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Investigation of seventeen phenotypic traits from five natural Primula maximowiczii populations
showed significant differences among all the traits both within and between populations. The phenotypic
differentiation coefficient ( V) ranged from 0.09 to 0.34. Phenotypic diversity within populations was
higher than that among populations and the main source of variation was observed within populations. The
variation coefficient ( CV) of phenotypic traits ranged from 13.71% to 48.80% . The color of corolla
eyes is the most unstable trait ( CV =48.80% ) while the corolla tube length is the most stable trait
(CV=13.71%) . Leaf number leaf length leaf width scape diameter inflorescence number and
flower number were significantly positively correlated while stigma type was significantly negatively
correlated with corolla tube length. Pin-type plants usually had shorter corolla tubes while thrum-type
plants had longer corolla tubes. Most phenotypic traits showed a significantly positive correlation with
longitude and latitude but a significant negative correlation with altitude and annual rainfall. UPGMA
cluster analysis classified the five P. maximowiczii populations into two groups without a clear geographic
correlation.
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Tab.1 Locations and ecological factors of the sampled populations of P. maximowiczii
/m /C /mm /d
LS 28 115°28°07"E 40°02°05"N 2 000 ~2 200 4.8 611.9 160
NMG 28 118°45°07"E 44°11720"N 1937 2.0 400.0 100
PQG 24 111°30°15"E 37°52721"N 1 900 ~2 100 4.3 830. 8 100
SHB 38 117°30°04"E 42°27729"N 1 800 -1.4 454.2 59
WTS 26 113°39740"E 39°03°31"N 2 500 ~2 700 -4.2 966. 3 75
1.2 1.3
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Tab.2  Quantified value of corolla color and corolla eye color
2
Yellow.Green-Yellow =1 Yellow-Orange =2 2.1
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Tab.3  Multiple contrast of phenotypic traits among five populations of P. maximowiczii
/em /em /em /em
LS 13.710 £3.101°  11.889 £2.959"  3.877 £1.097"  27.629 £6.263"  0.645 £0.539"  1.820 £0.476" 16.710 £6.959"
NMG 12.390 £3.258" 13.832 +3.842° 4.714 £1.132°  39.543 £8.620" 0.668 +0.237" 2.000 £0.471"  21.140 £8.623"
PQG 9.920 £2.765° 10.314 +£3.954**  3.624 +1.031** 22.083 +10.146* 0.444 +0.189" 1.710 £0.624"  12.000 +7.126"
SHB 13.000 £4.133* 11.637 £2.663"  3.968 £1.007" 34.234 £7.422° 0.684 £0.228"  1.920 +0.673* 25.680 = 13.303"
WTS 11.150 £4.529™  8.724 +2.223"  3.241 £0.641" 24.889 £5.120™ 0.428 +0.127° 1.670 £0.555" 11.960 +5. 148"
12.170 +3.848 11.348 +3.517 3.902 £1.093 30.232 £9.769 0.586 +£0.316 1.803 £0.578 18.260 +10.582
/em /em /em /em /em /em /em
LS 1.806 £0.414" 1.494 £0.189 0.971 £0.150"  0.419 £0.084" 1.265 £0.395" 0.290 £0.080" 1.050 £0.234°
NMG 1.819 £0.295" 1.452 £0.235" 0.840 £0.140"  0.383 +0.092" 1.994 £0.702" 0.365 £0.095" 0.809 £0.135*
PQG 2.063 £0.401* 1.850 +0.239" 1.165 +0.310°  0.400 +0.102* 1.643 £0.573° 0.279 £0.108" 0.923 +0.206"
SHB 1.961 =0.499" 1.528 +0.219" 0.960 +0.165"  0.436 £0.096° 1.306 £0.409" 0.305 £0.053" 0.896 +0.205"
WTS 2.140 £0.287° 1.602 £0.201° 0.966 =£0.138"  0.394 +0.089" 1.035 £0.333" 0.424 £0.127° 0.866 =0.127"
1.952 £0.415 1.574 £0.253 0.974 £0.210 0.409 £0.095 1.439 £0.591 0.331 £0.106 0.908 £0.203
+ ;avbiead Duncan grouping o
4
Tab.4  Variance analysis of phenotypic traits among and within populations of P. maximowiczii
( ) F
1.7335 (4) 0.469 8 (139) 0. 006 7 3.69™ 69. 69 **
1.896 3 (4) 0.131 1 (139) 0.006 5 14. 47 20.19*
1.041 7 (4) 0.098 8 (139) 0.004 0 10. 54 24,51
0.042 6 (4) 0.023 1 (139) 0.001 7 1,84 14,01
11.534 9 (4) 0.736 7 ( 139) 0.007 7 15. 66 95.41*
0.296 2 (4) 0.022 9 (139) 0.001 8 12.93* 13.72
0.674 7 (4) 0.097 7 (139) 0.005 2 6.91° 18. 84
’ a =0.05 . a=0.01 o
5
Tab.5 Variance portions and differentiation coefficients of phenotypic traits among and within populations of P. maximowiczii
/%
/%
0.014 7 0.154 4 0. 006 7 8.38 87.78 3.84 0.09
0.020 6 0.041 5 0.006 5 30. 00 60. 54 9.46 0.34
0.011 0 0.031 6 0.004 0 23.57 67.78 8. 65 0.26
0. 000 2 0.007 2 0.001 7 2.52 79.17 18.31 0.03
0.1259 0.243 0 0.007 7 33.42 64.53 2.05 0.34
0.003 2 0.007 1 0.001 7 26. 69 59.32 13.99 0.31
0. 006 7 0.030 8 0.005 2 15.74 72.13 12.13 0.18
2.2 2 ; NMG.PQG  SHB
( 6) 7.34% 8. 49%
17.09% 17 4.64% 3 o
(LS WTS 2
. LS WTS 2 N N
32.96% 32.01% 28.40% ; NMG.PQG  SHB
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Tab.6 Coefficients of variance of phenotypic traits .
among populations of P. maximowiczii %
44.96%  41.33% 2
LS NMG PQG SHB WTS
22.61 26.29 27.88 31.79 40.63 29. 84 : 13.71%
24.88 27.78 38.34 22.88 25.49 27.87
28.29 24.01 28.46 25.36 19.76 25.18 .
22.67 21.80 45.94 21.68 20.57 26.53 )
83.57 35.52 42.57 33.38 29.77 44.96 P LS PQG
26.11 23.57 36.53 35.04 33.28  30.91 30.75%  30.59%
41.64 40.78 29.38 51.80 43.03 41.33 2
22.90 16.19 19.43 25.45 13.39 19. 47
12.63 16.16 12.91 14.30 12.57 13.71 ! WTS.NMG SHB
15.50 16.70 26.61 17.21 14.31  18.07 27.60% 26.88%  26.20%
20.12 24.05 25.43 22.13 22.60 22.87 2
31.50 35.19 34.91 31.35 32.13 32.97
27.70 26.16 38.70 17.25 29.85 27.93 °
22,29 16.65 22.35 22.88 14.69  19.77 2.3
32.64 35.71 41.11 35.41 33.07 35.59 17
32.96 7.34 8.49 4.64 32.01 17.09 7
55.00 63.00 41.00 33.00 52.00  48.80 ( ) X X
30.75 26.88 30.59 26.20 27.60 28. 40 > N N
48. 80%
7 Pearson
Tab.7 Pearson correlation coefficient (r) for phenotypic traits and their significance in the populations
0.395*
0.2857  0.733*
0.153 0.5277% 0,457
0,294 0.4117 0.366™ 0.344™
0.216™ 0.436™ 0.4697™ 0.3437 0,257
04437 0471 0.405™ 0.450™ 0.464™ 0.568 ™
0.001  -0.065 -0.023 -0.017 -0.021 -0.095 -0.013
-0.119  -0.180" -0.077 -0.207" -0.136 -0.131  -0.158 0.2217*
0.020  0.075  0.142 -0.090 0.016  0.046 -0.021  0.378™ 0.419*
0. 140 0.083 0.2317 0.047 0. 068 0.115 0.159 0.204" 0. 146 0.555*
0.080 0.397* 0.366™ 0.290* 0.180° 0.184"  0.208" 0.055 0.016 0.116 0.003
0.097  -0.005 0.107 0.049 -0.022 -0.055 -0.084 0.186" 0. 080 0.089 0.226™ 0.020
0.179" 0. 069 0.125 -0.083 0.102 0.008 0.136 0.032 0. 159 0.334* 0.191" -0.027 -0.071
-0.003 0.025 -0.032 -0.064 0.036 -0.070 0.008 0.102  -0.276™ 0.007 -0.048 -0.065 -0.092 -0.050
-0.032 0.037 0.062 0.081 -0.038 0.128 0.131 -0.036 -0.012 -0.043 -0.038 0.137 0.010 -0.096 -0.205"
0. 046 0.069 0.134 0.100 -0.023 0.087 0.256 ** -0.039 0.137 0.182" 0.109 0.147 -0.074 0.088 -0.083  0.405™**

2.4
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Tab.8 Correlation coefficients between geo-ecological factors and phenotypic traits of P. maximowiczii

0.238™ 0.187" -0.109 -0.227* 0.042 0.103
0.369** 0.383* -0.330™ -0.429* 0.232** 0.125
0.343* 0.371* -0.285™ -0.380" 0.167 0.055
0.614* 0.633* -0.339™ -0.568™ -0.050 —0.141"
0.310™ 0.289* —0.249™ -0.336™ 0.076 0.034
0.187" 0.194" -0.158 -0.203" 0. 042 -0.014
0.410* 0.392* -0.379* -0.440™ -0.082 -0.196"
-0.208" -0.190" 0.182" 0.256™ -0.225™ -0.211"
-0.461" -0.414™ 0. 080 0.359 ™ 0. 069 -0.046
-0.397" -0.374™ -0.013 0.265* 0.119 0.001
0. 054 0.027 -0.129 -0.094 -0.010 - 0. 040
0.188" 0.2817 -0.301* -0.282* 0.272% 0. 040
0.077 0.108 0.301* 0.122 -0.359* -0.239*
-0.138 -0.191" -0.053 0.038 0.233* 0.264 ™
-0.034 -0.074 0.092 0. 050 0.048 0.153
0. 120 0.212" -0.366™ -0.220™ -0.026 -0.3417%
0.097 0. 150 -0.366™ -0.209" -0.027 —0.294*
2.5 3
5
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Fig.1 UPGMA-derived dendrogram of 5 natural populations of

P. maximowiczii based on 17 phenotypic traits



102 34
. . 9 JACQUEMYN H HONNAY O GALBUSERA P e al. Genetic
i structure of the forest herb Primula elatior in a changing landscape
17 J . Molecular Ecology 2004 13(1):211-219.
10 AFLP D .
2008.
11
Kalman 2 . Kalman D . : 2008.
( Primula veris) 12
RAPD ] 2007 29(5):
549553,
13 RAPD
A ° J. 2008 26( 1) :28-31.
14 -
13.71% - J . 2005 13
(2):149-153.
POG 15 SHAOJW CHEN W L PENG Y Q et al. Genetic diversity
within and among populations of the endangered and endemic
‘ species Primula merrilliana in China J . Biochemical Systematics
and Ecology 2009 37(6) : 699—706.
16 CREMA S CRISTOFOLINI G ROSSI M et al. High genetic
- LS WTS 2 diversity detected in the endemic Primula apennina Widmer
( Primulaceae) using ISSR fingerprinting J . Plant Systematics
. and Evolution 2009 280( 1) : 29-36.
PQG 17 VAN GEERT A VAN ROSSUM F TRIEST L. Genetic diversity
° in adult and seedling populations of Primula wvulgaris in a
fragmented agricultural landscape J . Conservation Genetics
° 2008 9(4) :845—853.
18 HONJO M KITAMOTO N UENO S et al. Management units of
25 . the endangered herb Primula sieboldii based on microsatellite
' variation among and within populations throughout Japan ]
Conservation Genetics 2009 10(2) :257—267.
19 YOSHIDA Y HONJO M KITAMOTO N et al. Reconsideration
° for conservation units of wild Primula sieboldii in Japan based on
adaptive diversity and molecular genetic diversity J . Genetics
1 59 2 M Research 2009 91(4) :225-235.
1990: 169—170. 20 YOSHIDA Y HONJO M KITAMOTO N et al. Genetic variation
2 c/ and differentiation of floral morphology in wild Primula sieboldii
evaluated by image analysis data and SSR markers ] . Breeding
2004:230—234. Science 2008 58(3) :301—307.
3 J 21 ]
2009 29(5) :415—418. 2003 11(2):155-161.
4 J 22
2009 37(17) :7961—7962 7982. ] 2009 32(4):47-52.
5 . GA3  6-BA ( Primula 23
maximowiczii) c / J . 1988 24(4):399—409.
2009: 383-388. 24 J.
6 .5 2006 19(2) :199—204.
] 2007 34(5) :1263—1266. 25 HAMRICK J L. GODT M J W. Factors influencing levels of
7  YOSHIOKA Y IWATA H OHSAWA R e al. Quantitative genetic diversity in woody plant species J . New Forest 1992 6
evaluation of the petal shape variation in Primula sieboldii caused (1/4):95—124.
26 KALMAN K MEDVEGY A MIHALIK E. Pattern of the floral

by breeding process in the last 300 years J . Heredity 2005 94
(6) :657—663.

I 2008 16(4) :362—368.

variation in the hybrid zone of two distylous Primula species J .

Flora 2004 199( 3) :218—227.

( )



