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Cyclamen spp. D RAPD KLU ISSR

< —H—I(Z &k B FEEFEFR O

AAFAER]™ - FEFREM - MRS - FREHEE™ - BRIEMH=""

(F% 24 4F 8 H 22 A %AF/1% 24 4£ 10 H 19 052 #)

E# RAPD BLOISSREEIC LD, ¥ 7 T XY (Cyclamen) EWIZHBT LM B X MR OBIZNE R %
ML, BRBEAREE L. V7 I X VBB (C. persicum, C. coum, C.purpurascens, C. africanum,
C. hederifolium, C. graecum B X O° C. rohlfsianum) B L OCRZEZWMFE (C. persicum cv. H—IVV, x4 IT—
VT =) OFFTHE 24 BRIV T, 1THDOS VY FLATI5A<—BL1LHEOISSR 754 v —%H
W RUENT OFE R, 453 DNV FAMIE N, &TONY FTEEPALNTZ, ZTDHEH, 55 D8V Fid
TR RN TH o720 LT — 51230 AMOVA N ORGSR, @EIamERIGHEN L I THBITRE L,
FEDO AL R SN MTF—F IS X A2 BEAERIHELY 7HZ4 07V —TFh5Fbhiz, £2
T, WEMOADT— 5 272 UPGMA EIZ L 57 T A Y — BN AT o 7k R, THIZ3 DD 7 A5 —
PHRL, Y7 I X VBHNOWE % Psilanthum, Gryophoebe, Cyclamen 3 & U° Eucosme &3 %, BEHD
SRR E —F L7o AR, RAPD BXWISSR v — A —ZHWT Y7 I X VIEHNOHEFMBRZ R L2

ROOWETH Y,

INHER—H—ICL BT 7T A OO R TRIE LT,

F—77— K : Cyclamen J&, Random amplified polymorphic DNA (RAPD), Inter simple sequence repeat

(ISSR)

& =l

7T A (Cyclamen) &, 2753V IRT 25X V)G
B L, WEEZROLAERNY T, LR EZHOICH
ELTBY, HHMGARRONTVEZ ERG, Ll
7RERY, BRI A LT B Y, BRI 20 FEARRE
FAEL, ZORIIEHELED D2 D (C. purpurascens, C.
pseudibericum 55), WHEMED S D (C. coum 55), {LFEE
222 AH B b D (C. africanum %), FERPLEDH > T
%50 (C. rohlfsianum), FEADAEITJEhm 2 M5 > T
B bD (C. libanoticum) 7 EHHSNBY,

HARTIILAFTIZW2E L 2 L0 NEE L, BHN
TI3 200ha % 2 % [ CHRE SN, SER 2000 77 863 H
WENTWSEY, ¥ 792 VIZHEMBENEETH L0,
B0 FyBENHED S, 1965 129 H & Fim & 0 4
DRI E S NY, S 51, B mEd, O
TR BIZOVT LR AL HED 5N T & 225, BIERK
BashTwb vz g x v, WhiEdiEsEEo s (C
persicum) HUHENTTEZMHETH 227, HHETIE
BIZEFE720 TR AR (C. persicum) b RIS 7 5
A ] ELTARD S D liIclib s X 951272 % & Hik
12, C. hederifolium, C. coum 7% EMMOEFAFED T 5
Lotz EHIT, MERFIC XD B=AE L BPARC X

LRERMERE S SN, 22 T X v OBIGINEREE A
LTwb, 20O—J, NI TV Y T4 Y OBIZH%ETF
BRI 2HF5EIXIT & A EfTb L Tnin,

DNA £ 11 % FIH U 723885 B 4% D ffAT % it A il Al 3 i %
ORI TIThNT W B, FIZRAPD (Random Amplified
Polymorphic DNA) %, 7/ A OLE O DNA #%
WIS 52 L 2RI E LTERENY, ZOTFREHNS
B2 ot ol s X OSRRORE, SRia Bz I
WHNT X722, [EKIZISSR (Inter Simple Sequence
Repeat) & RAPD ~— 4 — L HEEOY 7T, 7/ LA
® SSR (Simple sequence repeat) R#HBZHIES 5 &
25T&, RAPD & 3EICHRANICY / 20 DNA BHIEH % 2
T3 HrIeRl, MHOTIA <=ty I THIZRICHD
W2 LATELD, HEMKIA N eFEE LTER
FRAT ISR S T 19,

VT AVOSRMAEIEZ, INFECTHEL X UOARNE
W= gt RIS IO W T, MR DA T LT & 727,
BIEFETIZY 79 AVIER AHRL T 5 200MEDN RS
NTBY, —Hid, JBITHRB X7z Psilanthum, Gryophoebe,
Cyclamen B £ 0¥ Eucosme WIg & 553 CTH 07 Mk,
Psilanthum, Gryophoebe, Cyclamen 3 & U Persicum W&
LY BHTH L MHTAE CRA B ML, WHOHED
Eucosme M) (C. persicum, C. graecum 3B X U C. rohlfsianum
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2Et) DL ALOMEBEDOSETIE Cyclamen TF
WZ&®, C. persicum % Persicum Wilg L L THIFTnw5hHZ
ETHb, T LZBIRICBWT, DNAX—A—%Hw
7Rk EIE, 58S ) R Y — A#ET-B L OITS (Internal
Transcribed Spacer) FHIRODZRIFENTIZIED  W|ED AT
HY, FLAEREATHRWY,

ZIT, AW CIENTRIZNZHEN ST SV T
A NZOWT, OB EIEWEHTZ TEICT A2 & %
R HEEL, Y252V B THEZMHIL, RAPD B
L OVISSR k& W CTHIN - BoBEMERZHIbL,
DFF IR % A L 720

MBS LUFE

PEEATEL & LT, RS R A IR S0 A W £ Al
R EBRAHEMEE TR D, 27 T A VR4
C. persicum, C. coum, C. purpurascens, C. africanum, C.
hederifolium, C. graecum, C. rohlfsianum 3 X 'R =
i C. persicum cv. 71—V, F2F T—IVF U H— VOt
7 Fii 24 AR % v 720

4 DNA OfiilE, £RMOHEH 01 g (HirfEE) 2 ks
FHCHEERE L, ISOPLANT I (= v R¥ ¥ =) O
H¥y b2 HWTIiiole 2% 10ng/ul DL L,
B DNA & LTz, PCR B IZ$HE DNA 2.4, 10x
Ny 77— 2ul, ANTP 2 7 A5 v — 1.6, K 1334,
75 4 <—1ul, DNA ;R 25—+ (TaKaRa Ex Taq) 0.5
=y FEELAF 20U &L T4 —1L, TV A
754 <—Tdh% OPA01~20 (Operon Co.) KO ISSR 7
9 4 <—"Td 5 UBC801~900 (The University of British
Columbia) TFiEE % L, BHEER/N Y K25 /2528
754 <—% w7z (Table 1)o PCR¥% A 7 ViE, 9%
LT FAR— 2 Hiya, BENAT 1S, 72—
Y7 38C 14, MERC 1% 19H 47 0ELT3IHHA
I W To 20 —F, ISSR 794 v =% Hwi-id, B
":94C 308, 7=—1 7 53C 14, ME72C 24r% 1
FA 7 NVELTIEHA 2 MAT-720 %8, PCRIZIE PTC-
100 (M]J Research Inc.) ZJi\v72. BIGH# T %, PCR HIE
FEW) 4ul % 15% 7 H 0 — A7 VEKIKE IS THHEL,
IF Y aTu~A FTI5 Mgt L%, UV
THogx Llzo 7B, ERLoFEBRIE3MRIEL /2.

SR B R LB RN Y FIZOWT DA, TOAMICHE
oOWTC, 1-0F =~ M) v 7 2R L, Fhzd
WA R OHENOBIZNEHEEZ KD D720, 77
r—3a ¥V 7 b GenAlEx6” % I\WT, AMOVA f##T
(Analysis of Molecular Variance) %17 - 720 1% 5 L7255
WrZ 99 EDS v F L= 25— 3 YT A DTHRE
L7z 518, HEMOLZ—271) v FHENIHERSWTH]
BALPH Y 2479 & £ 312, UPGMA #: (unweighted
pair-group method with arithmetic mean) 12 & O &t
Ve L 720

BEREPLUEE
R L72v 75X THIZBWT, 17HOT 5 uT

FA<—=¢, 11D ISSR 75 4 ~—%HWTPCR %217-
TAER, TRTOT T4 < —"CHE 453 OB R 255
57z (Table 1)o I ENZZWH OFTRTHLAEZRL,
TS5 A4 —U ) DERNY FEOEHIL 163 HTH -
72

Mt S 7Ny FoOZRMIZ XY, KRN OMARRICE
B ERSA LN~ FHOMEICIEBEL CALN
LR P Sz (Fig 1o W2 754 < —
28MDH B, 23754 < —CHFFRY RN FH5EE55
M &7z (Table 1).

ZOER T — 72DV AMOVA IC LY, #fni%
B RN L 72, R O 5B 5 0S5 D 685% %
HOTBY, FBANOME (315%) L ) AR (p<001) 125
Moize SOTEIX, TI T A VRN THREREGL)E
LTwbZ&&/RLTWS (Table 2),

M ENE My — % 23 LSRG TEZ W
T, HHMOEBHEZRA L. ZORKE, BEAEIFHES
EIZF LT, HOBECHUFEICLES T 57z (Fig 2).
% 132 o T C. persicum & FRLAOFE TR E i,
C. persicum TIXJEHE & 525 A O AREEASHAE I 50

Table 1 Sequence of primers employed and the
number of scored total and polymorphic
bands based on RAPD and ISSR analyses.

No.of
Name of Sequences Total No. of ‘ specific
primers 5'-3) no.of  polymorphic bands
bands bands for
species
OPAO1 CAGGCCCTTC 24 24 2
OPA02  TGCCGAGCTG 14 14 1
OPAO03 AGTCAGCCAC 16 16 3
OPA04  AATCGGGCTG 16 16 1
OPAO05 AGGGGTCTTG 11 11 3
OPAO07  GAAACGGGTG 15 15 0
OPAO8  GTGACGTAGG 21 21 4
OPA09  GGGTAACGCC 13 13 1
OPA10  GTGATCGCAG 19 19 6
OPAI11 CAATCGCCGT 18 18 5
OPA12  TCGGCGATAG 14 14 1
OPA13 CAGCACCCAC 14 14 1
OPA15 TTCCGAACCC 13 13 5
OPA16  AGCCAGCGAA 14 14 0
OPA18  AGGTGACCGT 17 17 1
OPA19  CAAACGTCGG 13 13 2
OPA20 GTTGCGATCC 17 17 1
UBC-807 (AG)sT 26 26 2
UBC-808 (AG)sC 21 21 1
UBC-809 (AG)sG 18 18 2
UBC-811 (GA)C 22 22 3
UBC-826 (AC)C 13 13 0
UBC-834 (AG)sYT 19 19 3
UBC-836 (AG)sYA 19 19 2
UBC-842 (GA)YG 20 20 1
UBC-861 (ACC)s 6 6 0
UBC-888 BDB(CA), 11 11 3
UBC-889 DBD(AC), 9 9 1
Total 453 453 55
Average 16.3 16.3 1.9
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M C.pper(c) C.per(n) C.cou. C.pur. C.afr. C.hed. C.roh.

(A)hn

C.gra.

Fig. 1 RAPD banding patterns produced by OPA-11 (A) and UBC-808 (B) with individual samples of
Cyclamen seven species. The arrow shows the specific band for each species. M is a 100 bp
ladder DNA. C. per. (c) : C. persicum cv. Carlso, C. per. (n) : C. persicum cv. Neo-golden-girl,
C. cou.: C. coum, C. pur. : C. purpurascens, C. afr. : C. africanum, C. hed. : C. hederifolium, C.
gra.: C. graecum, C. roh. : C. rohlfsianum.

Table 2 Analysis of molecular variance (AMOVA) for RAPD data sets showing the variation
apportioned among and within species.

Source of variation d. f. Sum of squares Variance Perceptage of Probability
components variation
Among species 7 912.333 38.461 68.5 <0.01
Within species 16 283.167 17.698 315
Total 23 1195.500 56.159
I .
3.55 o O C.persicum
x  C.persicum (garden variety)
f W C.coum
2.29 A ® C.purpurascens
O C.africanum
A C.hederifolium
A C.graecum
1.03 - A
AA + C.rohlfsianum
+1+ N
-0.23 CJ @©
0o X %
-1.50 AAA
-2.76 T T T T |
-1.81 -1.11 -0.40 0.31 1.01 1.72

Fig. 2 Quantification theory (Suryoka) III based
using RAPD and ISSR markers.

B P E N7z 8 28D F NI C. persicum LA
DOFEDVIEB U720 C. graecum B X O C. rohlfsianum, 0%
2 C. africanum, C. hederifolium 3B X O C. purpurascens
BENENHENE I ES TN, £0—F, C
coum \IFFITEENTHLE DV 7z,
BRI BT 2 HEME 2 5l 5 720, C. persicum O

on polymorphic data of seven species of Cyclamen by

RS EZ RV T =Y BT AT — T 247 o 72
(Fig. 3)o ZD%ER, C. coum W&, K& 22007 )V —
TN Tz — &, C. persicum, C. rohlfsianum B £ O
C. graecum 75 7% V), W)51% C. africanum, C. hederifolium
BLUC. purpurascens 7 5% 720 Wi D7V — T, C.
persicum & C. graecum 7585 27 5 A% —IZ C. rohlfsia-
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species subgenus
1 C.coum Gryophoebe
L|: C.rohlfsianum
Eucosme
— |—— |C.graecum
| .
’ C.africanum
—': ’ C.purpurascens
| Cycl
C.hederifolium yetamen

—
006

Fig. 3 UPGMA dendrogram based on genetic distance
estimated by using RAPD and ISSR among seven
Cyclamen species.

num DN o120 —T, BED T IV— T C. hederifolium
& C. purpurascens 7 5% 7 5 A ¥ — 2 C. africanum
WEEDS > TR S N7z AWIFE T, Psilanthum WE &
ENBFIEA L T b o0, Hwficsiis s 7
A Y =DM, 7 F A VIE% Psilanthum, Gryophoebe,
Cyclamen B & O Eucosme D 4 W5 & 35 3% LT 5
R Loz Thbb, C persicum IMI LT T A
=% T 5T &%, C. rohlfsianum B XU C. grae-
cum EINZF L E B0, C. africanum, C. hederifolium
BLOC. purpurascens O 3FEE—D2OD 7 5 A ¥ — %
L, %279 RX5—%BRT DM, FNZFN Eucosme i
J& B X O Cyclamen Wi)F & 3 % ANDERBERG (1994) DFik
—F L7z E512C. coum \ZMOFEA & BN THLE DU
5, Gryophoebe Mg & L CHIHiE & 342 & 254 %
WRTHoTze T, RERIEIS58S )RV —LA#IETH
L OVITS B O L WFATIC D R e b —F& L 72" C
persicum, C. graecum B X U8 C. rohlfsianum O Fett ks
X, TNEFEN2n=48, 84 BX 96 TH Y, HEARYMAKE
x=12 ORFEEAEN» S % IR (Eucosme) & L THE DT
BT ENTELYY, —%, C. hederifolium & C. purpura-
scens 13 B2 2n=34THVY, C. africanum ¥ 2n=34 F
721268 TH Y, x=17 OREH N5 % 2HE (Cyclamen)
ELTEEFE D MA, C ocoum it 2n=30(x=15) & LT,
RO E XS 5ICZ LR RBHRENTHL L) 2
b, K7 FAY =T CIRIKS N2 7 NV — T DR %L
FLTwa,

oz thn, RAPDBIWISSREIZEY, ¥ 275
A Y BOMOFFBMREZHEETE 5 I EAURE NIz, IS
58S U AR Y — AT B L O ITS I D % RUFENT 12D
CHEFRE—HLAZDZ E1E, RAPDB X WVISSR ¥ — 71 —

2L B HOBIZIFFMOAMIEEZRL TVWEH, 2D LI,
AREFFE T O NI RN 2~ —h —OFEMMEZ RIET 5
LOTHH D, HHRM R &2 X ) BRI S LT
WhHY T T A IIBWTIE, TERIICHERE O (a1 O
BEEPHETIOLEZ LN, Thbb, Mz I
T2 EDREE UL, EH L2RERRREICE TS
MAREPEDRERR D A7 5, SRR OPRERHMERE - ORI
BUCTOEME 5. B2, RAPD 5 & 0 ISSR #: 1 24
12, HOFRIAT) 2L DTE L Z LS FEEFE W E
W3R B REIETHONMERY~Y — 7 —OFERE S
S5ICED L7z, BfE, <—H—® STS (sequence tag
site) fbZHAA TV S,

5 Rk
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Genetic Relationship Based on RAPD and
ISSR Analyses in Cyclamen ssp.
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Summary : Random amplified polymorphic DNA (RAPD) and inter simple sequence repeat (ISSR)
techniques were employed to estimate the genetic variation and relationship among and within species in
seven species of Cyclamen. 453 bands were scored by 17 random primers and 11 ISSR primers used for
analysis, with all bands (100%) being polymorphic and 55 bands specific for a species. Based on the
polymorphic data, the among-species variation was larger than the within-species variation. Quantification
theory (Suryoka) III showed that seven species were divided into four separate groups. Furthermore,
unweighted pair-group method with arithmetic mean (UPGMA) analysis based on the data of only wild
species formed three subclusters, which agreed with one of the hypotheses classified within Cyclamen
genus. Our results indicate, for the first time, the genetic relationships within Cyclamen genus following
the application of a RARD and ISSR marker, and the efficacy of RAPD and ISSR markers to distinguish
species in Cyclamen.

Key words : Cyclamen, Random amplified polymorphic DNA (RAPD), Inter simple sequence repeat (ISSR)
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