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Studies on the Phenotypic Diversity and the Genetic Relationships
of 29 Species of Paphiopedilum

FAN lJi-zheng, LI Xiu-ling, HE Jing-zhou, ZENG Yan-hua, WANG Feng-shun, BU Zhao-yang
(Flower Research Institute , Guangxi Academy of Agricultural Sciences ,Nanning 530007 )

Abstract: Paphiopedilum species are known as unique flower shape, gorgeous color, long ornamental period
and have great ornamental and economic value. The classification of the genus is controversial. The diversity and
correlation analysis of 27 phenotypic traits were carried out by investigating 29 species of Paphiopedilum, and
cluster analysis was carried out based on the principal components of phenotypic traits. The results showed that
the phenotypic traits of Paphiopedilum were rich in diversity. The variation range of genetic diversity index (H')
of 17 quantitative characters was 0.7834-2.0318. Among them, the strong variation characters with genetic
diversity index greater than 2.0 were flower length and flower width, the weak variation character with genetic
diversity index less than 1.0 was flower number, and the variation range of genetic diversity index of 10 quality
characters was 0.5098-1.1241. The diversity indexes of petal shape and Lip main color were the highest, both
exceeding 1.0, and the smallest were staminode bottom concave and anther type, from the results of diversity
analysis, it can be seen that 29 species of Paphiopedilum have large differences in phenotypic traits among
species, with rich diversity. The coefficients of variation (CV) of 17 quantitative traits ranged 18.22%-59.09%,
the petal length/petal width and peduncle length exceeded 50%, the results showed that the interspecific
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phenotypic characters of Paphiopedilum palustratum were dispersed greatly. Correlation analysis showed that the

phenotypic characters of Paphiopedilum were closely related and complex. Five principal components with

eigenvalues greater than 1 were selected by principal component analysis, and the cumulative contribution rate

was 84.176%, which could reflect most of the information of the phenotypic characters of Paphiopedilum, and

the characters and indexes of flower organs had a great impact on the phenotypic diversity. Cluster analysis

showed that 29 species of Paphiopedilum were divided into 6 groups, which was similar to other classification

methods, but there were also some differences.

Key words: Paphiopedilum ; germplasm resources ; phenotypic traits; genetic diversity
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Table 1 The name and geographical origin of the different species of Paphiopedilum

5 i 4 KU F i 24 S
Code Name of variety Scientific name Locality Code  Name of variety Scientific name Locality

1 RIS R % P. malipoense IR E 16 a3 (U P. helenae pp il
2 By P. malipoense var. jackii Z~F SC T 17 =g P. henryanum VR R
3 Sy e P. xfanaticum JUPErg B 18 FETT 2% P. gratrixianum oHERE
4 R gR 22 P. micranthum TR 19 iia- EoUiE P, lushuiense ~HERE
5 fEE Y P. delenatii = 20 LR P, villosum var. annamense 7~ F & b
6 Fo e P. armeniacum ~HEERE 21 Al LGy P, villosum var. boxallii rcepdling
7 Sy P. emersonii JUPERg 22 FEITYR 2 P. tigrinum PN T
8 FALG P. hangianum IR 23 B P. spicerianum HIEHRE
9 ER A P. concolor =gy 24 Hrdiyn e P. appletonianum ~HERE
10 pralipie P. wenshanense SeMAERA T 25 Ky P. purpuratum rpdling
11 SR P. bellatulum = 26 Frmy P wardii SNt
12 GO P. hirsutissimum JVEE AT 27 AR P, venustum g T
13 AW P. charlesworthii o ERE 28 Kokeen 2 P. dianthum =
14 IR P. barbigerum ~HERE 29 BEIRYE 2 Pcallosum IR
15 [ P, tranlienianum ~HE KA
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Fig.1 Flowering pictures of some Paphiopedilums
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Table 2 The quantitative traits and test methods

{ER T 1 AIAR HESRICE W23, FH 3 o U By 2
(LA T RGERIE AT, ARSI TR B 3R 2

Quantitative traits

W5
Test methods

4 (cm) LL

H5& (cm) LW
FES FN

XK (em) PL
AESH (mm) PD

A ASREE (em) FL
16 ASRTERE (cm) FW
f32 K (em) DSL
FHEZH 58 (em) DSW
MK (cm) PL2
AEE (cm) PW
JEMEK (cm) LL2
JEMEDE (cm) LW2
RS (em) SL
RS 58 (cm) SW
Fhrt(em) OL
AEMH /AL TE PL2/PW

JICEIH: R IS R 1 R ) 4
BRI R f AR PR R
— MR R
I AL BT 2 A U — e/ NEAEARRE T G I JEE
EAE e LA R AT P 9 2

AERETFINS Pt de oy 2 R R 5 2 - d B ) AR JEE

AERETTISS AL 22 1] ) drg KB 18
B\ YN N 3
R R R
AL 22 T 1 i
A dr AR 3
=5 S B SHEN iR
JiE HRm SEAL A L) IH 1 I JEE
RHESS AT LAl I EE
BB T e
FI 1D SR TR ) 1
AR 5 2B DT 1Y LB

LL: Leaf length; LW : Leaf width; FN: Flower number; PL: Peduncle length; PD: Peduncle diameter; FL: Flower length; FW: Flower width; DSL:
Dorsal sepal length; DSW: Dorsal sepal width; PL2: Petal length; PW: Petal width; LL2: Lip length; LW2: Lip width; SL: Staminode length; SW:

Staminode width; OL : Ovary length; The same as below

®3 REMKERERN

Table 3 Quality traits and assignment rules

VA b it
ﬁﬁ%%/’}\ ) Assign a flue standard
Quality traits 0 . 5 B .
PRI PT IRV S IERTA I
AT A JC RS S LR Jc H
JEHFEIR LS BE HikeIe JEE
JEE M VA JEHARZSH LE JoH HH
AEZFHIE AT ;18 o
IRHESSATTCFLSE SP e A
T AR 5E DSPD el BEri R ZRBUE ML
ML PS A ES8|7 MR 917
JEE £ 4 LMC ERENY Y SE) B QR ) FARGNR )
IHESS A LMl SBC i A

PT:Plant type; LR : Leaf reticulate; LS : Lip shape; LE: Lip edge; AT : Anther type; SP: Staminode papilla; DSPD: Doesal sepal and petal design; PS:

petal shape; LMC: Lip main color; SBC: Staminode bottom concave; The same as below

2 HER59H

2.1 HEMRSHEST

29 FhR 2R 17 AN ECR MR B s
(B S KAE A2 AR5 R AL RO 4.
B MR AR S R BGE B 18.229%~59.09% , Ho AR

5 R BT 50% PR TER AL TERIIE K,
53974 59.09% F155.68% , Bl AL 1F A 0.96~8.72, J5
FABIR N 3.74~39.66 cm; 25 53 REUNT 20% 4T &
MR AEEHMUFE A AR KRS AR 5 R B2 18.22%
18.35% 1 18.77% , 72 W& 73 1] & 3.04~7.20 ¢cm . 0.20~
0.43 mm f15.20~10.23 cm. 17 P4CEMR A A



684 Mo ow fE

7Ol o

24 3

e BVl R 0.7834~2.0318, Hirh Z A ¥ K T
206’]%%”“3 PEIRA 214, 40 ) Je Ak B SR %Maﬁ

*E%ﬂ*ﬂﬁ%wé&*ﬁﬂﬁ%*,f}MJcht,,\,a'@#jt
BRSO A T 12 2200 8 TP s R

LI, AR )iA 2.0255 F12.0318, UEEHYE M 1748 r%téz\ffﬁﬂéﬁ ,29 ﬁﬁléﬁlﬁmﬁfﬁﬁ

f)%ﬁlﬂ%ﬁlzwﬂﬁ:mk/l SRR /NTLOM K e R
5978 SRR A AR, 2R RO 0.7834, BT R
Fa HEHRNTRMSHENE
Table 4 Variation and diversity of quantitative traits

PR FHIE e/ ME R Frifis A5 2 E (%) ZREEEEL
Traits Mean Min. Max. SD CcV H'
M4 (cm) LL 18.2321 9.35 33.28 6.6399 36.42 1.7310
98 (cm) LW 3.1666 1.24 5.20 1.0605 33.49 1.9549
HAEEFN 1.1034 1.00 2.40 0.2758 24.99 0.7834
EEK (em) PL 17.4986 3.74 39.66 9.7431 55.68 1.8636
AEEHM (mm) PD 0.2869 0.20 0.43 0.0527 18.35 1.9923
AL AR (em) FL 77772 5.20 10.23 1.4593 18.76 2.0255
£ AR TEE (em) FW 8.0366 4.46 13.16 2.0186 25.12 2.0318
2R K (cm) DSL 42659 2.76 5.81 0.9673 22.68 1.8269
R %8 (cm) DSW 3.4959 2.28 5.16 0.7781 22.26 1.9923
AEMHK: (em) PL2 5.1576 3.52 8.91 1.1967 23.20 1.7934
TEMETE (cm) PW 2.5431 0.96 4.60 1.1599 45.61 1.8967
JEMEK: (cm) LL2 4.5476 3.04 7.20 0.8288 18.22 1.7305
JEMETE (cm) LW2 2.7324 1.62 5.16 0.9601 35.14 1.8065
RS K (em) SL 1.2793 0.70 2.30 0.4166 32.57 1.8664
RIS FE (em) SW 1.1848 0.62 2.15 0.3762 31.75 1.8480
Fhik(em) OL 46172 2.98 6.72 1.0832 23.46 1.8084
AEHHS /AL 58 PL2/PW 2.5069 0.96 8.72 1.4813 59.09 1.5953
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AL, O BRIE | SR J5 R IE | UK A 5 22 S 2%
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40.5098~1.1241, HA fEIEIE 28 FUS I 3 (o 2R
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1) 2 AR T 785 DS S50 A G 19T ke AN AE 28 R AE , 0 1
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Table 5 Frequency distribution and diversity analysis of quality traits
Pk AR LREREREC
Traits Frequency of different phenotypic degree i

0 1 2 3 4

FEEI PT 0.3793 0.1379 0.4828 0.9925
I T A TR 80 LR 0.4828 0.5172 0.6926
AR LS 0.2759 0.1034 0.6207 0.8860
JE A TR JCERIRZE #) LE 0.3793 0.6207 0.6637
AEZHHFIE AT 0.2759 0.7241 0.5890
s o 7L SP 0.6552 0.3448 0.6442
s i AR A.BE DSPD 0.4828 0.3793 0.1379 0.9925
LA PS 0.3793 0.1379 0.4483 0.0345 1.1167
JElEE £ LMC 0.1724 0.1379 0.1034 0.5862 1.1241
BRI A JE M SBC 0.7931 0.2069 0.5098
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Table 7 Principal component analysis of phenotypic traits

AR F 4 Principle component

Traits 1 2 3 4 5
K LL -0.365 0.531 0.578 0.031 -0.309
58 LW 0.483 0.508 -0.320 0.484 -0.142
HACE FN 0.003 0.535 -0.490 0.024 -0.601
TR PL 0.230 0.774 -0.126 -0.326 0.108
1654 PD 0.373 0.737 0.120 0.250 -0.081
16 AR FL 0.475 0.668 0.319 0.180 0.240
TEARIEE FW 0.338 0.749 0.165 -0.276 -0.122
AR K DSL 0.126 0.614 0.515 0.372 0.138
FRE 5% DSW -0.089 -0.009 0.152 0.822 0.151
1K PL2 0.003 0.881 0.043 0.121 -0.289
e TE PW 0.934 -0.033 0.090 0.154 -0.027
JEME LL2 0.702 0.311 0.158 -0.044 0.345
JEETE LW2 0.813 0.222 0.246 -0.178 0.233
K SL 0.856 0.140 0.184 -0.175 -0.135
TBESE E SW 0.821 0.149 0.034 -0.154 0.049
Tk OL -0.033 0.798 -0.090 -0.280 0.141
TEIRH /AL TE PL2/PW -0.641 0.524 -0.240 -0.145 -0.309
PR PT 0.657 -0.535 -0.014 -0.066 -0.305
IS TR JC RIS S LR 0.367 0.146 -0.835 0.018 0.209
SRR LS -0.972 0.131 0.113 0.037 0.065
JE A AT JCHR S5 LE -0.905 0.245 0.224 -0.135 0.167
TEZRHIE AT -0.935 -0.009 -0.020 0.220 -0.053
eSS A JoFLE SP -0.526 -0.176 0.683 -0.024 -0.090
g S AL BE DSPD -0.558 0.280 -0.451 0.449 0.132
AL PS -0.874 0.280 -0.056 -0.231 0.066
JE e 5 LMC -0.784 0.359 0.276 -0.195 0.166
TS IR A JEM B SBC -0.383 0.462 -0.623 -0.099 0.353
FFE{E Eigenvalue 10.080 6.145 3.218 1.928 1.357
J7 2% 5tk (%) Variance contribution rate 37.334 22.758 11.917 7.141 5.027
ZiF 5Tk % (%) Cumulative contribution rate 37.334 60.092 72.009 79.150 84.176
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Fig.2 Cluster diagram of genetic relationship of germplasm resources of Paphiopediulm
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