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A Principal Component Analysis for the Morphological Characters of
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Abstract - To clarify the morphological and geographical differentiation among the polyploid complexes of L.
lancifolium collections in Korea, the morphological variation of 173 accessions were analyzed by ANOVA (one-way
analysis of variance) and PCA (principal component analysis) on the basis of 38 morphological characters. 173
accessions were grouped into 78 diploids and 95 triploids by ploid levels and the triploids separated into 75 inland
triploids (all around the Korea) and 20 island triploids (Backryung-do and Sochung-do, westernmost and northernmost
islands of Korea) by geographic distribution and morphology. Island triploids showed significant morphological
differences with inland triploids in ANOVA by many floral and leaf characters. In PCAs, diploids were separated from
inland triploids by having longer plant height, smaller flower characters, higher pollen fertility and more stomata. The
first four principal components accounted for 44.1% of the total variation. Plots of the island and inland groups for the
first and second principal components separated each other with slight overlapping. Although the ploid forms are
different between diploid and island triploid, island triploids were more closely overlapped with diploids by principal
component 1 and 2 than inland triploids. This reflects that the whole external morphology of island triploids are similar
to that of diploids. Thus, the phenotypic differentiation between inland and island triploids seems to be partly related to
their geographical origins.

Key words - Lilium lancifolium, Geographic differentiation, Morphological variation, Principal component analysis
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Table 1. Collection sites of Lilium Lancifolium Thunb. in Korea

No. of

Site No. Country or city Prefecture AcCessions Ploidy
1 Goheung-gun Jeollanam-do 4 2x
2 Jin-do Jeollanam-do 2 2x
3 Buan-gun Jeollabuk-do 1 2x
4 Ganghwa-gun Incheon 4 2x
5 Anmyeon-do, Pogu Chungcheongnam-do 5 2x
6 Acha-do Incheon 5 2x
7 Ongjin-gun Duckjuck-do Incheon 4 2x
8 Anmyeon-do, Gomsum Chungcheongnam-do 2 2x
9 Ongjin-gun Mo-do Incheon v 3 2x
10 Ongjin-gun Jangbong-do Incheon 5 2x
11 Ongjin-gun Eulwang-do Incheon 4 2x
12 Ongjin-gun Mooeui-do Incheon 5 2x
13 Jung-gu Jamjin-do Incheon 1 2%
14 Ongjin-gun Yungjong-do Incheon 5 2%
15 Yeongheung-do Incheon 5 2x
16 Ongjin-gun Jawol-do Incheon 5 2x
17 Ganghwa-gun Seokmo-do Incheon 3 2x
18 Ongjin-gun Backa-do Incheon 5 2x
19 Dangjin-gun Daenanji-do Chungcheongnam-do 5 2x
20 Ongjin-gun Yeonpyeong-do Incheon 5 2x
21 Samcheok-si Gangwon-do 5 3x
22 Jeongseon-gun Gangwon-do 4 3x
23 Yeongduk-gun Gyeongsangbuk-do 5 3x
24 Uljin-gun Gyeongsangbuk-do 5 3x
25 Seosan-si Chungcheongnam-do 1 3x
26 Hwacheon-gun Gangwon-do 9 3x
27 Cheolwon-gun Gangwon-do 8 3x
28 Yanggu-gun Chungcheongnam-do 3 3x
29 Yeoncheon-gun Gyeonggi 1 3x
30 Ganghwa-gun Incheon 4 3x
31 Chuncheon-si Gangwon-do 10 3x
32 Yangyang-gun Gangwon-do 2 3x
33 Gangneung-si Gangwon-do 2 3x
34 Yeongwol-gun Gangwon-do 7 3x
35 Hongcheon-gun Gangwon-do 2 3x
36 Sochung-do Incheon 11 3x
37 Backryung-do Incheon 9 3x
38 Chuja-do Jeju 3 3x
39 Dangjin-gun Chungcheongnam-do 2 3x
40 Suncheon Jeollanam-do 2 3x
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Table 2. Characters used in the morphological analysis of Lilium lancifolium Thunb

Abbreviation Character When measured é{i Itlétgoorry
Quantitative characters

QN1 Number of outer tepal blotch after anthesis number
QN2 Number of inter tepal blotch after anthesis number
QN3 Length of outer tepal blotch central part mm
QN4 Length of inner tepal blotch central part mm
QNS Number of outer tepal papilla after anthesis number
QN6 Number of inner tepal papilla after anthesis number
QN7 Length of papilla mean of longest 5 mm
QN8 Length of stamen just before anthesis of middle flower cm
QN9 Length of pistil just before anthesis of middle flower cm
QNI10 Length of ovary just before anthesis of middle flower cm
QN11 Length of style just before anthesis of middle flower ~ cm
ON12 Length of flower stalk just before anthesis of middle flower cm
QN13 Diameter of peduncle just before anthesis of middle flower mm
QN14 Length of outer tepal middle flower cm
QN15 Width of outer tepal middle flower cm
QN16 Length of inner tepal middle flower cm
QN17 Width of inner tepal middle flower cm
QN18 Length of leafthigher part) after anthesis cm
QN19 Length of leaf(middle part) after anthesis cm
QN20 Length of leaf(lower part) after anthesis cm
QN21 Width of leaf(higher part) after anthesis cm
QN22 Width of leaf(middle part) after anthesis cm
QN23 Width of leaf(lower part) after anthesis cm
QN24 Ratio of Length/Width(Leaf) 10 largest leaf of middle part ratio
QN25 Length of flower bud just before anthesis of middle flower cm
QN26 Width of flower bud just before anthesis of middle flower cm
QN27 Plant height at the last flowering cm
QN28 Number of flowers at the last flowering number
QN29 Number of stomata within 5mm?2 number
QN30 Length of stomata mean of 10 stomata (m
QN31 Pollen fertility carmine staining ratio
QN32 Diameter of pollen mean of 10 pollen £
QN33 Flowering time date of first flowering day
QN34 Formative location of bulbil from ground at vegetative period cm
QN35 Developing time of bulbil at vegetative period date

Qualitative characters

purple and green-2,

green-3

top of blotch-1, middle of blotch-2,
low class of blotch-3

slightly pubescent-1, pubescent-2,
heavily pubescent-3

QL1 Color of stem at flowering stage purple-1,

QL2 Presence of blotch at flowering stage

QL3 Degree of stem pubescence at flowering stage

HE), QNIs(HiEHEde]), QN20GEHIFY), QN23GIE 3 AeR ¥EiRle=tKim e al, 2005), 2uRFeh WS 3ufA]
E) QN24(3‘1—I§—4 T/ GE v), QN25EEPY), QN27(ZY), 7 Aot e FE Fold 2uiAet A 3R Aot gl
QN29(7IE<M), QNBO(Z15-20)) Solich. FHRE= QNIOHED), QNA(HERRINEIEC),  QNB(SElERF
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Table 3. Mean and standard deviation for the 35 quantitative characters of 173 accessions of diploids (a), triploids of inland (b)
and island (¢) of L. lancifolium

Populations of

Morphological character 2x(a) Inland 3x(b) Island 3x(c) cc?r:;;rStil;c?i*
(N=78) (N=75) (N=20)

QN1(Number of outer tepal blotch) 69.5£16.6 73.849.8 67.5+£8.2 a=c, a¥b, b=c
QN2(Number of inner tepal blotch) 86.0£17.2 87.1x10.1 81.4£6.2 NS
QN3(Length of outer tepal blotch) 1.9+0.4 2.5+0.5 2.2+0.2 a=b=*c
QN4(Length of inner tepal blotch) 2.0£0.5 2.7+0.5 2.2+0.2 a=c, a¥b, b=c
QNS5(Number of outer tepal papilla) 5.6+3.0 9.1+3.0 6.5+1.8 a=c, a#=b, b=c
QN6(Number of inner tepal papilla) 12.249.4 19.1£5.8 17.0+5.3 a=b, axc, b=c
QN7(Length of papilla) 1.5£0.7 2.3:0.7 2.320.7 a=b, a=c, b=c
QN8(Length of filament) 6.91£0.5 7.9£0.3 7.4£0.4 az=b=c
QN9(Length of pistil) 5.8+1.0 6.5+0.6 6.2+0.7 a=c, b=c, a=b
QN10(Length of ovary) 1.7+0.5 2.1+0.8 1.5+0.2 NS
QN11i(Length of style) 7.5¢1.5 8.4+0.6 - 7.7£0.8 a=c, b=c, a#b
QN12(Length of flower stalk) 9.7£2.9 7.8£0.9 11.2+0.9 a=b#c
QN13(Diameter of peduncle) 5.0£0.8 5.6x0.8 4.9+0.5 a=c, a¥b, b=c¢c
QN14(Length of outer tepal) 8.3+0.1 10.4+£0.8 9.3+0.4 a=b=c
QN15(Width of outer tepal) 1.9+0.2 2.1£0.2 2.1+0.3 a=b, a=c, b=c
QN16(Length of inner tepal) 8.5+1.0 10.4+0.7 8.6+0.6 a=c, a=b, b=c¢c
QN17(Width of inner tepal) 2.4+0.3 2.9+0.3 2.7+0.3 a=b#=c
QN18(Length of leaf(higher part)) 8.4+3.1 7.2+2.1 8.3+0.8 NS
ON19(Length of leaf(middle part)) 15.1£3.6 15.5£2.5 17.3x1.9 a=b, as=c, b=c
QN20(Length of leaf(lower part)) 9.7+£2.0 10.6x1.9 10.9+£2.2 a=b, a=c, b=c
QN21(Width of leaf(higher part)) 1.9£0.5 2.0+£0.4 2.0£0.2 NS
QN22(Width of leaf(middle part)) 1.3+£0.9 1.5+0.2 1.5+0.2 NS
QN23(Width of leaf(lower part)) 1.3+0.3 1.5+0.2 1.4+0.1 a=b, a=c, b=c
QN24(Ratio of Length/Width(Leaf)) 13.5+£3.6 10.2+1.6 11.7¢ 1.0 a=c¢, b=c, a=b
QN25(Length of flower bud) 7.4+1.1 8.8+1.0 7.6£0.7 a=c, a¥b, b>*c
QN26(Width of flower bud) 1.6+0.3 2.1£2.0 1.9+0.2 NS
QN27(Plant height) 140.7+24.4 122.5+17.0 145.5+18.0 a=c, a=b, b=c¢
QN28(Number of flowers) 7.7£4.8 8.5+4.9 7.0£2.5 NS
QN29(Number of stomata) _ 85.3x£21.8 66.5+£16.6 71.5£10.5 a=b, a=c, b=c
QN30(Length of stomata) 8.3+2.4 10.9+2.4 10.3z1.4 a=b, a=c, b=¢c
QN31(Pollen fertility) 19.8+14.9 2.6x4.2 16.4+6.2 a=c, a¥=b, b=c
QN32(Diameter of pollen) 6.1x4.2 7.2+£3.9 7.1£3.7 NS
QN33(Flowering time) 14, Jul. 16, Jul. 12, Jul. © NS
QN34(Formative location of bulbil) 2.2+0.9 2.6+0.8 1.2+0.5 a=b=c
QN35(Developing time of bulbil) 24, May. 25, May. 28, May. . NS

*The difference between each pair of the different ploid groups was tested by ANOVA followed by Student-Newman-Keuls test(p<0.05).
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Table 4. Cumulative variances of the 1st,
quantitative characters on each principal component

A e 2, 394 MR Y FHE BA

2nd, 3rd and 4th principal components and the loadings of 38 qualitative and

) Eigenvectors
Morphological character 1 5 3 1
QNi4(Length of outer tepal) 0.906 0.004 0.028 -0.095
QN16(Length of inner tepal) 0.894 -0.027 0.076 -0.059
QN17(Width of inner tepal) 0.785 0.120 0.068 0.076
QN25(Length of flower bud) 0.784 0.051 -0.017- -0.004
ON8(Length of filament) 0.782 -0.115 0.104 0.080
QN3(Length of outer tepal blotch) 0.690 -0.224 0.048 -0.163
ONS5(Length of outer tepal papilla) 0.683 0.093 0.144 0.106
QN7(Length of papilla) 0.674 0.050 0.203 0.079
QN15(Width of outer tepal) 0.663 0.244 0.127 0.086
QN4(Length of inner tepal blotch) 0.637 -0.334 -0.0002 -0.163
QNI1(Number of outer tepal blotch) 0.529 0.271 0.087 0.242
QN6(Number of inner tepal papilla) 0.501 -0.028 0.061 0.049
QN23(Width of leaf(lower part)) 0.483 0.048 -0.031 -0.089
QN11(Length of style) 0.441 -0.155 -0.634 0.453
QN13(Thickness of peduncle) 0.428 0.171 0.248 -0.287
QN30(Length of stomata) 0.398 -0.147 -0.050 -0.245
QN2(Number o_f inner tepal blotch) 0.391 0.385 0.207 0.239
QN9(Length of pistily 0.378 -0.211 -0.664 0472
QN21(Width of leaf(higher part)) 0.366 0.526 0.187 -0.012
QN28(Number of flowers) 0.311 0.568 -0.324 -0.120
QN19(Length of leaf(middle part)) 0.245 0.535 -0.224 -0.221
QL1(Color of stem) 0.229 -0.093 -0.071 -0.529
QN20(Length of leaf(lower part)) 0.225 -0.121 -0.261 -0.163
QN26(Width of flower bud) 0.218 0.004 0.212 0.228
QN34(Formative location of bulbil) 0.211 -0.371 -0.291 -0.353
QN35(Developing time of bulbil) 0.185 0.415 -0.476 -0.293
QN22(Width of leaf(middle part)) 0.183 -0.166 -0.075 0.060
QN32(Diameter of pollen) 0.179 0.083 -0.348 -0.384
QN10(Length of ovary) 0.127 -0.064 -0.436 0.429
QL2(Presence of blotch) 0.093 0.442 -0.107 0.120
QN18(Length of leaf(higher part)) 0.071 0.672 -0.009 -0.159
QN33(Flowering time) -0.016 -0.584 -0.018 -0.224
QL3(Degree of stem pubescence) -0.147 0.471 0.178 0.148
QN12(Length of flower stalk) -0.193 0.566 -0.094 0.188
QN24(Ratio of Length/Width(Leaf)) -0.208 0.416 -0.014 -0.008
QN27(Plant height) -0.261 0.605 -0.234 -0.120
QN29(Number of stomata) -0.469 0.092 -0.137 0.165
QN31(Pollen fertility) -0.606 0.238 -0.036 -0.134
Cumulative variance(%) 22.8 10.5 5.6 52
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