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Phenotypic Diversity Analysis of Five Wild
Paphiopedilum hirsutissimum Populations

WANG Wen-xiao', CHENG Hao’, XU Yu-feng', GE Hong’, YANG Shu-hua’, ZHAO Xin’,
WU Rong-hua', JIA Rui-dong’
('Forestry College, Henan Agricultural University, Zhengzhou 450002
*Institute of Vegetables and Flowers, Chinese Academy of Agricultural Sciences , Beijing 100081 )

Abstract: In this study, we investigated the phenotypic diversity of 18 characters on five main natural
populations of Paphiopedilum hirsutissimum ( Lindl. ex Hook. f. ) Stein that were collected from three provinces
Yunnan, Guangxi and Guizhou in China. The statistical methods used included nested variance analysis,
coefficient of variation, correlation analysis, principal component analysis ( PCA ) and cluster analysis. The
results revealed significant difference at most phenotypic traits among populations if compared to that within
populations. The mean phenotypic differentiation coefficient ( Vg, ) was 75.18%, indicating that the population
diversity was largely contributed by the variation among populations. The average variation coefficient of the 18
phenotypic traits was variable from 6.36%—-18.51%, with a higher degree of dispersion. PCA showed that plant
height, length of ovary, scape height, length of maximum leaf, diameter of flower and length of synsepal were
the main sources of phenotypic variation. Pearson correlation analysis showed that plant height, width of synsepal
and width of dorsal sepal were significantly or extremely significantly positively correlated with the majority of
plant traits, whereas only the length of synsepal was extremely significantly correlated with geographic factors.
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Cluster analysis revealed three groups from the five populations, which could be explained by the geographic

distribution. This study found that populations of Paphiopedilum hirsutissimum ( Lindl. ex Hook. f. ) Stein have

high genetic diversity, and the variation between populations is much higher than that within the population. The

phenotypic diversity indicates that wild Paphiopedilum hirsutissimum ( Lindl. ex Hook. f. ) Stein populations

should be protected as much as possible. Moreover, it is recommended that germplasm is preserved in nurseries

and libraries in addition to in-sifu conservation, and that an artificial reproduction system is established enhance

our conservation efficiency.

Key words: Paphiopedilum hirsutissimum ( Lindl. ex Hook. f. ) Stein; natural population; phenotypic

diversity
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Fig. 1 'Wild habitat and flowering plant of P. hirsutissimum ( Lindl. ex Hook. f. )

Stein populations in Yunnan, Guizhou and Guangxi
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Table 1 The geographical sites and habitat of five P. hirsutissimum

( Lindl ex Hook. f. ) Stein populations
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Population code Collection sites Habitat Altitude
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Population YDZ %4 HEARA

YXC JE#f mHAEELE KA, 1000
Population YXC 2 AR

QWF Jeff SR EIERTT KA EE 1300
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GYC Jaif IR FHR X AN 1000
Population GYC Sl BAEK S

GML JE#f JUVRH R R X AR 700
Population GML EIIREY N7t
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E: synsepal, F: scape, G: leaf 2 z:nt%l_iﬁd;ﬁ

2 HHRZRSFERMATEE
Fig. 2 Schematic diagram of floral organs and leaves of 21 HwHRXENMEREEHDSEBEINER
P, hirsutissimum ( Lindl. ex Hook. f. ) Stein KA G22 5 A JRRER 18 PSR 510 )7
2253 M Ml Duncan’s 2 LA (2 ). HOBm YR

H Y= +SAHT e e 20 HT: Yy 8 5 1A JE B
B AR EE KA WIAE; o R REE; SO R IRBIASEIIE T, & r PG Bk S R RE (YXC

R2 FHREEERMEMERERTESTER
Table 2 Nested ANOVA analysis at the phenotypic traits of P. hirsutissimum ( Lindl. ex Hook. f. ) Stein

A TEE; B ARGHES; C: B D: s B G4 Fo 4825 G ih R
A petal, B: false stamen, C: lip, D: dorsal sepal ,

YDZ fuft YXC JETE WF mif GYC/E#E GML B P vl

ifﬁf}i{i trait Population Population gopulation Population Population /iifa{gae ? jil;ﬁj E Tﬁiv‘]

YDZ YXC QWF GYC GML g 1thin

populations  populations

kkw PH 33.73+3.77b 33.77+4.53b 3021+5.55¢ 36.95+5.66a 33.56+3.10b  33.64 5.03" 2.14"
R LML 36.47+6.99bc 41.92+881a 30.82+5.50d 3578 +6.73¢c 39.97+6.27ab  36.99 8.917 1.45
A9 WML 192+033bc  2.07+025a 1.892026c 2.03+027ab 2.03+023ab 1.99 297 0.82
R LN 460+0.89b 4.87x1.11ab 5.07+058a 5.03+0.6la 447+0.73b 481 327 0.98
16251 SH 24.05+244a 23.56+3.13a 1828+4.17b 23.58+4.03a 22.94+251a 2248 11.49” 3.28”
1Ef# 1% DF 1124+091b 10.82+1.44b 11.63£0.96ab 11.24+297b 1243+1.19a  11.47 3.99" 0.97
eI F VF 7.03+£095b  7.07+0.78b 7.77+1.06a 7.02+0.70b 7.21+0.78b 7.22 3.62° 1.20
JEMER#E DL 228+027¢ 2.09+037d 228+029c¢ 2.70+027a 247+0.30b 2.37 20.69" 0.78
JEAME VL 424+025b 4.18+028b 455+022a 4.12+£027b 4.65+036a 435 30.28" 0.63
GHEAKLS 351+024b  3.63+040b 3.57+0.53b 3.67+043b 3.92+0.57a 3.66 5.67" 0.57
HER T WS 2.68+042ab  2.53+0.36b 2.70+0.38ab 2.83+0.32a 280+042a 2.71 2.66° 1.14
s B K LDS 416+029abc 4.10+£045bc 3.96+053¢c 422+040ab 433+0.38a 4.16 2.54 1517
FRE 5 WDS 374£038a 341+051b 3.53+047ab 3.74+033a 3.50+0.30b 3.58 3.92" 1.00
RS AR DFS 1.10£0.16a  0.86+0.19b 0.89+0.13b 0.89+0.08b 0.92+0.09b 0.93 14.66" 0.98
BALIERE YIS VFS 1.06+0.13¢  099+024c 123+0.18b 1.34+0.18a 1.06+0.06¢ 1.14 11.14” 327"
FHEKLO 630+£1.05b 629+1.16b 535+0.63b 7.02+0.89a 6.03=1.11c¢c 6.20 12.33" 0.87
TEHHE LP 637+023ab  6.13+0.54b 629+0.55ab 6.58+0.55a 6.46+1.20 ab 6.37 153 1.32
TEMTE WP 244+028a 225+020b 229+031b 245+022a 224x023b 2.34 3.99" 1.42

26 TR B Sl R B MR BRI + FRvEZS, a b c N Duncan’s groping %88, FHRAHFEH W HEMESFARE, "R BEELS

P<0.01, " FRBHES P<0.05, R

The values are the mean + std of phenotypic traits data, a, b and ¢ represent Duncan’s grouping value and the difference among populations with same
letter is not significant.” means significance at the 0.01 probability level while, " means significance at the 0.05 probability level. PH: Plant height, LML :
Length of maximum leaf, WML : Width of maximum leaf, LN: Leaf number, SH: Scape height, DF: Diameter of flower, VF: Vertical of flower, DL:
Diameter of lip, VL: Vertical of lip, LS: Length of synsepal, WS: Width of synsepal, LDS: Length of dorsal sepal, WDS: Width of dorsal sepal, DFS:
Diameter of false stamen, VFS: Vertical of false stamen, LO: Length of ovary, LP: Length of petal, WP : Width of petal. The same as below
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Table 3 Variation coefficient of phenotype traits in the populations and its Duncan’s test of C} among populations and

phenotype traits of P. hirsutissimum ( Lindl. ex Hook. f. ) Stein (%)
TRFEECV
FARIHAR S
Phenotype trait YDZ Jihtf YXC Ja QWF Jiftf GYC Ja GML Jftf Average
Population YDZ  Population YXC Population QWF Population GYC  Population GML
Wk PH 11.17 13.42 18.37 15.33 9.24 13.50 ABCD
FAKMH LML 19.17 21.03 17.84 18.79 15.69 1851 A
AN FE WML 17.28 12.08 13.62 13.50 11.44 13.58 ABCD
I F g LN 19.44 2272 11.51 12.22 16.35 16.45 AB
6250 SH 10.13 13.30 22.84 17.08 10.95 14.86 ABCD
1EME4E DF 8.09 13.34 8.22 26.44 9.55 13.13 ABCD
Y\E VF 13.56 11.01 13.58 9.94 10.88 11.79 BCD
JE HEi 72 DL 11.79 17.52 12.64 10.10 12.15 12.84 ABCD
[BRE VL 5.89 6.70 4.82 6.57 7.82 6.36 E
BERKLS 6.80 10.95 14.86 11.80 14.64 11.81 BCD
G5 WS 15.53 14.24 13.96 11.18 15.15 14.01 ABCD
FE K LDS 7.01 11.02 13.42 9.46 8.68 9.92 CDE
HE 58 WDS 10.12 15.00 13.32 8.93 8.55 11.19 BCD
IR HEREREAE DFS 14.66 22.04 14.43 9.24 9.72 14.02 ABCD
IREHER IR VES 11.97 2451 14.35 13.39 5.86 14.02 ABCD
TRk LO 16.73 18.42 11.81 12.69 18.42 15.61 ABC
AEHE LP 3.60 8.80 8.68 8.42 18.54 9.61 DE
AEIETE WP 11.42 8.70 13.69 9.13 10.26 10.64 BCDE
F-H{H Mean 11.91 14.71 13.44 12.46 11.88 12.88
Z ¥ H# Duncan’s A A A A A

A.B.C.D.E & Duncan grouping /R {H , F-BI AR /R BAHN 22 5 AN i 2

A, B, C, D and E represent Duncan’s grouping value and the difference among populations with same letter is not significant



54 AR AR 2L 5 ANEFAE SRR Z AR T 1201
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R4 THRZEFRIEURKNAFZESESEHRERES
Table 4 Variance component and phenotype differentiation

coefficient of morphological traits among and
within population of P. hirsutissimum ( Lindl. ex

Hook. f. ) Stein (%)
TS EE ST
Percentage of variance R
FEFUPER portion A
Phenotype Trait JEEA] JEREN ?henOWPe.Of
differentiation
Among Within coefficient
populations  populations

Pk PH 17.25 22.83 43.03
K LML 24.94 9.79 71.81
AR5 WML 5.13 0 100.00
A %CLN 6.88 0 100.00
16258 SH 39.45 26.13 60.16
b2 DF 8.86 0 100.00
14 VF 8.96 5.69 61.16
% DL 33.80 0 100.00
JEMHIE VL 38.14 0 100.00
HHERFKLS 8.11 0 100.00
BHEA 5 WS 5.68 4.11 58.02
5K LDS 6.22 13.64 31.32
T H 55 WDS 8.87 0 100.00
iRfL S 42 DFS 30.93 0 100.00
IREHES IR VES 38.60 26.43 59.36
FHEEKLO 24.70 0 100.00
TEAE LP 2.06 9.34 18.05
AEHETE WP 11.04 10.93 50.25

-1 Mean 17.76 7.16 75.18

17.76% 1 7.16% , 7 W7 i 50 2% SR A (] 9 7 (LR B
KEBREN B R, A7 FyE 22 18 AR A MR
1AL R ECE IR 18.05%~100.00% , 7Y
I3 BB/ REAE IR (18.05% ), I ALK AE
JERERN 2z SR E /N, 5 AP AR L AR
SE X R A AR S R, A g SR ]
18 >R AV AR 1y R AL o34k R B IE N 75.18%,
JiE T 2 0 A S A R A 18] R A PN SR 4
75.18% 1 24.82% , F B 5 | AL 47 i 41 == i i R AL AR
S ORI SRR AR 5
2.4 HHEZRBEROERS S
XTSRS AN JERE 18 SRR AT
BT AT (3R 5), A E Bl A, 1 3 A sy
) BRUTTHR A 86.66% , Hif 3 4~ A FEATT LI
TG F T S TE 1R B

x5 M3INERSRAFHEERFHEE
Table 5 component score coefficient and eigenvalue of first
3 ingredient
Ty 1

Principal

F 2

Principal

Fs 3

Principal

ESITIERN

Phenotype trait

component 1  component 2 component 3

P PH 0.373 -0.032 -0.062
KM LML 0.147 -0.422 0.035
K58 WML 0.195 -0.305 0.059
A %CLN -0.099 0.224 -0.228
=5 SH 0.320 -0.227 -0.089
b2 DF -0.032 0.059 0.473
AEHE VF -0.331 0.202 0.123
JEARAE DL 0.262 0.258 0.203
JEIAE VL -0.207 0.028 0.402
GEAKLS 0.097 -0.147 0.433
BHEE G WS 0.189 0.283 0.301
K LDS 0.299 -0.128 0.272
HE 58 WDS 0.238 0.303 -0.121
IRMLHES 42 DFS 0.087 0.065 -0.098
IRLHER IR VFS 0.081 0.399 0.008
ThK Lo 0.364 -0.029 -0.133
MK LP 0.270 0.262 0212
AL WP 0.238 0.268 -0.228
HEEE Eigenvalue 6.644 4768 4.188
TTHERR (% ) 36.91 26.49 23.26
Proportion
ST (%) 36.91 63.4 86.66
Cumulative
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A = 21 %

F7 REMERSHIEERTFREXES
Table 7 Correlation analysis between phenotypic and geo-
ecological factors

ESIUNADIN £y i Tk
Phenotype trait Longitude Latitude Altitude
W PH -0.054 0.312 -0.367
FeRkmM+K LML -0.368 0.224 -0.623
K98 WML 0.026 0.442 -0.797
- LN 0.240 -0.333 0.331
1625 SH -0.500 0.102 -0.292
1Ef#1% DF 0.671 0.775 -0.494
% VF 0.487 -0.071 0.262
JEH#1E DL 0.649 0.681 -0.354
JEIMIE VL 0.559 0.478 -0.279
HHERKLS 0.600 0.942" -0.944"
B WS 0.728 0.735 -0314
H# B K LDS 0.174 0.751 -0.710
HHEE R 58 WDS -0.082 -0.086 0.431
IRfEHEE 12 DFS -0.561 -0.339 0.545
IREHERE IR VFS 0.625 0.2038 0.129
Tk LO -0.168 0.1678 -0.245
A LP 0.542 0.641 -0.261
AEIETE WP -0.226 -0.252 0.502
I BT T
JUEMNT AL &
it
JIUa SRl B & i
RV ERL S R
e TR DY S L
0.00 025 050 075 1.00 125

RKECHEES Eudidean distance

B3 ET 18 MREERKHEH RZEHRENTEE
Fig. 3 Clustering Tree Map of P. hirsutissimum ( Lindl. ex
Hook. f. ) Stein population based on 18 phenotypic traits
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Ay Z G R TR o i o 22 Oy AL
B, AE e B A AP — B A L by B A
BGIER —AA 2RI IR P BB
i FfE A Z () — b BT [ AL G AR B A

F R 2 B AR R K S 5
WA ) (W] — Wy A ml BEAETEA R R 280 &, S RAIEA:
B, 77 A AR A B VIR 3 A 5 | AL R, P g
AR E ML R E

FHGT TR R K R R Rt
K AR TG 2 K AR R S0 A A T i =2
JERERAZAEPER E 2R g R UL i =2
JERERI Z R B SR MR A A s MR AL R T Y
G5, JHEAERPAME B T 5 RN SR AR PR
= AEZE RN R EE R T O AN, 5Ot
EVEFIADG; e 56 = R K B2 1T XHE Ry L
RIS PR, SR OC . 18 AR BIHIR B AR e 43
BraR i, PR B KIS R oK S 58 R PRI 5
AR R AR S IEADG X ST AMIIE S R — 3 72T
2 ( Gymnadenia conopsea (L. ) R. Br. ) 13 &1/ #r
S50 WAL P AR B R R I IR PR S A AR
AR AR AR AR B R R
SEACSR W B SR, WS M R Ui E B
BHERS BRI AE R ALK 35 B e R R AT,
— L YRR AR AL TR T 1 KNS AR H
RIS SR E R Y, bR AR K R
AR SRR, AN TR AR B A I X0, AT fg
MR AE 2R R R BT S =2 TR
TR A gE 2= A MR PR A A DG 43
Bras R BoR , 48 25 B SR AT g0 =2 m R A
SRR, 5HAY 17 DR AR A9 AR AR M
AN UL 26 B AR S B N AN 25
A JE AR ) A2 S 1 A

X5 AN g 22 R T Q BUIRAE, JR A AT
FR3E, Hh, SRS RS s
We B3k & RBEECN A 1258, ViR B K 2
JERES PR AR £ BRI 5 1258, 5t
B e FL T W AR R R R o T2, SRR A IR 5B
(i) Ja EE 408 £y b 37 B AR KOS ARG . RN
PR AZ B4R AR A IR B S5 Yy [R5 e, 150 BH B 2K
SRS & R AE RIS AR A G, TELUET
ZAHYIHE T B9 T B, REL ) ) 2 R0 A R B A 2
i B DR T 4 R TR S — e AR R,
W& ( Sinocalycanthus chinensis W. C. Cheng & S. Y.
Chang ) [ & 843 AT 285 R b R, b 3 R 5 2 366 A
BRI AZ 52 BHL, 4G AR AR A J A 8] 43 Ak ) = A
U A IR, W S
SN AN VG A A AR R AR ) L DX S b S A
FEIE BB 8 /N LU, 78 5P 2% SR T I T
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