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Allozyme variation in Sophora moorcroftiana an endemic species of
Tibet China

ZHAO A-Man' LIU Zhi-Min®* KANG Xiang-Yang' ZHOU Shi-Liang’

1 College of Biological Sciences and Technology Beijing Foresiry University Beijing 100083

2 Institute of Applied Ecology Chinese Academy of Sciences Shenyang 110016

3 Laboratory of Systematic and Evolutionary Botany Institute of Botany Chinese Academy of Sciences
Beijing 100093

Abstract The genetic diversity of ten populations of Sophora moorcroftiana in the middle reaches of the
Yarlung Zangbo River Tibet China was assessed using allozyme analysis by horizontal sliceable starch gel
electrophoresis. Twenty four loci 46 alleles of 13 enzyme systems demonstrate low levels of genetic varia-
tion within populations with the value of P, =25.0% ~37.5% A, =1.3~1.7 and H,, =0.112 ~0.169.
At the species level the genetic diversity of S. moocroftiana P, =37.5% A, =1.9 H, =0.171 was
lower than the mean value of angiosperms of long-lived woody species P, =59.5% A, =2.10 H,_ =
0.183 . Wright's F statistics analysis indicated that F,; a measure of the deviation from random mating
within the 10 populations was —0. 0071 suggesting deviation from Hardy-Weinberg equilibrium and a
slight heteroygote excess in some populations. The higher level of differentiation F, =0.1748 among
populations than those of other long-lived woody plants may result from habitat fragmentation and low levels
of gene flow Nm =1.1802 caused by environmental deterioration and human disturbance including over-
felling and over-grazing. It was worth noting that populations H2 Xietongmen  H31 Jiangdangl  H32

Jiangdang2  and H5 Langsailing harbored the majority of alleles and had high levels of genetic diver-
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sity suggesting that these populations in particular should be conserved in situ.

Key words Tibet Sophora moorcroftiana allozyme genetic diversity genetic differentiation
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H4 29°16'38” N 90°34'13"E  HS5 29°15'36" N 91°29'01" E H61 1 29°02'26”" N 93°03'06" E  H62 2 29°
02'34” N 93°02'49" E H7 29°22'58" N 94°24'58" E H8 20°22'57" N 94°24'58" E

Fig.1 Natural distribution of Sophora moorcroftiana and locations of the 10 populations collected. A represents sample populations.
H1 Sajiakasa H2 Xietongmen 29°20°03” N 88°20'52" E  H31 Jiangdang 1 29°20'14" N 89°20'58” E ~ H32 Jiangdang 2 29°20'00" N
89°21'00" E H4 Qushui 29°16'38” N 90°34'13” E  H5 Langsailing 29°15'36” N 91°29’01” E~ H61 Langxian1 29°02'26” N 93°03'
06" E H62 Langxian 2 29°02'34" N 93°02'49”" E  H7 Linzhi 29°22'58” N 94°24'58" E ~ H8 Bayizhen 29°22'57" N 94°24'58" E

1
Table 1 Enzyme systems assayed and relevant buffers and loci detected in Sophora moorcroftiana
EC
Enzyme system EC No.* Buffer system No. of loci
Aspartate aminotransferase AAT 2.6.1.1 Se 1
Alcohol dehydrogenase ADH 1.1.1.1 S, 1
Aminopeptidase AMP 3.4.11.1 Se 2
1 NAD P H-Diaphorase DIA 1.6.2.2 Se 2
Fructose-bisphosphate aldolase FBA 4.1.2.13 s, 1
Glutamate dehydrogenase GDH 1.4.1.2 S 1
Phosphoglucoisomerase  PGI 5.3.1.9 S 1
Isocitrate dehydrogenase IDH 1.1.1.42 W, 3
Malate dehydrogenase MDH 1.1.1.37 W, 5
Malic enzyme ME 1.1.1.40 S, 1
Ky Menadione reductase MNR 1.6.99.2 W, 3
6- 6-Phosphogluconate dehydrogenase PGD 3.4.11.1 W, 2
Phosphoglucomutase PGM 5.4.2.2 S, 1

a EC No. IUB 1984 The EC number is given according to ITUB 1984 .
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1965 a t Mnr-2 15 Dia-2 Mdh-4
t= 1-F / 1+F 1999 4 Mdh-3 5
)(2 F 0 2 24 46
Wright 1965 gene flow 2 2
Nm Nm F, Nm 2.1
= 1-F, /4F, Wright 1951 0.60
5 common alleles 0.05
rare alleles 2¢ "
17 13 46 11 3
24 1 9 Dia-2" Idh - 1" Pgd-2'
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2 10 15
Table 2 Estimated allele frequencies at 15 polymorphic loci in the 10 populations of Sophora moorcrofiiana
Population
Locus Alleles H1 H2 H31 H32 H4 H5 H61 H62 H7 HS
Mean
Aat a 0.563 0.184 0.038 0.038 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0.082
b 0.438 0.816 0.962 0.962 1.000 1.000 1.000 1.000 1.000 1.000 0.918
Amp-1 a 0. 000 0. 000 0. 338 0. 100 0.213 0.538 0. 000 0. 275 0.138 0.125 0.173
b 1. 000 1. 000 0. 663 0.900 0.788 0. 463 1. 000 0.725 0. 863 0. 875 0. 827
Dia-2 a 0. 000 0. 026 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 003
b 0. 500 0.487 0. 500 0. 500 0.500 0. 500 0. 500 0. 500 0. 500 0. 500 0.499
c 0. 000 0.026 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 003
d 0. 500 0.461 0. 500 0. 500 0. 500 0. 500 0. 500 0. 500 0. 500 0. 500 0. 496
Fba a 0.988 1. 000 1. 000 0.975 1. 000 1. 000 1. 000 1. 000 0.962 1. 000 0.992
b 0.013 0. 000 0. 000 0. 025 0. 000 0. 000 0. 000 0. 000 0.038 0. 000 0. 008
Idh-1 a 1. 000 1. 000 1. 000 1. 000 1. 000 0.962 1. 000 1. 000 1. 000 1. 000 0.996
b 0. 000 0. 000 0. 000 0. 000 0. 000 0.038 0. 000 0. 000 0. 000 0. 000 0. 004
Idh-2 a 0. 300 0.474 0. 463 0. 225 0. 650 0.575 0.262 0. 300 0.175 0. 350 0.377
b 0.700 0. 526 0.538 0.775 0. 350 0.425 0.738 0. 700 0. 825 0. 650 0. 623
I1dh-3 a 1. 000 0. 895 0.962 1. 000 0.975 1. 000 1. 000 1. 000 1. 000 0.962 0.979
b 0. 000 0. 105 0.038 0. 000 0.025 0. 000 0. 000 0. 000 0. 000 0.038 0.021
Mdh-3 a 0. 050 0.026 0.087 0. 225 0. 100 0. 325 0. 463 0. 500 0. 500 0.438 0.271
b 0. 025 0.132 0.013 0. 025 0. 050 0. 025 0. 000 0. 000 0. 000 0. 000 0.017
c 0. 138 0. 250 0.313 0.237 0. 400 0. 250 0.075 0. 000 0. 000 0.112 0.178
d 0. 063 0. 355 0.237 0.138 0.125 0. 200 0.438 0. 500 0. 500 0.375 0.293
e 0.725 0.237 0. 350 0.375 0. 325 0. 200 0. 025 0. 000 0. 000 0.075 0.231
Mdh-4 a 0. 025 0. 053 0.013 0. 025 0.038 0.013 0. 000 0. 000 0. 000 0. 000 0.017
b 0.087 0.211 0.175 0.213 0. 387 0. 225 0. 063 0. 000 0. 000 0.112 0. 147
c 0. 100 0.461 0.313 0. 225 0. 162 0. 350 0. 850 1. 000 1. 000 0.750 0.521
d 0.788 0.276 0.500 0.538 0.412 0.412 0.087 0. 000 0. 000 0.138 0.032
Mdh-5 a 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 0.962 0.675 0. 887 0.952
b 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0.038 0. 325 0.112 0. 048
Mnr-1 a 0. 863 0.921 0. 650 0.637 0. 863 0.425 0.038 0.213 0. 887 0.813 0.631
b 0. 138 0.079 0. 350 0. 363 0.138 0.575 0.962 0.788 0.112 0.188 0.369
Mnr-3 a 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 0.925 0.975 0.988 1. 000 0.989
b 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0.075 0. 025 0.013 0. 000 0.011
Pgd-1 a 0.338 0.211 0.112 0.112 0.013 0. 000 0.175 0. 000 0.175 0. 000 0.114
b 0. 663 0.789 0. 887 0. 887 0.988 1. 000 0. 825 1. 000 0. 825 1. 000 0. 886
Pgd-2 a 1. 000 1. 000 1. 000 1. 000 0.988 1. 000 1. 000 1. 000 1. 000 1. 000 0.999
b 0. 000 0. 000 0. 000 0. 000 0.013 0. 000 0. 000 0. 000 0. 000 0. 000 0.001
Pgm a 0. 625 0.776 0.700 0. 637 0. 287 0. 500 0.700 0.725 0. 587 0.563 0.610
b 0.375 0.224 0.300 0.363 0.712 0.500 0.300 0.275 0.412 0.438 0.390
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Fig.2 Gel pictures of Sophora moorcrofiiana
a, ME; b, ADH; ¢, AAT; d, AMP; e, PGD; f, PGM; g, MNR; h, MDH; i, IDH(# & H31); j, IDH(#® H7); k, PGI; 1, DIA
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H, 0.113 H2 P 37.5%
H, 0.159
A, P, H, H, 1.9
37.5% 0.142 0.171 3
F
H2 40 4 91
32 He62 36.9 F 50 Hardy-
H1 H2 H31 H32 H4 HS H61 H62 H7 HS Weinberg P=0.05 41
Mdh-3  Mdh- Hardy-Weinberg F
4 4 Ho61 -0.184 -0.375~0.308
H62 H7 HS8 Mdh-3 5 t 0.770
b ce 0.529 ~0.949 3
6 2.3
H62 H7 ad 10 15 F
ce Mdh-4 Nm 5 Fy -0.0071
b d Mdh-3 bce Dia-2  -0.9763  Idh-3  0.5969
2.2 Hardy-Weinberg
A 3 F
P H, F,
H, F, 0.1689 Dia-
A, 1. 2 -0.9752  Aar 0.6817
1.7 1.5 H2 1.7 Dia-2 Fba Idh-1 Mnr-3
H62 1.3 P, 31. 7% Pgd-1 Pgd-2 Pgm Fo F,
25.0% ~37.5% H, H, 0.142
0.110 ~0. 176 0.143 0.112 ~0. 169 29% F

H62 P 25.0%

3 10

F

t

Table 3  Estimates of genetic variability at 24 loci in the 10 populations of Sophora moorcroftiana

and the value of fixation index F and outcrossing rate

ST

standard errors in parentheses

Population No. Sample size Elevation m A P H, H. F ¢
H1 40.0 4100 1.6 0.2 33.3 0.132 0.053 0.143 0.043 0.077 0.875
H2 38.0 3925 1.7 0.2 37.5 0.110 0.048 0.159 0.050 0.308 0.529
H31 40.0 3810 1.6 0.2 33.3 0.136 0.048 0.169 0.050 0.195 0.673
H32 40.0 3810 1.6 0.2 33.3 0.149 0.053 0.153 0.048 0.026 0.949
H4 40.0 3661 1.6 0.2 29.2 0.124 0.049 0.143 0.048 0.133 0.765
H5 40.0 3590 1.5 0.2 29.2 0.153 0.055 0.167 0.054 0.084 0.845
Hé61 40.0 3152 1.5 0.2 29.2 0.146 0.059 0.112 0.039 -0.304 -
H62 40.0 3139 1.3 0.1 25.0 0.146 0.061 0.113 0.039 -0.292 -
H7 40.0 2963 1.4 0.1 33.3 0.176 0.065 0.128 0.039 -0.375 -
HS8 40.0 2947 1.5 0.2 33.3 0.144 0.058 0.139 0.044 -0.036 -
. 39.8 1.5 0.0 31.7 0.142 0.006 0.143 0.006 -0.184 0.770
Among-populations means
398.0 1.9 0.2 37.5 0.142 0.050 0.171 0.049 - -

Species-level values

1 Population numbers are given in Fig. 1.
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4

Table 4  Values of fixation index

F Xz

inbreeding coefficient

F for polymorphic loci in the 10 populations of Sophora moorcrofiiana and its

conformance to Hardy-Weinberg equilibrium 1i. e. statistical difference of F values from zero which was tested using chi-square analysis

Locus H1 H2 H31 H32 H4 H5 H61 H62 H7 HS8
Aat 0.644 " 0.475* -0.039™  -0.039" - - - - - -
Amp-1 - - 0.273™ 1.000™ 0.328" 0.145™ - 0.498 ** 0.473 " 0.771 """
Dia-2 -1.000"* -0.772*" -1.000"" -1.000"" -1.000"" -1.000""" -1.000""" -1.000""" -1.000"" -1.000""
Fba -0.013™ - - -0.026™ - - - -0.039™ - -
1dh-1 - - - - -0.039™ - - - -
Idh-2 0.286™ 0.050™ 0.145™ 0.140 " 0.011™ 0.079™ 0.161™ 0.167™ -0.039™ 0.231™
Idh-3 - 1.000 """ 0.645 " -0.026™ - - - - -0.039™
Mdh-3 0.777 " 0.929 " 0.755 " 0.386 """ 0.717 " 0.135™ - 0.572™" -1.000"" -1.000"" 0.347"
Mdh-4 0.516 """ 0.683 " 0.477 " 0.227™ 0.616 """ 0.277"" 0.530 " - - 0.692 ***
Mdh-5 - - - - - - 0.654 """ 0.088" 0.124™
Mnr-1 0.262™ 1.000 "™ 0.231™ -0.136™ 0.051™ 0.591 " 0.039™ - 0.270™  0.124™ 0.262™
Mnr-3 - - - - - -0.081™  -0.026™ - 0.013™ -
Pgd-1 -0.509"" -0.267"™ -0.127" - 0.127™ -0.013™ - -0.021™ - -0.039™ -
Pgd-2 - - - -0.013™ - - - - -
Pgm -0.173™ 0.015™ 0.167"™ - 0.028™  -0.281™ 0.200" -0.310™  -0.129™ =-0.702™" -0.168™

Note ns P=0.05 * P<0.05 *% P<0.01 =#%x P<0.001.
1 Abbreviations as in the legend to Fig. 1.
5 F-
Table 5  F-statistics and gene flow in Sophora moorcroftiana
- Fi F, Fy Heler()geneityxz)f ;ﬂele frequency .
Aat 0.4849 0.6817 0.3821 sk 0.4043
Amp-1 0.4165 0.5266 0.1887 EEE 1.0749
Dia-2 -0.9763 -0.9752 0.0005 ns 499.75
Fba -0.0300 -0.0076 0.0218 * 11.2179
Idh-1 -0.0390 -0.0038 0.0339 *x% 7.1246
Idh-2 0.1262 0.2083 0.0939 ok 2.4124
Idh-3 0.5969 0.6173 0.0507 ok 4.6810
Mdh-3 0.1379 0.2774 0.1618 sk 1.2951
Mdh-4 0.4892 0. 6440 0.3029 s 0.5754
Mdh-5 0.1557 0.3368 0.2145 T 0.9155
Mnr-1 0.1893 0.4883 0.3688 ok 0.4279
Mnr-3 -0.0604 -0.0114 0.0462 ok 5.1613
Pgd-1 -0.2468 -0.1024 0.1158 EEEY 1.9089
Pgd-2 -0.0126 -0.0012 0.0113 ns 21.8739
Pgm -0.1456 -0.0607 0.0741 e 3.1238
Mean -0.0071 0.1689 0.1748 EEES 1.1802
X Fgp 0 ns P=0.05 % P<0.05 #% P<0.0l =% P<0.00I.
Note Values of Fg;, were tested for statistical difference from zero using contingency chi-square analysis as indicated by asterisks ns P=0.05 =* P<
0.05 *x P<0.01 =*xx P<0.001.
F,, 0.1748 17.48% 3
82.52%
Dia-2 Pgd-2 Fy, 3.1
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