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Table 1. The original and name of 29 flowering cherry cultivars used in this study

Locate Country
No.  Cultivar name Scientific name of material of origin
1 Wu-sheh Ying 1 il i 1 Prunus taiwaniana Hayata Wu-sheh Taiwan
2 Wu-sheh Ying 2 FEiil 1 2 Prunus taiwaniana Hayata Wu-sheh Taiwan
3 Wu-sheh Ying 3 it 3 Prunus taiwaniana Hayata Wau-sheh Taiwan
4 Wu-sheh Ying 4 Ziitt# 4 Prunus taiwaniana Hayata Wau-lin Taiwan
5 Wu-sheh Ying 5 Ziit## 5 Prunus taiwaniana Hayata Wau-lin Taiwan
6 Wu-sheh Ying 6 Zjif# 6 Prunus taiwaniana Hayata Wu-lin Taiwan
7  RyukyuYing 1 BREREE 1 Prunus campanulata cv. Ryukyu-hizakura A-li-shan Japan
8  Ryukyu Ying 2 Hibki 2 Prunus campanulata cv. Ryukyu-hizakura Wu-lin Japan
9 Jyi-yee Ying FHHFHE Prunus x yedoensis cv. Yedoensis A-li-shan Japan
10  Da-dao Ying KE## Prunus lannesiana Wilson var. speciosa A-li-shan Japan
11 Taa-shan Ying 5[ B2 Prunus obtusata Koehne A-li-shan Taiwan
12 Puu-shyan shianq Ying % &5 Prunus lannesiana cv.Albo-rosea A-li-shan Japan
13 Jau-her Ying HHEFI#E Unknow Wu-feng Japan
14 Pink lady Unknow Wu-feng Japan
15  Lan-yeu yee Ying [RilfH7fE Prunus grisea  Kalkm Lan-yeu Taiwan
16 Taiwan shan Ying 1 E8L# 1(0) Prunus campanulata Maxim Wu-sheh Taiwan
17 Taiwan shan Ying 2 5181 [# 2(fL) Prunus campanulata Maxim A-li-shan Taiwan
18 Taiwan shan Ying 3 518 L1#E 3(40) Prunus campanulata Maxim Rona Taiwan
19 Taiwan shan Ying 4 518 1#2 4(40) Prunus campanulata Maxim Rona Taiwan
20  Taiwan shan Ying5 & (188 5(#p%L)  Prunus campanulata Maxim Li-shan Taiwan
21 Taiwan shan Ying6 ’F VL 6C55T)  Prunus campanulata Maxim A-li-shan Taiwan
22 Taiwan shan Ying 7 "\,?ﬁp A 7GD) Prunus campanulata Maxim Liow-guei Taiwan
23 Taiwan shan Ying8 F ,ﬁp 15 8 (k%" Prunus campanulata Maxim Liow-guei Taiwan
24 Bai shan Ying [ 1[4 Prunus campanulata Maxim Ba-ton-gum  Taiwan
25 Chorng bann shan ying 1 g?‘ﬁ[[ Prunus campanulata Maxim Feng-yuan Taiwan
26 Chorng bann shan ying 2. F1{54! [+ Prunus campanulata Maxim Wu-feng Taiwan
27 Chorng bann shan ying 3 FIZA! [ Prunus campanulata Maxim Rona Taiwan
28  Chorng bann shan ying 4 Fi##H! [ﬁg Prunus campanulata Maxim Shin-sheh Taiwan
29  Chorng bann shan ying 5 E1{#¥4 1% 5 Prunus campanulata Maxim Wu-feng Taiwan

DNA Z#EY 5%

TER MR ERICHT IE Y BBEE 0.1~0.2 g - FIIFIMKRER NI /KEZE: - FERFERORI R - DA 65°C DNA 2
AYAEEE [100 mM Tris-HCI, pH8.0; 20 mM EDTA; 1.4M NaCl; 2% (w/v) CTAB; 1% (v/v) PEG6000 ; 0.5%
(v/v) 2-Mercaptoethanol] 600 ul - @i‘@ﬁ’ﬂ?ﬁ IR 65°C ki #iHR 30 min - HUHFFEEER - 1A 600 ul
chloroform-isoamyl alcohol (24 : 1> v/v)JE%Z] > L1 9,000 rpm (MICRO 240A, Denville Scientific Inc.)g.[» 10
min - Y b & KB HTHY ﬁa%’ﬁb B A 400 pl 9 FEPAEE (Isopropanol)iE =) » FELEL 9,000 rmp HELs 10
min o £ _FEW 0 IIA 1 ml BYLEIREEEK (washing buffer) [76% (v/v) ethanol; 10 mM ammonium acetate]
THVEILIRY) - FFLL 9,000 rmp HEC 10 min - 5 BWR - YRR AE 2202082 - YRBBAIVERY 50 pl TE #E{E
¥ (10mM Tris-HCI, pH7.4; | mM EDTA)H > JJIA RNaseA - fii HfR &R iR 50 mg/ml > i 37°C P E 1
hr K DNA #%8 100 £5 » FHIEE L EEHIE ODyeo BIEIE » 515 DNA YRR -
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BEEE=EHNME (Polymerase Chain Reaction, PCR)ELEE 5k 90 #f

LA 30 ng #Y genomic DNA E it - 75 [ EVSMRAERE I 30 pl FREfT R G B SH B E - Ay
514745 10 mM Tris-HCI » pH9.0; 50 mM KCI ; 0.1% Triton X-100; 2.5 mM MgCly; 200 mM dNTP (dATP,
dCTP, dGTP, dTTP) ; 0.2 mM 5[F (primer)}z 0.5 unit Taq DNA polymerase (Promega, USA.) » 5| T
Operon kit (Operon kit: OPAA-OPAE, OPA-OPJ it 300 {68) » G fE¥SW LG ANA 50 ul AUREYm - B A
DNA 255 #% (STRATAGENE, RoboCycler Gradient 96 Temperature Cycler) 1 o |57 IR B {54 94
‘C 3 min—37°C 1 min 20 sec—72°C 1 min 20 sec * F & —fE{GEE (cycle) ; FHLL 94°C 1 min 20 sec—37
C 1min 20 sec—>72°C 2 min 20 sec > #1T 44 AEIR > KFETREEHEBIRFR 4C IR

HY12 pARE o SR S R JERYDNA - AL RS E ik~ (loading dye, 30% Glycerol;
0.025% Bromophenol blue) » [11.5% MEf5EHS (Agarose, Boehringer Mannheim GmbH Germany)3E{TEE
vk > BEREFI30 min - EE¥k % L0.5 mg/ml ethidium bromided:{f120-30 min > JAUVEE NEIXIBHEDNAZL A
FrE% » WA B Br 72 A Kodak Digital Science ID Image Analysis (Eastman Kodak Co.)s2 8041 255 »
ITERLE 31T -
=S bR

& Jaccard (1901) i #2 .2 tHALREEEH R A X B & REFHEAYAEDUE - HAXATT ¢ Nab/(Na+
Nb-Nab) » HHH Na ZEAR a BYFRTFE > Nb ZARA b BUBRTFE > Nab A a F1 b IERVERATEL - K
BE R AT B AR R R AR LB B L

AR NT-SYS #kis A e A R INMHE S (unweighted pair group method with arithmetic mean,
UPGMA)ZRETH HBCK DNA Fr Be R U 30 2 37 Hog i B AR E -

m R

ERYFERE
HiE L (Prunus campanulata Maxim) Ry #7E i fe & FARIRTF @ S K # - BRk et s an
'Okinawa' (150 chill unit, cu)Z BI{EHAAEELER (Sherman et al. 1988) » HEER 5 18 LI 2 (K IR FF SR BB AR
50-100 cu Z[H - GE I LEIEHIT - TERBMAT - K PRI EEBEILT - 58— VB A%
R ST SR A S - K 2 FIH 23 29 MEHERER ZFAIEH - TE49PRE ~ TBiR - B RE
TR~ REEHE KRR - FAIEH P B A S RIRTR IR ECER - G | sRE &Nt - 12
H MR S0%TEAAENR » R 2 EHE I B E R 7 - M HMER TR KEALEy 50 cu - Arii#r
RO LA R ME R T B AR b - TEB RIE B 2SN - SEILBESEEYIEE 5 1993)
GEBAGE (B 1994) B HEHRLATE ~ LB Em IR B GCH - (HAE S EM ERE S
FEHEEEICRAAE - RNEEEIALE ~ WAL - TEIREA G2 AR F AL 2 B AR R Ay L1
G - B LR 2 B9 6 S B RASR EAE i TR IRl B Rk L R 5 i L 3 AUFESR B EOT
AHMTURERE M - EEAEENR S 588 4 R R B R EESE LR 3 5K a8 S &
6 Rtk H AL LR B B LRy AL e 5 v LA 5 S i 7 SR N ER - REEWRIR - ATERIRFR S
PEEEEA S 8 IR NI - B AL G - BET  FHMARERNE > ERHESMK - 8
HLHEER B/ GERE - ER B AL A LRI RN T g 5E 5 LB A A O BB AR AR - TE R REESC
FRHECE TR AL LR M T S L NPT - R Ar )/ GBS — B0k - SRR 0 L
fetos b — a2k B BRET - 1 LHREER R AR B Sl Bt | - (B HR B eV IR 850 m HYFERR Bz 90 m
HIEIEEREIEE AT - HY IR S LI —30 BEHEB AR ERENE - SRR EANRE
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Table 2. Tree and fruit characteristics of flowering cherry genotypes used in this study

Flowering  Flower Flower Flower Flower Fruit Fruit
Cultivar name date” type shape color fragrance color taste
Wu-sheh Ying 1 A4 1 early Mar. ~ single flat white none violet black  bitter sour
Wu-sheh Ying 2 A 2 early Mar.  single flat white none violet black  bitter sour
Wau-sheh Ying 3 F&n early Mar.  single flat white none violet black  bitter sour
Wu-sheh Ying 4 A 4 late Mar.  single flat white none violet black  bitter sour
Wu-sheh Ying 5 55 {'ﬁ? 5 late Mar. single flat white none violet black  bitter sour
Wu-sheh Ying 6 A% 6 late Mar.  single flat white none violet black  bitter sour
Ryukyu Ying 1 FZME 1 mid. Mar.  single campanulate  pink none violet black  bitter
Ryukyu Ying 2 FI5M% 2 mid. Mar.  single campanulate  pink none violet black  bitter
Jyi-yee Ying ?,Eﬂ"’ﬁ? mid. Apr.  single flat white pink none greenish red  bitter sweet
Da-dao Ying kﬁ,ﬁ? early Apr.  single flat white none violet black  sour
Taa-shan Ying ;]! [# late Mar.  single flat white none red bitter sour
Puu-shyan shianq Ying ?'i TG late Apr. double flat pink none  ---—- e
Jau-her Ying ﬂﬁﬁlﬁ? mid. Apr.  single flat pink none yellow red bitter sour
Pink lady mid. Feb.  single flat pink fragrant  yellow red sweet sour
Lan-yeu yee Ying [R5 mid.Feb.  single flat white none black bitter
Taiwan shan Ying 1 T'iﬁ[' # 1G7)  late Dec.  single campanulate  deepred  none violet black  bitter
Taiwan shan Ying 2 T'iﬁ[' [ 2(G7)  early Mar.  single close pink-red  none violet black  bitter

campanulate

Taiwan shan Ying 3 ’F VLR 3GT)  late Jan. single shallow cup  deepred  none violet black  bitter
Taiwan shan Ying4 ’F L 4GT)  early Feb.  single campanulate  deepred  none violet black  Dbitter
Taiwan shan Ying5 ’F VL S(BSRT) mid. Mar. single campanulate  pink none violet black  bitter
Taiwan shan Ying6 ’F VIR 6(F57T) late Mar.  single campanulate  pink none violet black  bitter
Taiwan shan Ying 7 T'iﬁ[' #7G7)  late Feb. single campanulate  deepred  none violet black  slightly bitter
Taiwan shan Ying8 T’}ﬁﬁ % 8(k5%7) mid. Mar. ~ single shallow cup ~ pink none violet black  bitter
Taiwan shan Ying T VLR D early Feb.  single campanulate  white none yellow bitter
Chorng bann shan yingl E1£{ /[ 1  late Feb. double campanulate  deepred  none violet black  bitter

Chorng bann shan ying 2 F1£4[#2  late Feb. double campanulate deepred  none = ----- e
Chorng bann shan ying3 E1£{[##'3  late Feb. double campanulate deepred  none = ------ e
Chorng bann shan ying 4 F1{{ ! #4  late Feb. double campanulate deepred  none = ------ eeeee

Chorng bann shan ying 5 F1{£{/[# 5  late Feb. single campanulate  deepred  none violet black  bitter
& double

* 50% of the flower bloosm.

k2R~ T L LR R At o v e A AR B R 223 B A i - BRI T B LR T 4 = 0
HERE o S LR R B A S LA 1 B H > R HESS AL - FERRD » RETHR - &
e LA 1 R A A7 %9 U3 BOTEE G R - S 8 R M0 Ry (R IR A E Al L B BEABA -
LA S AUIEMR AR A - et RO ERE - R R B eE DL R E S E
AR — 8 R R R

Fit# (Prunus tawaniana Hayata)1-3 £y % B it < A [F Bk - 4-6 Kotk B 6l 2 AR AR - /NE
AR AR Lt 2 Rl BRERME (Prunus campanulata cv. Ryukyu-hizakura) s jiI$k 5 4111k ] B
bl - YR RIS AE - Kol i IR BT - HE7# (Prunus x yedoensis cv. Yedoensis) ~ K&
B (Prunus lannesiana Wilson var. speciosa) 2 % & %% (Prunus lannesiana cv. Albo-rosea)ff H [rf B L
il o Ry H AR B AT OG- BENIEER Pink lady R fEAEMEH0E A4 Bt H AL i
JRATARA%E » AR FIREZmaS - B AL R > #ATRSE - Pink lady il
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REARMHEEETR  Nafe R HETE Sk EE L SR AT LH A - B (Prunus
obtusata Koehne) il (I EF £ (Prunus grisea Kalkm) Ry 158 J5{ A4 AR Rl 4H - Bl HCAth 22 5 Sl A [F) BEAE Y
ZHEE RN -
RAPD 4} 4f

LA Operon kit OPA-OPJ, OPAA-OPAE 4k 300 fie5& %5 |- i il Ba skt - 152] 11 5[5~ (OPA 13,
OPG 16, OPH 3, OPH 8, OPH 18, OPI 6, OPAA 1, OPAA 15, OPAB 3, OPAE 10, OPAE 14)% 2 EaH 2
DNA 7] 23 % R H B AT - Ht 11 {85 |7 AT #R3HT RAPD EEWI{E B VKIB Fr LAESL AR 147 {8
AP R Erp B BRTT 121 {58 o f 82.3% o TR {EEEMES [T RN AT DNA fBRIFHAE 10-16 iRz
il » B R/ A 200 bp 2 1700 bp - BEGT S - FrffiEryEM S [ 7-LL OPH, OPAA J OPAB =if{liy
PERIRUR BT (3% 3) » DL OPAALS 5]F-#E1T PCR SCMERESRIES 11 RN v By Hrh R & ] (g 1
BRI EF AR R 5K F B (650 bp) ([ 1 Jz 5% 4) OPH3 5| F-fiiiifi A £ 7 2 B4 DNA Fr B Horfr 850bp
& Fr Bk v B B REARRE L R E AT (18] 2 23R 4) MG 11 e bn |7 b il R IL 15 OPHIS (700),
OPG16(1000), OPI6 (1000), OPH18 (420), OPH3 (850), OPH18 (850), OPAA1S5 (650), OPAE14 (350),
OPA13 (1000)55 9 fie % 801 DNA FrBg » R BRERIE ~ T BP AR ~ BT B 5 3 (AR E iR g B B AEE -
Ay BEAH R A b 5 R R DNA FrBe - A6 —HERY H18(700)F1 G16(1000) » HrhFEit#E 5 & 6
RHAFEEY 16(1000) » 55 =HEGE LM 6 K 8 BEfEAY A13(1000)(5% 4) -
BgBEE S

R ESEINY 11 FRERS T H RAPD EWEAC 147 [EvIHHER AT - M7 R IR 191%
(unweighted pair group method with arithmetic mean, UPGMA)FEEE53HT » iDL Jaccard’s AR B (R 843
Bt > ARG B EA B v e ] o SE AR LR GRS o P DURR B PR (similarity coefficient matrix)i§ 5AH
LRERSIRE (dendiagram) » AHURE (R BUBL R ASRBUE A FRBLT « 70 AT A5 IR 29 MEHEAEREIE P 20 F DU
FRrEAEFEAE 1-6 ~ SRS AR - B/ (E S G BR T EEPEEE HARSL - HER
Ry 5 A =g EAC S - PR B Tk S aCRE R TRt B2 B s 35 LR B o (Y 75 e A2 e
PRI » SR RERBREREE 1-2 ~ #EX L - pink lady ~ FERIEERIR BARENE H AR - 28 =R E
5 9 (8 B v LA R S {18 R AL LB R o RIS MR BB DU o BB =R Ry i LA P A B KB

3 3. 11 {& RAPD 5|FfE ML AL T _HgRE R
Table 3. Observed polymorphism with 11 primers used for RAPD analysis in 29  flowering cherry cultivars

Primer Sequence No. of polymorphism No. of Band size (bp)
Primer code 5—3’ bands amplified bands Min. Max.
OPA 13 CAGCACCCAC 15 16 200 1700
OPG 16 AGCGTCCTCC 9 13 350 1400
OPH 3 AGACGTCCAC 7 11 430 1500
OPH 8 GAAACACCCC 9 11 410 1400
OPH 18 GAATCGGCCA 8 10 390 1600
OPI 6 AAGGCGGCAG 13 15 280 1300
OPAA 1 AGACGGCTCC 14 16 270 1350
OPAA 15 ACGGAAGCCC 11 13 310 1380
OPAB 3 TGGCGCACAC 13 15 390 1500
OPAE 10 CTGAAGCGCA 11 12 310 1450
OPAE 14 GAGAGGCTCC 11 15 350 1650

TOTAL 121 147
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Table 4. Specific RAPD fragments of flowering cherry cultivars

Cultivar Primer revealing specific fragments (base pair)

Wu-sheh Ying 1 it 1 H18 (700), G16 (1000)

Wu-sheh Ying 2 FEiit i 2 H18 (700), G16 (1000)

Wu-sheh Ying 3 ZEiiti# 3 H18 (700), G16 (1000)

Wu-sheh Ying 4 FEiit i 4 H18 (700), G16 (1000)

Wu-sheh Ying 5 #Eiit % 5 H18 (700), G16 (1000), 16 (1000)

Wu-sheh Ying 6 ZEiti 6 H18 (700), G16 (1000), I6 (1000)

Ryukyu Ying 1 BBk 1 HI18 (420)

Ryukyu Ying 2 HiZki 2 HI18 (420)

Jyi-yee Ying T HFAE H3 (850), H18 (700), G16 (1000)

Taa-shan Ying #&[1/# H18 (700), G16 (1000)

Lan-yeu yee Ying [HE7# H18 (850), AA15 (650), AE14 (350)

Taiwan shan Ying6 15318 6 (Fp%L) A13 (1000)

Taiwan shan Ying8 ‘5[ [IEE8 (§34D) A13 (1000)

M 1234585678810 1121314 15 M MIB1718192021 222324262627 2829 M
- — - bp

3000
1500
500

1. DUOPAALS B3| 29 fEHEFESLTE RAPD el

number in Tablel. M= molecular weight marker.

M123 456 78

9 10 11 1213 1415

T, g

A -— - -
- - e e s

. e N -

- .

2. DL OPH3 By |7 29 fEAEFESLE RAPD [ElFE

in Tablel. M= molecular weight marker.

> (1~29 FoABIELRE AR -

° (1~29 R tBAEALREAUSR -
Fig. 1. RAPD patterns of 29 flowering cherry cultivars obtained with primers OPAA15. Line numbers at top refer to the

AR L)

M MIBEI7 18192021 223 24252627 28 259 M

| w = 3 == S hp
3000
B - — % o 1500
A T IfTIIIIITE
- 500

FERE L)
Fig. 2. RAPD patterns of 29 flowering cherry cultivars obtained with primers OPH3. Line numbers at top refer to the number
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EDIFE R ACHHECE o0 Ry VOB B R - RLAEEE HAES AR —En i - PIRYRLAEAY SR —RE R - Bl
AR 1-4 pl—nnfif - B BHE PRI M LA 5 B R—aifE (8 3) - ERT ATy 29 fEn iy - 8
EAH U ARB Y 0.13-0.93 (28] » EHMEILAR 2 A1 3 Sk - BRI RylRl— k% o DRIBLER 12 B 5L
it AR G R G A A (DURE (R B Ry 0.13 - BB PR E -

I: Wu-sheh Ying 1
Wu-sheh Ying 2

Wu-sheh Ying 3

Wu-sheh Ying 4
{ Wu-sheh Ying 5
Wu-sheh Ying 6

Taa-shan Ying

Jyi-yee Ying
— Ryukyu Ying 1
- Ryukyu Ying 2

Puu-shyan shianq Ying

— Pink lady

Jau-her Ying

Da-dao Ying
Taiwan shan Ying 3

Taiwan shan Ying 4

Taiwan shan Ying 7

Bai shan Ying

Taiwan shan Ying 1

Chorng bann shan Ying 1

Chorng bann shan Ying 2

Chorng bann shan Ying 3
Chorng bann shan Ying 4

Chorng bann shan Ying 5

Taiwan shan Ying 2

Taiwan shan Ying 5
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Fig. 3. Dendrogram illustrating genetic relationship among 29 flowering cherry varieties, constructed by Jaccard’s distance and
UPGMA clustering method from 147 RAPD markers.
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Evaluation and Genetic Relationship Analysis
Using RAPD on Flowering Cherry Germplasm'

Ien-Chie Wen** and Ching-Yi Chang’

Summary

Wen, I. C. and C. Y. Chang. 2005. Evaluation and genetic relationship analysis using RAPD on flowering cherry
germplasm. J. Taiwan Agric. Res. 54:245-256.

Taiwan cherry (Prunus companulata Maxim.) with the reddest flowers and less chilling requirement in
the world, is an important parent in breeding cherry and flowering cherry. In Flora of Taiwan, Taiwan
cherry only has red, campanulate flowers record. In this research, we collected Taiwan cherry with white,
pink and light to dark red, close to open campanulate and slightly upright flowers for futher breeding use.
The genetic relationships of 29 flowering cherry cultivars were analyzed by using RAPD markers. A total of
300 primers were screened for their ability to produce strongly amplified products. Out of 11 primers
amplified 147 DNA bands, 121 of which were polymorphic (82.3%). A dendrogram based on the UPGMA
cluster analysis was constructed. All tested flowering cherry cultivars could be divided into four groups,
including 2 groups of local varieties, 1 group of local high chill varieties with one Japanese variety and 1
group of Japanese varieties. Chorng bann shan ying 2 and 3 have the same polymorphic DNA band,
indicating they may be the same variety. Chorng bann shan ying 2 and 3 and Chorng bann shan ying 4 had
93% similarity indexes, indicating the closest genetic relationship. Nevertheless, Lan-yeu yee Ying (Prunus
grisea Kalkm) having 13% similarity indexes showed the farest genetic relationship with other tested
flowering cherry varieties.

Key words: Flowering cherry, Germplasm evaluation, RAPD.
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