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Comprehensive evaluation of Bougainvillea germplasm resources
based on principal component analysis and membership
function method
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Sichuan 617000, China)

Abstract: [ Objective ] This study aimed to comprehensively evaluate Bougainvillea germplasm resources in the dry-
hot valley of the Jinsha River, providing theoretical reference for superior variety selection and new variety breeding of
Bougainvillea in the dry-hot valley of the Jinsha River. [ Method ] A total of 18 Bougainvillea germplasms were taken as
research objects to measure 11 cultivar traits and five pigment content indicators. Public scoring and grouping by color
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category were performed. Comprehensive evaluation of Bougainvillea germplasms was conducted based on analysis of
coefficient of variation (CV), cluster analysis, correlation analysis, principal component analysis (PCA ), and member-
ship function analysis. [Result] The 18 Bougainvillea germplasms were divided into purple group, red group, orange-
yellow group, pink group, and white group,and the CV of quantitative traits ranged from 28.05%-39.93%, with the largest
CV for leaf width at 39.93% and the smallest CV for bract width at 28.05%. The CV of pigment content ranged from
26.52% to 46.62%, with the largest CV for procyanidin content at 46.62% and the smallest CV for chlorophyll a content
at 26.52%. Correlation analysis results showed that the procyanidin content had extremely significant negative correla-
tions with betacyanin content and flower color (P<0.001) , with the coefficient of correlation of -0.87; flower color had
an extremely positive correlation with betacyanin content (P<0.001), with the coefficient of correlation of 0.88; public
scoring had significant (P<0.05) or extremely signficant (P<0.01) correlations with flower color, leaf length, procyanidin
content, and betacyanin content, with the most pronounced correlation with flower color. Cluster analysis results showed
that the 18 germplasms into four major groups, among which Group II only included Bougainvillea cv. Miss Manila, demon-
strating that this cultivar showed greater uniqueness compared with other germplasms; the 11 cultivar traits and five pig-
ment content indicators were divided into four major categories: the first and second categories showed trait characteris-
tics, and the third and fourth categories showed pigment content characteristics. Principal component analysis (PCA)
showed that, six principal components from the first to the sixth principal component were extracted at the standard of
eigenvalue greater than 1, with the cumulative contribution rate of 82.85%, and the traits that exhibited the highest factor
loadings across the six principal components (PC1-PC6) were flower color, bract width, leaf length, leaf width, leaf
color, and chlorophyll a content. By calculating the membership function values, Bougainvillea cv. Killie Campbell had
the highest score. According to calculation combined comprehensive PCA with membership function method, the 18 Bou-
gainvillea germplasms were divided into four grades, and the Grade I included Bougainvillea cv. Miss Manila, Bougain-
villea cv. Mrs. Butt, and Bougainvillea cv. Killie Campbell. [ Conclusion] According to comprehensive evaluation of PCA
and membership function method, three Bougainvillea cultivars (Bougainvillea cv. Miss Manila, Bougainvillea cv. Mrs.
Butt, and Bougainvillea cv. Killie Campbell) have high scores. As they have big bracts, big leaves, and bright bracts,
they are suitable to be popularized and cultivated in the dry-hot valley of the Jinsha River.
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Fig. 1 Bract and leaf morphology of 18 tested Bougainvillea germplasms
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1: Bougainvillea cv. Killie Campbell; I1: Bougainvillea cv. Mrs. Eva White Variegata; I11: Bougainvillea cv. Bambino Baby Lauren; 1V : Bougainvillea
cv. Golden Lady; V: Bougainvillea cv. Elizabeth Angus; V1: Bougainvillea cv. Jinda; VIL: Bougainvillea cv. Fifina; VIII: Bougainvillea cv. Mrs. Eva
White ; IX : Bougainvillea cv. Kasumi; X : Bougainvillea cv. Pixie ; X1: Bougainvillea cv. Mrs. Butt; XI1: Bougainvillea cv. Sanderiana; X111 : Bougainvil-
lea cv. California Gold; XIV : Bougainvillea cv. Miss Manila; XV : Bougainvillea cv. Mahara ; XVI1: Bougainvillea cv. Cherry Blossom ; XVII: Bougain-
villea cv. Makris ; XVIII: Bougainvillea cv. Mrs. Eva Mauve Variegata II. The same was applied in Fig. 4
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Table 1  Valuation of indicators for Bougainvillea germplasms

bR T#AE Valuation

Indicator 1 2 3 4 5

I F it Leaf color wek o, S 4xifl Gril>

I F 257 Leaf type Sent-opsE BB AT St E A Witk s2 R EEA NG|
5 44 Bract flatness R FHHh e T4 NER HNEH
#il Thorn ZHi eyl HAl DAl JeHl
1EA%, Flower color SREN gy b REN %10 a1
65 TE R Flower fragility W o 4% oI &G BofeRTE HAERE TR
WA )) Flowering period (month) 5—6 6—7 7—38 8—9 9—10
K (cm) Leaf length 2~3 3~4 4~5 5~6 6~7
A% (cm) Leaf width 1~2 2~3 3~4 4~5 5~6

4 A K (cm) Bract length 1~2 2~3 3~4 4~5 5~6
A i (cm) Bract width 1~2 2-3 3~4 4-5 5~6
-2 % a % & (mg/g) Chlorophyll a content 0.12~0.16 0.16~0.20 0.20~0.24 0.24~0.28 0.28~0.32
4% 2% b ¥ it (mg/g) Chlorophyll b content 0.04~0.06 0.06~0.08 0.08~0.10 0.10~0.12 0.12~0.14
JFAETF % & (mg/g) Procyanidin content 0.01~0.02 0.02~0.03 0.03~0.04 0.04~0.05 0.05~0.06
341 % & i (mg/g) Betacyanin content 0.10~0.20 0.20~0.30 0.30~0.40 0.40~0.50 0.50~0.60
AR R i (mg/g) Betaxanthin content 0.09~0.13 0.13~0.17 0.17~0.21 0.21~0.25 0.25~0.29
HEAES) Public scoring 1~3 3~5 5~7 7~9 9~11
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Table 2 Grouping of bract colors of Bougainvillea germplasms

Fl i Germplasm H 445 Color chart number 2[5! Group Bi{a 257 Color type
FERHBEE D1 R Bougainvillea cv. Killie Campbell 58B E4E) e
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LA Hr Bougainvillea cv. Elizabeth Angus N74A TLERLT
JEJEWE Bougainvillea cv. Fifina N81 TR
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218540 Bougainvillea cv. Sanderiana NN74C 581
407K %8 Bougainvillea cv. Makris N.58C s
47 4E Bougainvillea cv. Mrs. Eva Mauve Variegata 11 N.57A TR
423K Bougainvillea cv. Jinda 46C EARE) Kt
AR Bougainvillea cv. Mrs. Butt 63A EA- 3
o, g /INiH Bougainvillea cv. Miss Manila 47C FARE)
HINLL Bougainvillea cv. Mahara 60 GRLT
FIERE Bougainvillea cv. Kasumi 169C gyl Be
JInM#54: Bougainvillea cv. California Gold 9C L
4R N Bougainvillea cv. Golden Lady 65A bR B
PJiti &8 Bougainvillea cv. Cherry Blossom 63 e,
135/ Bougainvillea cv. Mrs. Eva White N155D SR 1t
BEH-$48 H Bougainvillea cv. Mrs. Eva White Variegata N155B IR
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Fig. 2 Comparison of pigment contents in Bougainvillea
germplasms
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Table 3 Variation of quantitative traits and pigment contents of Bougainvillea germplasms

Btttk e R & /MA BRME FHIE EREIVR A brif2z AR %)
Quantitative trait/pigment content Minimum Maximum Mean Median Standard deviation CV
45 )1 (em) Bract length 7.56 2.50 475 476 1.41 29.76
R 58 (cm) Bract width 5.19 2.20 3.39 3.09 0.95 28.05
K (em) Leaf length 5.46 1.73 3.14 3.15 1.08 3427
% (em) Leaf width 4.41 1.16 232 2.20 0.92 39.93
2% a # & (mg/g) Chlorophyll a content 0.30 0.13 0.20 0.18 0.05 26.52
43:% b &4k (mg/g) Chlorophyll b content 0.15 0.04 0.10 0.10 0.03 29.51
JFAETF % & it (mg/g) Procyanidin content 0.06 0.01 0.03 0.02 0.01 46.62
AL 5 i (mg/g) Betacyanin content 0.51 0.17 0.32 0.33 0.10 32.34
3% # 2 & i (mg/g) Betaxanthin content 0.28 0.09 0.18 0.17 0.05 30.14
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Fig. 3 Correlation analysis results of cultivar traits, pigment contents, and public scoring of Bougainvillea germplasms
IR BEMZ(P<0.05) , ¥+ FIR i B AL (P<0.01) , *** FORMEL I EHIZE (P<0.001) s BEZRHIANCHAISEHRSE . YS: MR B YT I Jr 2R 5
BP: 45 P Co il YO MR YK 7 583 BC 5 I BK A 158 s HS : AE (8 HL - B 5 PR AR s H : BT YA - 28R a i i YB: IH4R R b
T HQ: JFAETF R O TR ASRALR O THL AR MR & i, (K14 A
* indicated significant correlation (P<0.05), ** indicated extremely significant correlation (P<0.01), and *** indicated significant correlation
(P<0.001) ; line thickness represented correlation intensity. YS: Leaf color; YT: Leaf type ; BP: Bract flatness; C: Thorn; YC: Leaf length; YK : Leaf
width; BC:Bract length; BK: Bract width; HS : Flower color; HL : Flower fragility ; Hq: Flowering period; YA :Chlorophyll a content;
YB: Chlorophyll b content; HQ : Procyanidin content; TR : Betacyanin content; TH : Betaxanthin content. The same was applied in Fig. 4
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Fig. 4 Cluster analysis results of cultivar traits and pigment
contents of Bougainvillea germplasms

BRK BRERER . GHRNEI; LA
PN AR N P kS N g [
2.6 =ZREMRRERHMHSMER

FIIH PCA 23 M7 it B0 M R A0 6 25 3% i d8 A ik
TrREYEAL B A5 30 3 AR R T 1 =0y, Bt
TTRRFE R 74.64%. F4 HESR @ RS T & e i
(SR J R B K 35300 5 3 A 3 o3 1 AR ik (B AH
Fe I B HME, 25 R a3 6 Fros , HEA AT 3 A FP
43 A R BRRE: DLJR LA R R 5 Je /ML, 5
R HER BeA1R
2.7 ZHRBMRESENSTER

LA R B 5 SR R sR B TR 18 4 = A
MEFp TR 43 R AN S5 G . Hop T ds 5 e F
I EVRER N EFTHRIGE DUR 25545 3 5 TV

/J\ s IR
FAUSE TR S VUG FR A E I, LB 15 AR

RIS o

VDT T PO AR AR B 18~24 °C B I 2
K H 58 AE H BB EOK T 2500 he — 2L 58
1K) = F A I A €0 A At [X el B e, HL AR AR K,
A RIEFFRL . SR, B AT T = MR LRk
AR A RRASWEMEN RS . KW
It ARG B B 4 V0 VT DX L %) 18 40y = F M ol o
YRR BERIA R FF AN FUR IRZE S IR AR 4
DT T 25 b X A UL B8 P 5 R 22 5, i
b DX = AR T BE B 55 e RO, FH B S AR A
KRR A SR SRR R S

R4 ZHREMRSEFHERFIEESENPCALTER

Table 4 PCA results of cultivar traits and pigment contents of Bougainvillea germplasms

SR IR/ 2 A i Cultivar trait/pigment content PCI PC2 PC3 PC4 PC5 PC6
i H i {4, Leaf color -0.36 -0.14 0.55 0.10 0.60 -0.10
M- Fr454E Leaf characteristic 0.48 0.00 -0.03 0.55 0.42 -0.50
134 Bract flatness -0.25 -0.22 0.41 -0.45 0.20 0.05
| Thorn -0.50 -0.41 0.33 0.15 0.23 0.38
M H K Leaf length -0.15 0.56 0.72 0.20 -0.06 0.10
55 Leaf width -0.05 0.51 0.18 0.74 -0.14 -0.05
A5 K Bract length -0.25 0.54 0.56 -0.34 0.07 -0.21
i H 9 Bract width -0.01 0.68 0.45 -0.13 -0.47 -0.11
144, Flower colour 0.75 -0.48 0.32 -0.01 -0.11 -0.01
S TETLRE Flower fragility 0.71 0.35 -0.01 -0.31 0.18 -0.30
1EM Flowering period -0.29 0.26 -0.42 0.17 -0.07 -0.02
43 % a {7 Chlorophyll a content 0.74 0.29 0.12 0.10 0.05 0.53
4% b &+ Chlorophyll b content 0.64 0.50 -0.06 0.06 0.32 0.44
JFAET & & Procyanidin content -0.55 0.61 -0.46 0.01 021 0.10
¥4 £ & & Betacyanin content 0.73 -0.48 0.31 0.15 -0.20 -0.03
T35 £ & Betaxanthin content 0.59 0.50 -0.23 -0.37 0.23 -0.04
FRIE{H Eigenvalue 4.03 3.16 2.29 1.55 1.18 1.05
BTk (%) Contribution rate 25.17 19.72 14.32 9.71 7.35 6.59
235k % (%) Cumulative contribution rate 25.17 44.89 59.21 68.91 76.27 82.85
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Table 5 Principal component scores of 18 Bougainvillea germplasms

AL RSN f ik, SR 2245 (2018) XA ML B A
AIBFSEA R —2, AT T s TR 5 R
e [ AR AH SCHE , ] B W Xk = Ff AR AT o o

T = AR RS DR E R B B
W 225, R IX WA R SR B A R R 2
FEPE. 7E PCA T J2 U T 6 MR E R T 119
EMY, BT 22 TR N 82.85%, REAS S W = £
MR RFR 5 B o TR o503, HEA
BT 3 B9 =AM R UK U B e /NME  EAE IR A
FATHA . o 5 R AR = R R
R R BE e KA e, BRI S

A5 Germplasm F 534543 Principal component score

T Je$ii /N Bougainvillea cv. Miss Manila 36.41

E4E R A Bougainvillea cv. Mrs. Butt 32.19

FWERYN Bougainvillea cv. Sanderiana 28.29

HIRLT Bougainvillea cv. Mahara 28.25

421k Bougainvillea cv. Jinda 27.62

JEFIERER Y I /K Bougainvillea cv. Killie Campbell 27.25

4R N Bougainvillea cv. Golden Lady 27.03

LT Bougainvillea cv. Elizabeth Angus 26.80

T LU iA7 92 U1 5548 Bougainvillea cv. Bambino Baby Lauren 26.62

41128 Bougainvillea cv. Mrs. Eva Mauve Variegata 1 25.88

EIEWR Bougainvillea cv. Fifina 24.90

40 1% %8 Bougainvillea cv. Makris 23.60

JInM 4 Bougainvillea cv. California Gold 23.30

K4 Bougainvillea cv. Pixie 21.59

BEMI2EE [ Bougainvillea cv. Mrs. Eva White Variegata 21.49

VjititG 53 Bougainvillea cv. Cherry Blossom 18.90

25/ % Bougainvillea cv. Mrs. Eva White 16.68

KM Bougainvillea cv. Kasumi 13.74

Fx6 18 =RAEHENERERBSIN

Table 6 Membership function analysis of 18 Bougainvillea germplasms

il )& PR U Membership function value B R4y HiF
Germplasm Ulx,) Ulx,) Ulx,) Membership function score  Ranking
JLFHBE Y D1 /R Bougainvillea cv. Killie Campbell 0.35 0.22 0.11 0.23 1
BRI N Bougainvillea cv. Mrs. Butt 0.20 021 0.15 0.19 2
R Hi/INH Bougainvillea cv. Miss Manila 0.21 0.19 0.13 0.17 3
BEMFI248: 19 Bougainvillea cv. Mrs. Eva White Variegata 0.34 0.09 0.00 0.15 4
LA&HT Bougainvillea cv. Elizabeth Angus 0.18 0.18 0.07 0.14 5
HESEMR Bougainvillea cv. Fifina 0.11 0.22 0.08 0.14 6
TILL Bougainvillea cv. Mahara 0.01 0.23 0.16 0.13 7
1258 3 Bougainvillea cv. Mrs. Eva White 0.28 0.11 0.00 0.13 8
FME544 Bougainvillea cv. Sanderiana 0.17 0.15 0.06 0.13 9
421k Bougainvillea cv. Jinda 0.15 0.08 0.14 0.12 10
JMN ¥ 4> Bougainvillea cv. California Gold 0.20 0.12 0.03 0.12 11
4R N Bougainvillea cv. Golden Lady 0.13 0.18 0.03 0.11 12
4R 4L Bougainvillea cv. Mrs. Eva Mauve Variegata 11 0.17 0.09 0.08 0.11 13
40128 Bougainvillea cv. Makris 0.11 0.04 0.08 0.08 14
Pjitit&4% Bougainvillea cv. Cherry Blossom 0.02 0.17 0.01 0.07 15
FIEE Bougainvillea cv. Pixie 0.08 0.00 0.09 0.06 16
B Uit 2 DI 5548 Bougainvillea cv. Bambino Baby Lauren 0.12 0.00 0.04 0.05 17
FYHE Bougainvillea cv. Kasumi 0.00 0.03 0.02 0.02 18
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Table 7 Comprehensive evaluation of Bougainvillea germplasms based on two analytic methods

ER i)t FR I s Ry a1y
Grade Germplasm Principal component ~ Membership function Comprehensive
score score score
I Ty Je i/l Bougainvillea cv. Miss Manila 36.41 0.17 26.71
[V Bougainvillea cv. Mrs. Butt 32.19 0.19 25.60
FEFIHINE U1K Bougainvillea cv. Killie Campbell 27.25 0.23 25.13
I FEHE4) Bougainvillea glabra cv. Sanderiana 28.29 0.13 20.65
TEIMLL Bougainvillea cv. Mahara 28.25 0.13 20.63
LT Bougainvillea cv. Elizabeth Angus 26.80 0.14 20.40
421K Bougainvillea cv. Jinda 27.62 0.12 19.81
JEFEIR Bougainvillea cv. Fifina 24.90 0.14 19.45
4K N Bougainvillea cv. Golden Lady 27.03 0.11 19.02
4 ih17% 48 Bougainvillea cv. Mrs. Eva Mauve Variegata 11 25.88 0.11 18.44
I PEM$21: 1 Bougainvillea cv. Mrs. Eva White Variegata 21.49 0.15 18.25
JinH #5 4> Bougainvillea cv. California Gold 23.30 0.12 17.65
5 L% 52 DL 3548 Bougainvillea cv. Bambino Baby Lauren 26.62 0.05 15.81
4R %8 Bougainvillea cv. Makris 23.60 0.08 15.80
1252 % Bougainvillea cv. Mrs. Eva White 16.68 0.13 14.84
v FIEE Bougainvillea cv. Pixie 21.59 0.06 13.80
VG jiti I #7 Bougainvillea cv. Cherry Blossom 18.90 0.07 12.95
YK Bougainvillea cv. Kasumi 13.74 0.02 7.87
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