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Abstract: [ Objective] Find a reliable molecular marker to identify Bougainvillea cultivars that are difficult to distin-
guish, due to cultivar richness and cultivar homonymy and synonymy. [ Method] A total of 15 simple sequence repeats
(SSR) markers were used to amplify DNA samples from 131 Bougainvillea cultivars. SSR amplicons were detected by a
capillary electrophoresis method. Cultivar polymorphism and genetic distance were calculated ; they were used for cluste-
ring analysis and fingerprint construction of all the 131 cultivars. [ Result] A total of 85 different alleles were collectively
generated by the 15 SSR loci, averaging 5. 60 alleles per locus. Shannon’s information index, observed heterozygosity
value, and expected heterozygosity value ranged from 0. 38 to 1. 53, 0. 11 to 0. 94 and 0. 16 to 0. 73, with an average of
1.04, 0.50 and 0. 57 per locus, respectively. The polymorphism information content ranged from 0. 15 to 0. 69, with an
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average of 0.51 per locus. The genetic distance between cultivars ranged from 0. 00 to 0. 65, with an average of 0. 33.

Clustering analysis showed that most of the cultivars within a species tended to fall in the same cluster, but some culti-

vars of the same, whereas certain cultivars from different species were grouped in the same cluster. Several pairs of culti-

vars were either homonyms or synonyms. Only 11 SSR loci were shown to be effective for identifying the 131 cultivars;

thus, the molecular fingerprints of all these cultivars were constructed based on allelic combinations of the 11 markers.

[ Conclusion ] Further research should be conducted to verify either the Chinese or Latin names of some suspicious culti-

vars. SSR-based fingerprints of Bougainvillea cultivars constitute a reliable technique for cultivar identification, registra-

tion, and intellectual property protection as well as for cultivar clarification in production practices.

Keywords : Bougainvillea; cultivar classitication; SSR; fingerprints; genetic relationship

LKA B ( Nyctaginaceae ) M- 4E J& ( Bougain-
villea Comm. ex Juss. ) FHYIFEFRF AL, XFRMHF
16 U B = A g AU AL S A ek dk 2y 18 Fil
(http ://frps. eflora. en/frps/Bougainvillea ) , %5 A 48
il ARG RRFNZL 22 b 300 2412 T AL B PR R
IR FRAE 19 20 80 AF AL BRI 51 Fh 31 &5
W MWRER A R R L R
CHMEE (N E) (B. glabra ¢ Elizabeth
Angus’ ) . KZL’ (B. glabra‘Rosa’ ) ¢ RAETRLL’
(B. spectabilis * Crimonlake’ ) . ¢ KAELHK % (B.
spectabilis ‘ Senjakala’ ) | ¢ ENREER (B. X buttiana
“Chitra’ ) Il X4 (B. peruwviana ‘ Thimma’ ) 55
100 ZA iR, 5210 46— MRy A5 A, 2n = 481
FIAER AL 200N, AE B AR A% AR, @ A
SRERY TN T AR S ARAFHR o LA IR, H iR %
18 266 O 3 it i bl 2 AR BC5R S A A5 Oy AR
PR — S SRR s o AT S E, IR,
W T AR iy 44 AR TR 9 S5 44 R T) 44 S 4
R F AR PR HE) ORI A 77 i R A S
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fij B Fy 31 75 & ( simple sequence repeats, SSR)
AN FIF R 1~6 MM EE P, B
AR R IR 2 R E M A A AR
AT, SSR AT RASE o 2 Al AR HEAT ARSI, L Bk
THEH W4T 5 G Wk 2 N ( polymerase chain
reaction, PCR) \FF7EM 743 |3 i 6 40 48 vl Dk ik
15 PCR Py ny B sl A6 I H A A 5 2 e 2500
AL BT, BT F AL SSRH B Ik B AL
y]ﬁﬁﬂ:‘_ﬁ'i%(Malus Mill. )[9] \ﬂiw‘%(}?obinia pseud-
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( Pyrus spp) "> FRk#% ( Corylus avellana L. )" %
ARAEYI I S Bh 48 SRS E WESE

O — L5 F AT T R AL R %, a0
Richa 25" I I BEHLY 1% £ 25 DNA #3140 (ran-
dom amplified polymorphic DNA, RAPD) X 21
FOHEAT IR 3T, 25 s e 551 R i 20 5 42 T 47

[B]4 3% (inter-simple sequence repeats, ISSR) #5ic
HEAT T 68 A iRl 1 2R 3 43 A5 VAR A 451 R
SSR ARICHESE 1 18 DAL S, B2, B
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0, E B AT S SR R o T E, U
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C A TR 52 M AR T S AL T R i 2 285 |
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SSR AR T 131 SRR A I > FHR 80, |
T8N 5 0L i ol ) 75 28 8 AR S A B2 (R bl |
E AL % N E S

1 MR5%i%

1.1 #EYWHPKEE DNA $2EFD SSR #Ric SLIE

ZARFEMAEMF 1314~ (FF 1), Hd 18 4~ (F
1~ 18) BRAF TP A I XM Bl B 5%
Bi, HE TR SSR Aric i 2 FErERm > 113
DTS 19~ 131) PRAF T rp [ By Ol B 27 B 74
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Fric RS9 Hex 5% Fam %€ 9684 ( Ther-
mo Scientific, ['#), PCR W IAZR (10 pL) L=
ZHk[12]. PCR P #FEF.94 C 2 min; 94 C
30 5,60 ~ 55 CHEAPEIRFETE 1 °C 30 5,72 °C 30
s, 3L 6 MEFR ;94 °C 305,55 °C 305,72 C 30 s, 3t
35 MEFR;72 °C 5 min,

BU1.0 wL B PCR =4I 9. 34 pL 1 Hi-Di
FHE R A1 0. 16 L 19 A5, 76 35 4% 50 BT { ABI
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Table 1 The 131 Bougainvillea cultivars tested in this study

75 i ¥ 5 i 75 i
No. cultivar No. cultivar No. cultivar
1 CFME (N ) (B. glabra ‘Elizabeth Angus’ ) || 45 BEM/NH4 (B, x buttiana * Sanderiana Variegata’ )[| 89 434’ (B. sp. *Feathery Fantasy Double Colour’ )
2 HHE (B. glabra ‘Eva’) 46 FAEE (B. X buttiana ¢ Louise Wathen’ ) 90 “4IHE (B. sp. ‘Ratana Pink’)
3 ¥4 (B. glabra * Golden Lady’) 47 RMLE (B. X buttiana ¢ Yellow Wonder”) 91 “4IEAE’ (B. sp. ‘Red Lotus’)
4 “Hifs’ (B. glabra ‘ Merial Fitzpartick” ) 48 “fBUK’ (B. x buttiana ‘ Louise Wathen Variegata’ ) 92 “#A KK’ (B. sp. ‘MonSam’)
5 ‘I&%° (B. glabra ‘Pink Pixie’ ) 49 ZBHMEN’ (B. x buttiana “ Alick Lancaste’ ) 93 ‘LM EF (B. sp. ‘Ladybird’)
6 ‘JKZ’ (B. glabra ‘Rosa’) 50 “fnMES (B. x buttiana ¢ California Gold’ ) 94 ZEUEWHYSE (B. sp. Mona Lisa Yellow’ )
7 OEMEEM-EAE (B. glabra ¢ Variegata’ ) 51 “4MERY (B. X buttiana ‘ Los Banos Variegata’ ) || 95 @flFI41’ (B. sp. ‘ Royal Bengal Red )
8 “HBL’ (B. spectabilis ‘ Auratus’ ) 52 ‘4 KARE’ (B. X buttiana ‘ Blondie’ ) 96 ‘AL’ (B. sp. ‘ Tropical Bouquet’ )
9 “WABRZL’ (B. spectabilis ¢ China Beauty’ ) 53 ‘WA (B. X buttiana ‘ Blue Moon’ ) 97 ‘Y& (B. sp. ‘Pixie Yellow’)
10 RACIRLL (B. spectabilis “ Crimonlake’ ) 54 CLGEMAE’ (B, X buttiana ¢ Afterglow’ ) 98 Mi#HkE’ (B. sp. ‘ Lguana Variegata’ )
11 KAWL (B. spectabilis ‘ Senjakala’) 55 LEMFPEEEE (B. x buttiana * Golden Glow” ) 99 /KM’ (B. sp. ‘ Firecracker Purple’)
12 P46’ (B. X spectoglabra * Imperial Delight’ ) 56 KL (B. X buttiana ‘ Miss Manila’ ) 100 /N&# (B. sp. ‘Firecracker Yellow’)
13 ‘4 (B. X spectoglabra * Thimma’ ) 57 ‘WA (B. X buttiana ‘ Hong Kong Beauty’ ) 101 “HAMRE (B. sp. ‘Pixie Orange’)
14 “HMEELL (B X buttiana “ Barbara Karst’ ) 58 /MEKZ (B. x buttiana ‘Mrs. Butt®) 102 BEBEM M S (B. sp.)
15 “HEBEMHBLL (B. X buttiana ‘ Lateritia” ) 59 JRLLEJE’ (B. X buttiana ‘ San Diego Red” ) 103 “VKEEEN (B. sp.)
16 “#EE (B. x buttiana ‘ Mrs McLean’ ) 60 “1AH’ (B. x buttiana ¢ Cherry Blossom’ ) 104 YEIKEFEGL (B. sp.)
17 “EIWKL (B. x buttiana * Pretoria’ ) 61 ‘EAEEMmiHR’ (B. x buttiana * Chitra’) 105 “KEMHER (B sp.)
18 “BEMHIEE’ (B. X buttiana ‘ Temple Fire’ ) 62 “EHH’ (B. x buttiana ‘ Los Banos Beauty’ ) 106 “ZL%EAT’ (B. sp.)
19 “HEH (B glabra ‘ Formosa’ ) 63 ‘T (B. x buttiana ‘ Roseville’s Delight” ) 107 “ZBRN (B sp.)
20 “HHEHT (B. glabra * Elizabeth Angus’ ) 64 CEWL (B. X buttiana ‘ Mahara’ ) 108 “ZJLH (B sp.)
21 “HEBEME (B. glabra ¢ Bambino Beesnees’ ) 65 “HEIME (B. X buttiana ‘ Aussie Gold’ ) 109 “£LHRL (B. sp.)
2 “HEAE (B glabra ‘Alba’) 66 EIALL (B x buttiana ) 110 “&H/NHE (B, sp.)
23 “BEMR# (B. glabra ‘Mrs. Eusenia Raja Singhe’ ) 67 ‘HMF (B. X buttiana ) 11 &% (B sp.)
24 M4 (B. glabra ¢ Sanderiana’ ) 68  “M3%’ (B. peruviana ‘ Partha’ ) 12 &8 (B sp.)
25 ‘&l EAEHT (B. glabra ¢ Elizabeth Angus Variegata’ ) 69 ‘BEMFERREERERY (B. peruviana ¢ Partha Variegata’ ) 13 “FidE# (B. sp.)
26 ‘AHMEE (B. glabra ‘Mrs. Eva Variegata Mauve T1°)|| 70 ZL0EAE’ (B. peruviana * Makris® ) 114 “LtAHEE (B, sp.)
27 ‘&M (B. glabra ‘JinYu') 71 M@ (B. peruviana ‘ Thimma’ ) 115 “KOEIE (B sp.)
28 CHEPLAYEN (B. glabra ¢ Variegata’) 72 T4’ (B. peruviana ‘ Begum Sikander’ ) 116 =R (B sp.)
29 ML (B. glabra ¢ Shweta’) 73 CBRMERY (B. perwiana ‘Mrs. H.C. Buck’) 117 WL (B. sp.)
30 GRS (B. glabra ‘Mrs. Eva’) 74 SRS (B. peruviana ‘Mona Lisa’) 118 YPImfHAZL (B. sp.)
31 ‘¥4 (B. glabra ‘ Pink Pixie’ ) 75 WA TE’ (B. perwiana ‘Mrs. H.C. Buck’) 119 “VHE4 (B. sp.)
32 /N (B. glabra ‘Royal Purple”) 76 CEPREEREHR (B. perwiana ¢ Partha’) 120 959 (B. sp.)
33 “HMKEA’ (B. glabra ‘ Singapore White’ ) 71 “#B4E’ (B. perwiana ‘ Imperial Delight’) 121 KAWL’ (B. sp.)
34 HMER (B. glabra * Singapore Beauty’) 78 “JHE’ (B. spectabilis ¢ Flame’ ) 122 T’ (B. sp.)
35 T (B. glabra ‘Snow Purple’ ) 79 “FM(B. spectabilis ‘ Splendens’ ) 123 /MERE (40F) (B. sp.)
36 FEMA’ (B. glabra  Jamaica White”) 80 “HZL’ (B. spectabilis B. ). F. Bailey’) 124 C/NFENELHS (B. sp.)
37 “MMIRZ (B. glabra ‘ Zinia Barat’) 81 “HKFEE (B. spectabilis ‘ Flame' ) 125 CFML (B sp.)
38 “HUAME’ (B. glabra ‘Mis. Eva Variegata White’ ) 82 /NELE’ (B. spectabilis  Tomato Red’ ) 126 M (B. sp.)
39 4R (B. glabra ‘ Galaxy’ ) 83 WLJLEUHL’ (B. spectabilis ‘ Baby Rose’) 127 “HRPWA’ (B sp.)
40 %45 (B. glabra ‘Mrs. Eva Purple Ratana’) 84 “TEL (B. spectabilis ‘ Lateritia’ ) 128 JRBEAFRLL (B. sp.)
41 ETHEFEL (B. glabra ‘Lilac Beauty’ ) 85 HEBEIMHAEAE (B. sp. ‘Blushing Beauty’ ) 129 “Z=BERFIKZ (B. sp.)
42 WEBEME (B. X buttiana ‘ Jinda Orange’ ) 86 ‘BEMHERE (B. sp. ‘Pixie Orange Variegata’ ) 130 “EMHT (B sp.)
43 BB (B. X buttiana ‘ Juanita Hatten’ ) 87 “H#AT%’ (B. sp. ¢ Chinese Lantern’ ) 131 ‘854 (B. sp.)
44 EHER A (B X buttiana ‘ Mrs. Butt”) 88 “HB4E (B. sp. ‘Ratana Orange’)

VL 1—18 B R RAE T PRI AR B E BT

TS 19—131 19 SRR AE T v FE 3G R ML B} 2 e 34 1R 40 b S 9%

ﬁﬂﬁﬁ B. glabra. YoM E M AE;B. X buttiana. EFFFIAE; B, peruwviana. FbE WAL B. spectabilis. BT AE;B. X spectoglabra.

Femtx B2 E M 4L, No. 1-18 and No.

Tropical Crops Genetic Resources Institute of Chinese Academy of Tropical Agricultural Sciences ( Danzhou, China) ,

19-131 cultivars were conserved in Guangxi Forestry Research Institute ( Nanning, China

respectively.
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1.2 HESH

XFF 15 4~ SSR iz o5, FI FH# A PowerMarker
3.25!17 HE L5 EERE( polymorphism informa-
tion content, PIC) , F|JH GenAlEx 6. 5. 1''"* {15 %
A7 B (number of alleles, N,) A RCEN Bt
(number of effective alleles, N,) . 7 & 15 B 5 %
(Shannon’s information index, 1) I Z%5 B (ob-
served heterozygosity, H,) . #4524 B (expected
heterozygosity, H_ ) il i F1[i] 1545 #5125 ( genetic dis-
tance, GD, A Dy, ), HT D, M,
FFARAE NTSYSpe 2. 17 R AR IAL S 4L 55 AT
¥4 ( unweighted pair group method with arithmetic
mean, UPGMA ) ¥EFEAT i FHAY R,

2 HREHF

2.1 SSREIEMISEMN
i 15 ANFF & H 410 SSR 7 s %t 131 4~
KN AC AP G ARG S50 7 Bkl 85 (% 2),
A G| YIR S R BB 3 (i a5 BOUeSSR04 I
BOUeSSR16) ~ 9 (i 5 BOUeSSR02) ,F-17 5. 60,
FREEAL BB T 1. 19 (BOUeSSR13) ~ 3. 63
(BOUeSSR04) Z [1], -4 4 2. 52, Shannon’s {7 8.
FRECH 0. 38 ~ 1. 53, I (=i 9 A 1, BOUeSSRO4, fi
fRE4 BOUeSSRI13; H, JulE N 0. 11~0. 94,112k
R2 I5)SSRESAET BIARMHNESEESH
Table 2 Polymorphic parameters of the 15 SSR loci

based on the 131 Bougainvillea cultivars

EST-SSR 514

N, N H, H
EST-SSR primer s — o . PIC

BOUeSSRO1 8.00 3.36 1.42 0.91 0.70 0.65
BOUeSSR02 3.00 1.98 0.76 0.15 0.49 0.39
BOUeSSR03 5.00 2.37 1.01 0.37 0.58 0.49
BOUeSSR04 9.00 3.63 1.53 0.49 0.73 0.69
BOUeSSRO05 7.00 3.34 1.39 0.44 0.70 0.66
BOUeSSR06 6.00 2.50 1.07 0.84 0.60 0.53
BOUeSSRO08 4.00 3.08 1.16 0.94 0.68 0.61
BOUeSSR09 4.00 2.33 0.96 0.78 0.57 0.48
BOUeSSR10 4.00 1.83 0.78 0.16 0.45 0.39
BOUeSSR11 7.00 2.28 1.12 0.58 0.56 0.51
BOUeSSR12 4.00 1.90 0.70 0.14 0.47 0.37
BOUeSSR13 5.00 1.19 0.38 0.11 0.16 0.15
BOUeSSR14 4.00 2.91 1.10 0.84 0.66 0.58
BOUeSSR15 6.00 2.59 1.15 0.60 0.61 0.56
BOUeSSR16 9.00 2.58 1.15 0.20 0.61 0.54
HI{H mean 5.60 2.52 1.04 0.50 0.57 0.51

0.50, fix 5 M) & BOUeSSROS, #x & Hy N
BOUeSSRI13;H, il H 0.16~0.73,F#1 4 0.57,
5155 19 8 BOUeSSRO4, 51K 1Y > BOUeSSR13; PIC
SEX A 0.51, f i ) 2 BOUeSSRO4, i Ik 1Y J&
BOUeSSR13, #7 8 4~ i #i ( BOUeSSROI,
BOUeSSR04 | BOUeSSRO5 | BOUeSSRO06 .
BOUeSSRO8,  BOUeSSR11, BOUeSSR15 il
BOUeSSR16) A i i 2384 4. (PIC {H>0. 50)

2.2 ETFEAEBREKNENERMBELSHF

BT 15 4 SSR A HE R E AR 131 A
8] GD yE I 0.00~0. 60, ¥4 0.33, FlFH UP-
GMA L% 131 A5 A8 5 B AT R 2B, 57
RAITH AR E (B 1), R LLA Y TRt
LIRS 0. 42 &b, 131 AN FhFR 43y FORZSHE, RIS B
1 S 2 250 3 SR 4 FIZAT S,

KR EESPARF (19 5F 4 5)  ¥o00
M2 AL S B (B, glabra Choisy) , Z5RE 2 15 4
AEFR(11 5 75 9 5H/25) ¥ E Ik
Al SR 3 A 4 AR, b 2 et s 4
A (25 5 A 20 5) 1 DEMHFE N AL T (B
spectabilis) (79 5 ) Al 1 AP0 T 2 A TER A FR (131
).

KBE 4 A5 5 AP 45 AR b 114
AP F AL (B. X buttiana Holttum & Bonpiand) .3
ANBMFEIMAE(B. spectabilis Wild. ) |3 A5 11
A6 2 DM <BM LA (B, x spectoglabra) 7 4
WEFINAE(B. perwiana Humboldi & Bonpiand) |
19 ML T BATER SRR, FEBEIRES 0. 30 &b, 26
HE4 AT HE0 0y 4 ASHE, WA 4- T A5 1 DB
FINAES TR (18 ) F 1 ASE 5 48 5 Fh (5
5o WHEA-T AL 1 A E I AE (31 5) f1 7
AP T ZATER A (99 5 .97 5 119 5 31 5,
118 5 116 5 86 S 1 105 =), WHE 4-M £ 3
A EFFRMAEMFI (15 5 14 SH1 16 5) |1 48
A s AN (6 %) 2 DI B 4258 (13
SHRN2 ) AP T AATER R85 ) . 1E
BALIEES 0.20 Ab, WAE 4-1IV AT 53 2 4-IVA 4-IV
B A14-IVC 3 A/ Hr 4-IVA /NEAEE 1AM
B AL Al (53 5 ) .5 M 4B Fh (71
5725705 74 SR T5 5) 2 ML T AARTER
i P (94 51122 5 ) ;4-IVB /NRALEE 5 B
MAEm R (57 5 555 435 48 SHI42 5) 14
EMEMAER (78 F) 8 DL T 4 ATERY i A
(93 5 121 5 114 5 90 5 89 & 88 =5 91 ZHl
108 5) ;4-IVC /NEALHE 1 AR T I A& P (56
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Fig.1 The dendrogram of 131 Bougainvillea cultivars

=)

5) 2 AEME LS (80 T 8 ) 2 A FLE
FNAEHF (77 5H 73 ) 1 ADAPLT ZAATER &
Fh(104 %),

HBE 5 AU 4 AR 76 AN AR Hid 21 496
R AR 21 AEREE NS S ANEMNE

AL sl 3 DA AL A 25 DML T 2 A TE
A, TESRAEREES 0. 39 &b, 258 5 A4 N
BES-T WS- WRE S-TEANERE S5-IV, WRE S-
I R 1AM T AR R (96 5) . TEHE
#EE5 0. 26 4b, WA 5-110 XAl 432k 5-11A 5-11 B 5-
IC.5-DA5-TE 54/, Hrp5-TA/NER
WE1ADR T BATER AN (96 45) ;5-TB /M
B 4 DRI AL (63 5 .62 5 67 SHI 61
F) I ABMEINALSF (83 5) 2 ML T AT
M)A (120 S A1 128 5) ;5-TT C /NEAEE 1 A
FEE LS (52 45) 2 M RE e Al (69 =
68 5) 1 NPT A ATER FhFh (123 5);5-TTD
INEALE 2 ANt AR AP (36 S5 R0 23 45) (1
DB EIPAEAFN (82 5) (12 A REE AR S Fh
(175 545 51 5 475 50 5 49 5 60 5 .66
5 .65 5 64 5 59 SF158 5) 9 ML T ZATERY
fAh (106 5 107 5102 5 95 5 120 & 117 &,
98 5 115 5 H1 100 5) ;5- M E /NEALHE 1 HNEMH
FINAEEFP (10 5) 2 ANEFER DAL Fh (46 50
44 °5) 3ANFLT AATER SR (113 45125 5 A
109 %5) , WAES-M HALE 1 AH T AR AR
(124 5) , TEBEREES 0. 33 &b, WAE 5-IV XA 43
J35-IVA 5-IVB 5-IVC .5-IVD 1 5-IVE 5 /Mg,
Hrr 5-IVA /NE RS 1 AP T 2T Ll (87
5)55-VB /NS 2 St AR R (29 %
127 5) 1 AP T BAER AN (103 5);55-IVC
N 1T AR AR TR (24 5) 1 D ERY
FEINAESFN (45 5) 1 DR T BATFER S (112
5)55-IVD /N F 2 ASEnt = A& Fl (41 5
F405) 1 DEHEINEMLFN(845) 1 MRE
FINALEFN (76 45) 1 AP T B ATER AP (130
5)35-IVE /N FE 14 A6 52 i 48 5 Fl (30
5355 .22 %5 38 %5 39 5 21 5 26 5 32 5
2845375 345 335 31 SHI15) 6 M T
BARTVER B AP (127 5126 5 111 5 .92 5 110
SH101 5),

MRYGRLEI AT LA 1, 131 A S Rp ] A9 25 2056
FRBE UL B AT B L 75 S RCh A B (HR T
15 > SSR A i, 131 A i A 9 20 5288 Ul I o
Pl 2Z [BIFEAE— B A 22 5
2.3 EMEHRMHIEYLEERE

KT 15 4> SSR A7 113 AN AL S Fh a3+
WA DR A SR e 2 X I H BT E 1L
AL S A AL AG AR ) 131 A S R B SSR i
BOUeSSRO1 , BOUeSSR03 . BOUeSSR04 . BOUeSSRO5 |
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