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Spatial autocorrelation study of population genetic structure of two orchid
species
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Abstract The spatial pattern or structure of genetic variation within populations is an important part of
evolutionary and ecological genetic processes in natural populations of plants and may provide deep in-
sight into the conservation of endangered species. In this paper we investigated the spatial distribution
patterns of population genetic variation of two orchid species Paphiopedilum micranthum and Changnien-
ia amoena using RAPD markers. A total of 89 and 42 individuals in two populations of each of the spe-
cies respectively were involved in our study. Based on the polymorphic bands generated by 12 P. mi-
cranthum and 16 C. amoena RAPD primers Moran’s [ spatial autocorrelation coefficient was calcu-
lated which revealed significant spatial structure of genetic variation within populations of P. micranthum

with significant positive autocorrelation over short-distance class 3 ~4 m . In contrast the genetic var-
iation in C. amoena populations was found to be randomly distributed. The different spatial distribution
patterns may be attributed to the different reproductive systems of these two species. P. micranthum un-
dergoes significant clonal growth while no significant clonal reproduction was found in C. amoena. These
results have important implications for the conservation and management of these species especially for
the sampling strategies for ex situ conservation.
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Table 1  Population code size number of polymorphic bands and number of bands used in autocorrelation analysis

L . . No. of No. of polymorphic No. of bands used
Species Locality Population code individuals bands in the analysis
Paphiopedilum micranthum Ceheng  Guizhou Pch 37 74 20
Wangmo Guizhou Pwm 52 78 27
Changnienia amoena Lushan Jiangxi LS 25 43 15
Xinning Hunan XNI1 17 29 12
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Fig.1  Spatial distribution of Paphiopedilum micranthum indi-

viduals in populations Pwm and Pch
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3 Pwm 27 30% ~
3.1 70% RAPD
RAPD 96 4 m 10
Pch 20 30% ~70% 270 Moran's 1 4 157 58%
RAPD 3m 0.05 10 8
9 180  Moran's [ I 50%
100 56 % 0.05 2 9 4 m 1 96 %
4 1 3~6
50% 1
80% 3m 4 m 12 ~24 m
5
6~9
18 ~27 m 3 2 3 ~
4 m
2 Pch 9 Moran's I
Table 2 Spatial autocorrelation coefficients Moran’s I for nine distance classes in population Pch of Paphiopedilum micranthum
9 Moran’s I Moran’s [ for 9 distance classes”

Locus 1 2 3 4 5 6 7 8 9
S13-1 0.259 ™ -0.138 0.385"" -0.024 0.458 " -0.687" 0.268 * -0.573 " 0.619"
S13-2 0.100 -0.086 0.427 " -0.099 0.361 " -0.236" -0.323" 0.067 -1.015*
S13-3 0.756 " 0.400 " 0.906 "™ 0.098 " 0.173 " -0.584"" -0.729 " -1.046"" -1.046 "
S193 0.256 " 0.376 """ -0.432" -0.086 -0.446" -0.297" 0.103 0.453 ™"  -0.746""
S5195-1 0.423 ™" 0.228™ -0.101 -0.066 -0.180 -0.472" 0.120 -0.242" 0.292
5195-2 0.947 *** -0.508 " 1.630 ™" 0.008 0.213" -0.772"" -0.640 " -0.724" -1.060""
S195-3 0.589 ™~ -0.053 -1.007*" -0.412" -0.479" 0.499 ™~ 0.906 ™" -0.507 " -1.068"
S217-1 0.003 0.081 -0.131 -0.192 0.116 -0.034 0.084 -0.143 0.246
S217-2 0.136" -0.011 -0.027 -0.208" 0.102 -0.019 -0.266" 0.054 -0.111
S217-3 0.030 -0.061 0.005 -0.133 0.030 -0.044 -0.193 0.145" -0.008
S217-4 0.748 " 0.555*" 0.507 ™" 0.337 " -0.042 -0.605"" -0.736 " -1.033* -1.033*
5250 0.149 " 0.029 0.041 -0.017 0.241* -0.326" 0.036 -0.328" 0.135
5329 0.278" 0.143 0.270 " -0.324"  0.263" -0.315" -0.015 -0.353" 0.328
S346-1 0.149" 0.048 -0.401" 0.062 -0.037 -0.139 -0.598 " 0.092 0.901 ™
5346-2 0.337™ 0.393 " 0.042 0.393 """ -0.327" -0.196 " -0.480 " -0.644 ™" -0.691"
5346-3 0.338 ™~ 0.133 -0.068 0.188"" -0.495" -0.672"" 0.533 " -0.079 -0.035
S348 0.527 " -0.096 0.219 0.095" 0.092 -0.123 -0.340" -0.684" -1.026"
5351 0.430 ™ 0.250™ -0.159 -0.775" -0.001 0.192" 0.134 -0.273" 0.278
5370-1 0.187" 0.318 " 0.460 " -0.005 -0.003 -0.309" -0.254" -0.519" 0.091
S370-2 0.096 -0.101 -0.231 -0.104 -0.080 0.156 " -0.150 -0.081 0.149

* p<0.05 #xp<0.01 =xxp<0.001
# distance classes m Unit m 1 0.0~3.0 2 3.0~6.0 3 6.0~9.0 4 9.0~12.0 5 12.0~15.0 6 15.0~18.0

7 18.0~21.0 8 21.0~24.0 9 24.0~27.0
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Table 3 Number of loci which showed significant correlation in population Pch
* Distance classes
1" 2 3 4 5 6" 7 8" 9
No. of loci which showed significant positive correlation 16 7 7 5 4 3 3 2 2
No. of loci which showed significant negative correlation 0 1 3 4 4 11 8 12 8
%
80 40 50 45 40 70 55 70 50

The percent of loci which showed significant correlation %

# 2 Same as Table 2 =

4 Pwm 10

Table 4  Spatial autocorrelation coefficients

1

50% The class in which more than 50% of I values exceeds 50% significantly

Moran’s 1

Moran’s I for 10 distance classes in population Pwm of Paphopedilum micranthum

#

10 Moran’s I Moran’s I for 10 distance classes

Locus 1 2 3 4 5 6 7 8 9 10
S13-1 0.387 ™ 0.184 " -0.144" -0.614"" -0.567"" 0.0527 -0.046 -0.028 0.111°" 0.216 "
S13-2 0.401 ™" -0.651" 0.161 ™ 0.257™ -0.365" 0.170 " -0.039 0.029 -0.006 0.003
S13-3 0.421 ™" 0.202 " -0.018 -0.283" -0.456" -0.550"" -0.390" -0.086 0.252*" 0.120
S134 0.200™ -0.239 ™ 0.195 ™" -0.423"" 0.047 0.052 0.016 -0.098 0.070 -0.045
S13-5 0.763 ™ 0.045 -0.3148" -0.353™ -0.127 -0.121 0.437*" -0.005 -0.667"" 1.014 ™
5195-1 0.454 " 0.054 -0.338" 0.396 0.138 -0.162 -0.578" -0.107 0.114" —-0.008
S195-2 0.502 " 0.264 " -0.118~ -0.506 " 0.315 " 0.367 ™ -0.399"  -0.506"" 0.325"" 0.410 ™
S195-3 0.778 ™ 0.133 ™ -0.402" -0.568" -0.313™ 0.069 -0.280 " 0.052 0.147 " 0.023
51954 0.537 " -0.545" 0.067 -0.223" 0.238™ -0.528 " 0.530 ™" -0.321" 0.066 0.005
S217-1 0.122° -0.196 " 0.144™ -0.224" -0.097 0.224" -0.077 0.065 -0.160 0.023
S217-2 -0.009 0.096 " -0.034 -0.138 -0.127 -0.075 0.074 -0.054 -0.088 -0.038
S217-3 0.166 " -0.037 0.032 0.124~ -0.107 -0.426 " 0.072 -0.191" -0.072 —-0.005
S217-4 0.430 ™" -0.153" -0.414"" 0.342"" -0.305" -0.073 0.054 -0.243"  0.897 """ 1.016 ™
S217-5 0.182° -0.075 -0.239" 0.163 " 0.018 -0.052 -0.144" 0.100 " -0.046 0.044
S217-6 0.593 ™ 0.065 -0.309 " 0.008 -0.300" -0.010 0.028 0.238™ -0.449" -0.780""
S217-7 0.554 ™" 0.277 -0.332"  -0.426"" -0.105 0.187" 0.216 -0.226"" -0.382" -0.097
S217-8 0.795 " -0.105 0.005 -0.355"  -0.399" -0.252" 0.452"* -0.065 -0.521"" -0.7517"
S250 0.168 " 0.031 -0.333 " 0.171 " 0.259™ -0.401"" 0.159 " -0.242" 0.236™ -0.203
5329-1 0.445 " -0.226" -0.155" -0.122 0.314 " 0.069 -0.699 ** 0.335™" 0.044 -0.019
S329-2 0.861 ™ 0.182"" -0.708"" -0.196" 0.117 0.365 ™" -0.140 -0.172" -0.388"" 0.565 "
S346-1 0.601 ™ 0.339 " -0.094 -0.773™ -0.857" -0.898 " -0.108 0.062 0.148 " 0.348 "
S346-2 0.572 " 0.051 -0.018 -0.653"" -0.491" -0.160 -0.170 " 0.027 0.141°" -0.054
S346-3 0.311 ™" -0.268" -0.069 0.236™ -0.293" -0.235" -0.085 0.158 ™ -0.081 —-0.040
S348-1 0.847 " -0.103 -0.032"" -0.807"™ -0.500"" 0.368 ™ 0.440" -0.098 -0.538"" -0.203
S348-2 0.709 ™~ 0.114™ -0.299" -0.775" -0.017 0.078 0.035 0.115° -0.166 -0.447"
S348-3 0.501 ™" -0.648 0.408 ™" -0.002 -0.382""  -0.306"" -0.024 0.064 -0.192" 0.045
S351 0.349 ™ 0.015 -0.247""  -0.469 0.354 ™ 0.440 ™ -0.234" 0.245""-0.218" -0.375"

* p<0.05 #xp<0.01 =xxp<0.001
# distance classes m Unit m 1 0.0~4.0 2 4.0~8.0 3 8.0~12.0 4 12.0~16.0 5 16.0~20.0 6 20.0~24.0

7 24~28 8 28~32 9 32~36

10 36 ~40
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5 Pwm
Table 5 Number of loci which showed significant correlation in population Pwm
Distance classes”
1" 2" 3" 4 5" 6 7 8 9" 10
No. of loci which showed significant positive correlation 26 ? 4 7 5 5 6 4 8 4
No. of loci which showed significant negative correlation 0 8 14 16 13 ? 8 7 8 6
9
The percent of loci which showed signifi/::anl correlation % %3 61 o4 82 o4 50 50 39 57 36
# 3 Same as Table 3 =* 1 50% The class in which more than 50% of I values exceeds 50% significantly
6 LS 9 Moran's I
Table 6 Spatial autocorrelation coefficients Moran's I for 9 distance classes in population LS of Changnienia amoena
9 Moran’s I~ Moran’s I for 9 distance classes”
Locus 1 2 3 4 5 6 7 8 9
S200 0.0030 0.0046 -0.2238 -0.2238 0.0426 0.1187 -0.0489 -0.0289 0.1187
S200 —-0.0695 0.5374 " -0.1623 -0.2238 —-0.4902 0.1187 0.3978 "™ -0.2016 -0.2111
5200 0.3268 " -0.1627 -0.3851" -0.3768* -0.0200 0.4796 * 0.2071°" -0.5612"" 0.4796 *
S219 -0.0529 —-0.0268 -0.1042 -0.2124 0.5319 -0.0029 -0.1030 —-0.0500 -0.0268
S229 0.0867 0.4127" 0.0833 -0.1092 -1.0192" -1.0192™ -0.6558 " 0.1257 ** 0.4796
5229 0.7523 " 0.8992 *** -0.9615""  -1.0638" -1.0638"" 1.02158 0.1182 -0.8422" -0.8105"
5326 0.3268 " -0.1627 -0.3851" -0.3768" 0.0200 0.4796 " 0.2071" -0.5612"" 0.4796 "
S326 0.4785 " 0.4357 " -0.9615"" -0.8630"" 0.9171 0.6323 ™ 0.4866 ™ —0.5496 ™ 0.6323 "
5332 0.0285 0.4395 " -0.1545 -0.2698" -1.0192" 0.2655 0.0538 -0.1215 -0.5642"
5332 0.0558 " -0.4231" 0.2691" -0.3513" 0. 4065 -0.4710"° 0.1730 -0.1938 0.5102
S346 0.0198 0.1740 -0.0719 -0.1707 -1.0383™ -0.0162 0.0206 -0.0723 -0.4203
5348 0.2832 " 0.1859 0.0177 0.0195 0.4038 -0.0399 0.0508 -0.5669 " -1.0383 "
5348 0.2527 " 0.3180 -0.0066 -0.2324 -1.0274™ -0.1717 0.3736"" -0.5042" -1.0274"
S363 -0.0222 0.4830 " 0.0133 -0.3193 -0.3727 -0.0162 0.2828 " -0.1925 -0.4203
8375 -0.0773 0.0570 —-0.0848 0.0450 -0.4179 0.0330 0.4151 "™ -0.2224 -0.2423
# P <0.05 #%P<0.01 %% P <0.001
# distance classes m Unit m 1 0.0~1.0 2 1.0~2.0 3 2.0~3.0 4 3.0~4.0 5 4.0~5.0 6 5.0~6.0 7 6.
0~7.0 8 7.0~8.0 9 8.0~9.0
2 1 46.6% 7
3~4m
3.2 XN1 12 30% ~
RAPD 121 70% RAPD 2 m
LS 15 30% ~70% 8 96
RAPD I m Moran's [ 8 37 38.5% 0.05
9 135 Moran’s [ 8 1 16
6 58 43.0% 0.05 9 m 1 50% 8
1 7 m LS
I 50% 8 9
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7 LS

Table 7 Number of loci which showed significant correlation in population LS

Distance classes”
1 2 3 4 5 6 7 8 9
0o 4 7 1 3
5.2 1 6 4

(=)

No. of loci which showed significant positive correlation 7 5 1

o)}

No. of loci which showed significant negative correlation 0o 2 4

%  The percent of loci which showed significant correlation % 44 44 31 38 31 38 50 44 44

# 6 Same as Table 6
8 XN1 8 Moran's I
Table 8 Spatial autocorrelation coefficients Moran’s I for 9 distance classes of Changnienia amoena in XN1
9 Moran’s I~ Moran’s I for 9 distance classes”
Locus 1 2 3 4 5 6 7 8
1 -0.0595 -0.0728 0.1184 -0.2311 -0.6571" 0.6042 " -1.0709 ** 0.4462
2 -0.1178 -0.1127 -0.3030 0.3740 ™" -0.0595 -0.5336 -1.1709 ** 0.4462
3 0.1376 0.2467" -0.2013 -0.4197" -0.1760 0. 1060 2.0549 -1.1209 "
4 0.1139 -0.3209 -0.32063 -0.1743 0.2811 0.2839 0.9379 -1.0552 "
5 0.0572 0.2067 " 0.1372 -0.5291" -0.8640 " 0.0669 1.2047 1.2047 "
6 0.1820 " -0.1481 -0.4900 " 0.2402 " -0.0710 —-0.2547 -1.1209 " -1.1209 "
7 —-0.0867 0.0602 -0.2721 0.0848 -0.3122 0.5724 0.4271 -1.0251™"
8 -0.1077 0.0502 0. 0546 -0.0750 -0.2601 0.0335 0.7301 -1.0429 ™
9 0.2271° -0.6731" -0.2476 0.1014 0.5473 " —-0.3958 -1.0917 " -1.0917 "
10 0.4077 " -0.4258" -0.6861 " -0.3433 0.6661 " 0.7822" 0.9379 -1.0552 "
11 -0.1876 -0.1149 0.0866 0.1014 -0.5856 " 0.4991 -1.0917 " -0.4731
12 0.1998 " -0.4853" -0.2655 -0.2130 0.8829 " 0.0037 -1.0709 ** -1.0709 **
* p<0.05 #xp<0.01 =xxp<0.001
# distance classes m Unit m 1 0.0~2.0 2 2.0~4.0 3 4.0~6.0 4 6.0~8.0 5 8.0~10.0 6 10.0~12.0 7

12.0~14.0 8 14.0~16.0

9 XN1

Table 9  Number of loci which showed significant correlation in XN1

. #
Distance classes

1 2 3 4 5 6 7 8"
No. of loci which showed significant positive correlation 4 2 0 2 3 2 0 0
No. of loci which showed significant negative correlation 0 3 2 2 3 0 6 8
% 33 42 17 33 50 17 50 75
The percent of loci which showed significant correlation % )
# 8 Same as Table 8
* 1 50% The class in which more than 50% of I values exceeds 50% significantly
4 30% ~70%

30% ~70% 2
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