total genetic diversity found among
populations

YEstimate of gene flow from Gy, e.g., Nm=0.5(1-Gs)/Gy,
(McDermott and McDonald, 1993)

Table 6. Nei's genetic identity (above diagonal) and genetic distance
(below diagonal).

Population 1 2 3 4 5

1 - 0.8803  0.9518  0.8980  0.9334
2 0.1275 - 0.8976  0.9060  0.8795
3 0.0494  0.1081 - 09135  0.9425
4 0.1075  0.0987  0.0905 - 0.9380
5

0.0690  0.1284  0.0592  0.0641 -
1 =Mt. Seokbyeong; 2 =Seokgae-jac; 3=Mt. Jabyeong; 4=Mt.
Seorak A (Gongryong); 5 =Mt. Seorak B(Cheonbul)
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Mt. Seokbyeong

Mt. Jabyeong

Mt. Seorak A

Mt. Seorak B

Seokgae-jae

f 1
0.064 0.024 0.00
Genetic Distance

Fig. 2. UPGMA tree based on ISSR data for 5 populations of
Forsythia ovata.

FEU(SL=0269, Lee et al, 2002)9 HEAE7]
(S..=0.242, Hong et al., 2003), Tetraena mongolica
(S..=0.264, Ge et al,, 2003)2}= F-ASFA 3L, Heptacodium
miconioides (S.I. = 0.133, Jin and Li, 2007)R.th= &2 5=
=o] 3.

o] 3153 (heterostyly )y HERAL, SARERE op 2}
g SR E WA E = A el A9 18A
Foll vlaf Al A o2 A4 o] =2 A ow A4
St (Hamrick et al., 1992; Charlesworth and Charlesworth,
1995; Weller et al., 1996). 18]y & A+ A3}, w3}
ol sl S VR AL 382 el <Jsl WA ol (pers.
obs.) B8kl 314 TheRdo] nlmA] s A0 ek
ol Rk o % Fzojo] ARl SAECIY 8 7F2] A
Folls 2R = fAE gl sl fwol7) 539
A2 Aoz dEHA 9IthLedig and Conkle, 1983; Godt et al.,
1996). Lee et al.(2002y> S5 1HF2] 474 theldo] w2
o5 Algke x|eel skl AAYA] YellA] BFAA| 7}
WA oFom Auf A 9l dolg Bk Axsto] et 4
et siAsisict. vl Begt Qlel|A] ek uke} o], A
B4 07 wikg- flofkst o Fel Ao AR A
st v 27] fR DA 5w 4%
SF717kA] Aol BolabA] Fafl AEdt 744 verds fr
257 AH RS ook Ed o] & T A
7hke Ay 5 AlgkEl Aol At R FESThRE 5S
vl & o, vk ske] vla il b
49 d=17)e) 7Ilehs Zlow FPEr) 2ARE Wt
ARG F A o] AqfE Tha o ® e Eo] 9l vl
A 7P A2 AT fF7 4 (S =0.178)
o] MlwA A& o7 Fysta MATE W ok 4 o
(S.I. = 0.260)°1 ¥]3l] FA8] WA Yebgth= AR % 4
o7 o]y FHE& Ak Ao R AR ETh
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e AA =, v ske] wajek el dha Gl A
A A Aol 53], wiesle} o] o] sl
et AE2F2 73, 72712 8 S, A %
Frate}l w5le] ulE Soll thet Hddt AP} ool Aol &
RO Aztert

tlo I

O~

cto] QA S
AMOVA 4ol oJal], e fAdoe] 3 g &
= A E e 498 29, 5 Ade] 38kl Qe
FraHo] o] k2 A FHRIe)L] 69.4% Ao, HAA 9
30.6%7F A {4 Apole] 7]Q1eh= Z1 0= LHElITE
o] FA|5= ISSR FAIAF 41 ol vhe diollA gkld
ezt B3 o) viwsl] B, kA 2435 (62.8%, Hong et
al., 2000)$} SZ1(33.5%, Han et al,, 2005)0] H]aj4]= vt
SxO\}, Lonicera periclymerim (18.6%, Grashof-Bokdam et al.,
1998), d%+(11.6%, Hong et. al, 2003), Tetraena mongolica
(152%, Ge et al., 2003), =473 U5(18.7%, Jeong et al.,
2007) ol HleiA= ] 2 ] it a4 2
7F dojubar lES & AU
2ol lolA] fdwiole] ot = s Fo AEA
71
(e}

rl

s

A 9 AL} 202 qddto] Q= Zlo® kelA Stk =,
o] Y, e mts AEsh sk AEE, shtolv
TAL] ol gAY 1 AEFe] Aol ]

ol vlaiA e ZRAIRT fAdvio] 2
7 B3lo] Ari= AL 7107 ¥ aEal Itk (Hamrick et al.,
1992; Nybom and Bartish, 2000). ©]ol] ths+ Q1o g=
FE F32F wH7E QS o] FoIAHA T 5514
g 5ol olsl igst 4 Qe £44 wekE WAE] u)
Ql Aoz &A% v} QIth(Edwards and Hamrick, 1995).
e, A ofA oz Agjulo] Qlar Hdke] AT AL A&
o] A AR gt A 2199 v el of
3t 232 AnE sl Al 3 dojdria RauE ot
(Ellstrand and Elam, 1993). whebA], vhe] s} 3] wkzke]] -2y
she 4ds] w2 ] F47 Este] oish B et
ARlE 37] QA E 77 W WA 712 5o A - AEH A
EAE s A% Bt et A97F 8t E o v
g7} 71 o] w9 AlgtE]o] glom Ed&Row A
sh= slFFelehs Ao® vFe] & u X9k {34; W
7 A8t el vehd Akt g8 B S5 olvk A
WA 02 Nmgto] 1.0 olstol™ §-4a%4 -5 aif7h Ant
o7 I/ 2gsh= Z1 0 deiA] UTh(Wright, 1951; Slatkin,
1987). ¥ A4}, wh2]3ke] Nmghkd- 1.34% U2 2 &350
Hla) tha WA YER K Govindaraju, 1988) WHe]312] ekt
AL w57 DS H3he ARFelt) 53], vk skl Avt
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gk Zlo % et} webA, o] § v sle] i 54
Aot} FA; 547 tl=mo] {73820l 2Jg WA 54
SO A B3l YRS F= A om FHY

Nei2l 34 Az]e] ¢t UPGMA (Sneath and Sokal,
1973) 324 A3}, AgAkat Apgat, 2o HetitA)
AepBy o] 247 AE-S IS & A=A, A
AR AP ES] 7P 7)ol fiAshs FFoR
ettt whebA], Ao A A A eel f24 ARy

WA QR sk e wolch

v

0
RS

flo & 4

tdow ap7oll= B 83} 7= ofge sol H4
S| S7FEITE wEbA, 7 ek W veFdo] A 4
gk 0] JiA A o] Ak = Qe Al Hat
Aeke] FeRjo] Aawojof et 17 ov]olA], = 3]
Aol ek f34 vedat B3 JRo 242 F BES

A F AL SRk o 212 A 2

)

h

ol Rk £ i} A5k Bl ol ChHanick et al,
1991). AW 7717 L3} o] Aee AaFe] 44
S BHES| e E Thssheba W o) Joks
HESH= Zlo] a1, vhllE et 744 2spt 18] 34
b AR Aol §8H o] 1 S e
RESKE o] Frh, ol nlgeat 2% 29 542 Takgol
o =2 HuS $AH0 R HES= Flo] £ HE W)
B felshths nEAEst W Askaastd oz 7)xe
Zlo]th(Milligan et al., 1994; Hamrick and Godt, 1996).

T s AAIA 02 vl ARt Afeh= BAAEO]
U g FHAgo gAY BENX I} B wrhs Ay AE
2 02 w9 9Jokst 3| AA B Feke] BE5ke} 919 W
go 7 Qe /NAGTF At s FAleRE H 52 1ed
o) A HEE e A welv) B esheth ey g
o= APt shEolut A4S Eet A Wit

ol eHt FAAAE Eat g v o A% T4
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2lof| &l o] 4% 22 (pers. obs.) TF- k] 23} 4
T BS ol FoR ot o] wWesh A Bente
= A2 teFdE gRsb| ot e vske]
A2 ted& Alarskr] flsiAd= F241Q1 /i e dAe] B
(dynamic ex situ conservation)®} 2 H.r} A =2<Q1 tfjHo]
Q7 & A7E S8l v sk vE AEE Hlwe
18] 352 2] At 747 st dojukar Qe A
o e ER o] H2 §47] RS gEsy
1 _LT—J Aol A v 7iA1E s | Bk Ak
HAE thre] Aol Adikeh= Adk 915=2] BEo
13; S_J,]_zq% Aoz ket e, AR B A
HES S AT AR A 12 FF 18 A
Hop AR BHE Akl e flsiAe el A
547 ok §47] 33 27t g olok & Zlojrk wh
obA] vkejste] A FE3t Al A o AsiEz] A
of ool thgt AN A7t FE ] By g&Ao]a §F
22} B Hepo] R Eojof & Zlow Azt

E

(

o

L

l~> % filo
O

N

o o

12

Al AL

] AARE Tkl AR EA
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