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Abstract: Ten enzymes (AAT, CK, G3PDH, HEX, IDH, LDH, MDH, ME, PGI, PGM) were examined using horizontal
starch gel electrophoresis to estimate the genetic variations in six field populations of two grasshopper species Atractomorpha
sinensis and A. peregrina from Shanxi Province, China. The collecting sites were Quwo county, Linfen; Xiangyuan county,
Changzhi; Jinyuan district, Taiyuan; Yuanping county, Xinzhou and Fanshi county, Xinzhou. A. sinensis had 43 alleles at 16
loci but A. peregrine had 39 alleles at 15 loci (Idh-1 was deficient). The zymograms showed that some common alleles were
shared at several loci in the two species (Aat-1-b, Aat-2-b, G3pdh-a, Ck-1-b and Ldh-b). However, Hex-1-a, Hex-2-a,
Hex-3-a, I1dh-2-b, Mdh-2-b, Mdh-1-f, Pgi-b, Pgm-b were found the common alleles in A. sinensis, and Hex-1-b, Hex-2-b,
Hex-3-b, Idh-2-a+» Mdh-2-a,» Mdh-1-d, Pgi-a, Pgm-c were of high frequency in A. peregrine instead. Most of the observed
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genotype frequencies significantly deviated from the Hardy-Weinberg expectations in both species. A tendency of clinal
distribution of allele frequency was observed at three loci. The frequency of the moderately migrating allele Me-¢ (0. 318~
0.740) in A. peregrina, Hex-1-a (0. 800~1.000) and Ldh-b (0.487~0.750) in A. sinensis demonstrated increased frequency
from north to south. Such tendency suggests that the allele frequency in these three loci may be correlated with the species’
geographic distributions. A. sinensis showed higher genetic diversity than A. peregrina as indicated by the higher mean number
of alleles per locus (A=1.9~2.3 in A. sinensis and 1. 7~2. 2 in A. peregrina) , percentage of polymorphic loci (P=56.3% ~
68.8% in A. sinensis and 43.8% ~56.3% in A. peregrina), and the observed heterozygosities (H,=0.072~0.096 in A.
sinensis and 0.070~0.107 in A. peregrina). The observed heterozygosities of the six populations were all noticeably lower
than the Hardy-Weinberg expectations, mostly due to heterozygote deficiency for the populations of both species. The overall
mean Fsr were small (Fsy=0.045, p>0.05 in A. sinensis populations and 0. 087, p>0.05 in A. peregrina populations).
Nei’s genetic identity (I) estimates indicate low intraspecific (> 0. 95) but higher interspecific (0. 377 ~ 0.447) genetic
diversity. The cluster analysis based on modified Roger’s genetic distance (D) showed that the two species were divided into
two branches.

Both species were of limited dispersal capacity and a moderate geographical barrier might significantly restrict the gene
exchange among populations, which tends to accumulate local genetic differentiations. The A. sinensis populations used in this
study were apart from 155.2 to 271.4km and the A. peregrina populations were apart from 78.8 to 174.9km with the
observable physical barriers. The allozyme data showed only minimal genetic differentiation at population level, most likely as
a result of gene exchange. It is reasoned that natural factors and human agricultural activities might have facilitated migration
and dispersal for the two species.

Key words : Atractomorpha sinensis; Atractomorpha peregrina; population; genetic diversity; allozyme
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Table 1 The collecting site and individual number of sampling of six populations of A. sinensis and A. peregrina
Individual
Population Collecting site Coordinates number of sampling
- A. peregrina-FS Fanshi county, Xinzhou E113°16", N39°16’ 73
- A. peregrina-Y P Yuanping county, Xinzhou E112°44", N38°46' 53
- A. peregrina-JY Jinyuan district, Taiyuan E112°36", N37°46' 36
- (A. sinensis-JY) Jinyuan district, Taiyuan E112°36", N37°46' 47
- A. sinensis-XY Xiangyuan county, Changzhi E113°00", N36°35' 50
- A. sinensis-QW Quwo district, Linfen E111°28", N35°41' 40
1.2
6 s 12. 5% (Sigma S-5651)

(0. 05mol/L,pH7.8)  Tris- (0. Imol/L ,pHS. 0),
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Table 2 Enzyme systems and electrophoretic conditions used in allozyme analysis
(V/em) (h)
Enzyme abbreviation Enzyme E. C. No. Running buffer Voltage Duration
AAT Aspartate aminotransferase  2.6.1.1  TCA(8.0) 17 5
CK Creatine kinase 2.7.3.2 Pi(7.8) 10 4
G3PDH &ycerol—S—phosphate dehydrogenase 1.1.1.8 Pi(7.8) 10 4
HEX Hexokinase 2.7.1.1 TCA((8. 0) 17 5
IDH Isocitrate dehydrogenase 1.1.1.42 TCA(8.0) 17 5
LDH Lactate dehydrogenase 1.1.1.27 Pi(7.8) 10 4
MDH Malate dehydrogenase 1.1.1.37  Pi (7.8 10 4
ME Malic enzyme 1.1.1.40 Pi(7.8) 10 4
PGI g’lumw&phosphm omerase 5.3.1.9 Pi(7.8) 10 4
PGM Phosphoglucomutase 5.4.2.2 Pi(7.8) 10 4
Pi (7.8): 0. 05mol/L , pH7.8; TCA (8.0): 0. Imol/L Tris- , pH 8.0;Pi (7.8): 0.05mol/L phosphate buffer,
pH7.8; TCA (8.0): 0. 1mol/L Tris-Citric-Acid. pH 8.0
1.3
BIOSYS- I [ Hardy-Weinberg .
(A, r). (Ho) (H,) . Nei’s (I)  Roger’s D),
(UPGMA) Roger’s 6 o FSTAT [s:14] Fgr
2
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Hex-1-b.Hex-2-b.Hex-3-b.1dh-2-a .Mdh-2-a .Mdh-1-d .Pgi-a.Pgm-c. s Me-c (0. 318~0. 740)
Hex-1-a(0.800~1.000)  Ldh-b(0.487~0.750) o
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¢ 3,
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Table 3 Allele frequencies and chi-square test for Hardy-weinberg expectation of genotype frequencies in six populations of A. sinensis and

A. peregrina

Locus

A. peregrina-FS  A. peregrina-YP  A. peregrina-JY A. sinensis-JY A. sinensis-XY A. sinensis-QW
Aat-1(n) 48 53 33 28 30 30
a 0.115 0. 057 0. 000 0. 000 0.217 0.100
b 0. 854 0. 849 0.818 0. 750 0. 600 0. 600
¢ 0. 031 0. 094 0.182 0. 250 0.183 0. 300
X 31.384** 16. 644~ 0.392 11. 667" 40. 987" * 20.402* "
Aat-2(n) 48 52 33 28 30 30
a 0.135 0.019 0. 000 0.018 0. 050 0. 067
b 0. 865 0. 981 1. 000 0. 946 0.950 0.933
¢ 0. 000 0. 000 0. 000 0. 036 0. 000 0. 000
x 16.149* * 0. 000 — 55.019* 0. 055 0. 037
Ck-1(n) 73 47 36 46 50 40
a 0. 055 0.011 0. 000 0. 087 0. 080 0. 100
b 0. 945 0. 989 1. 000 0.913 0. 860 0. 900
¢ 0. 000 0. 000 0. 000 0. 000 0. 060 0. 000
Ve 82.886" * 0. 000 — 52. 048" * 89.577* " 26. 057" "
Ck-2(n) 70 52 36 42 30 40
a 0.114 0.212 0.111 0. 048 0.100 0. 000
b 0.771 0. 692 0. 889 0. 381 0. 433 0.500
¢ 0.114 0. 096 0. 000 0.571 0. 467 0. 500
Ve 79.008* * 44.738* " 17.067** 63. 258" * 66. 673" * 9.143% "
G3pdh(n) 73 47 36 46 50 40
a 1. 000 1. 000 1. 000 0.935 0. 930 0. 925
b 0. 000 0. 000 0. 000 0. 065 0.070 0.075
x° — — — 0.185 0.241 0. 086
Hex-1(n) 45 33 36 40 40 39
a 0. 000 0. 000 0. 000 0. 800 0. 900 1. 000
b 0.933 0.818 1. 000 0. 200 0. 100 0. 000
¢ 0. 067 0.182 0. 000 0. 000 0. 000 0. 000
x 29.037** 14. 118" * — 12.800* * 19. 059" * —
Hez-2(n) 47 44 36 38 42 39
a 0. 000 0. 000 0.333 0.974 1. 000 1. 000
b 0. 957 1. 000 0. 667 0. 026 0. 000 0. 000
¢ 0.043 0. 000 0. 000 0. 000 0. 000 0. 000
X 14. 489" " — 5.333" 75.014" " — —
Hex-3(n) 47 44 36 38 42 39
a 0. 000 0. 000 0. 333 0.974 1. 000 1. 000
b 0. 957 1. 000 0. 667 0.026 0. 000 0. 000
¢ 0.043 0. 000 0. 000 0. 000 0. 000 0. 000
Ve 14. 489>~ — 5.333* 75.014% — —
Idh-1(n) 73 51 36 16 50 40
a 0. 000 0. 000 0. 000 0.196 0. 230 0. 025
b 0. 000 0. 000 0. 000 0.761 0. 700 0. 800
¢ 0. 000 0. 000 0. 000 0. 043 0.070 0.175
x — — — 48.411* " 13.939~ 1.073
Idh-2(n) 73 51 36 47 50 40
a 1. 000 1. 000 1. 000 0. 000 0. 000 0. 000

b 0. 000 0. 000 0. 000 1. 000 1. 000 1. 000
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1

2

Ldh(n) 64 37 30 38 40 36

a 0.125 0. 284 0. 150 0. 368 0.138 0.083

b 0. 680 0. 541 0. 850 0. 487 0.538 0. 750

¢ 0.195 0.176 0. 000 0.145 0. 325 0.167

x 15.943* 15.731** 5. 6477 36.490"° 7 30.361* " 15.510*

Mdh-1(n) 73 47 36 46 50 38

a 0. 000 0.011 0. 000 0. 000 0. 000 0. 000

b 0.014 0.011 0.125 0. 000 0. 000 0. 000

¢ 0.014 0. 043 0. 000 0. 000 0. 000 0. 000

d 0.753 0. 809 0.792 0. 000 0. 000 0. 000

e 0.219 0.128 0.083 0. 000 0. 000 0. 000

f 0. 000 0. 000 0. 000 1. 000 1. 000 1.000

X1 220. 004 * 58.597* 23.240% % — —

Mdh-2(n) 73 47 36 46 50 38

a 1. 000 1. 000 1. 000 0. 000 0.010 0. 000

b 0. 000 0. 000 0. 000 1. 000 0.990 1. 000

e — — — 0. 000

Me(n) 73 44 33 46 50 40

a 0.027 0.102 0. 000 0. 000 0.010 0. 000

b 0.130 0.125 0. 409 0.022 0.010 0. 000

¢ 0. 740 0. 705 0.318 0. 685 0.790 0.775

d 0.103 0.068 0.273 0.261 0.190 0.225

e 0. 000 0. 000 0. 000 0.033 0. 000 0. 000

Ve 116.493* 25.395% " 18. 517" * 104. 512" * 29.877* 16. 344"

Pgi(n) 72 47 36 46 50 40

a 0. 882 0.798 0. 958 0.043 0. 030 0. 000

b 0.104 0. 202 0.042 0.761 0. 750 0.975

c 0.014 0. 000 0. 000 0.196 0.220 0.025

xX? 0. 349 0.022 0. 000 62.203" " 40. 760" * 0. 000

Pgm(n) 73 47 36 45 50 40

a 0. 000 0.021 0. 000 0. 000 0. 000 0. 000

b 0. 000 0. 000 0. 000 0. 700 0. 740 0. 350

¢ 1. 000 0.979 0. 958 0.078 0.130 0.075

d 0. 000 0. 000 0.042 0.222 0.130 0.525

e 0. 000 0. 000 0. 000 0. 000 0. 000 0. 050

X1 0.011 0. 000 14. 160" * 19. 281" " 57.341* "
(n) Individual number of sampling; * Hardy-Weinberg (p<<0.05), Significantly

different from Hardy-Weinberg’s expectations (p<C0.05), X% test; % * Hardy-Weinberg (p=<<0.01).,

Very significantly different from Hardy-Weinberg’s expectations (p<Z0.01), x? test

(A 1.9~2.3.

(H,) 0.072~0.096, (H.) 0.203~0.253;
56.3%,H,=0.070~0.107,H,=0.174~0.180, A.P.H,3 s
2 s
Hardy-Weinberg C D, 6
2.3
6 Nei’s (I) Roger’s (D) 5,
3 1 0.962~0.996, 1 0.377~0. 447,
3 D 0.088~0.142, 3 D 0.073~0.184,
. Roger’s s
s s Roger’s

(P)  56.3%~68.8%.

A=1.7~2.2,P=143.8% ~
, 6 .

C 4,6

D

1 0.978~0. 994,
0.661~0.712,
3 ’
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Table 4 Summary of genetic variability at ten enzymes in six populations of A. sinensis and A. peregrina

Mean sample

Mean no of

Percentage of

Mean heterozygosity

Samples . . . .
size per locus alleles per locus loci polymorphic * Direct-count HdyWbg-expected
7, e 64.1(3.0) 2.2€0.3) 56.3 0.070(0.026) 0.174(0.043)
A. peregrina-FS
7. 46.4(1.3) 2.100.3) 43.8 0.107(0.042) 0.180(0.053)
A. peregrina-Y P
7, 35.1€0.5) 1.7€0.2) 43. 8 0. 095(0. 045) 0.178(0.053)
A. peregrina-JY
X _7 41.6(1.6) 2.300.2) 68. 8 0.072(0.024) 0. 253(0.053)
A. sinensis-JY
) 4.0(2.0 . 3(0. . 0. 096(0. 0 0. 253(0. 0
A sinensis- XY 44.0(2.0) 2.300.2) 68. 8 96 ( 28) 253( 57)
) 38.1(0. 1.9(0.2 56. 3 0. 083(0. 029 0.203(0. 055
. sinensis- QW 8.1€0.8) (0.2) 56 83( ) ( 55)
* 0.95, A locus is considered polymorphic if the

frequency of the most common allele does not exceed 0. 95;

Standard errors in parenthesis

Table 5

A. peregrina

56

Nei’s genetic identity (below diagonal) and Roger’s genetic

Nei’s

Roger’s

distance (above diagonal) among six populations of A. sinensis and

Population . o . . . . . . . .
A. peregrina-FS A. peregrina-YP A. peregrina-JY A. sinensis-JY A. sinensis-XY A. sinensis-QW
- A. peregrina-FS 0.073 0.169 0. 690 0. 694 0.712
- A. peregrina-YP 0.996(78. 8) 0.184 0. 682 0. 689 0.708
- A. peregrina-JY 0.968(174.9) 0.962(98.0) 0. 661 0. 670 0. 684
- A. sinensis-JY 0.399 0.410 0. 447 0. 088 0.142
- A. sinensis-XY 0.391(296.4) 0.397(247.3) 0.432(155.2) 0. 994 0.138
- A. sinensis-QW 0.377(437.3) 0. 384(367.1) 0.425(271.4) 0.978 0.980(191. 8)
* Nei’s s Roger’s Below diagonal: Nei (1978) unbiased genetic identity; Above diagonal: Modified
Rogers distance (Wright, 1978); (km)Geographic distance in parenthesis (km)
F- 6o Fis(Fis>0.513) s 0
Fsr 0 ( Fsr=0.087,p>0.05, Fsr=0.045, p>0.05),
3
. o
9 . N
[15]
b b o b
s s Idh-1 H A
r s s N
o . b . b
[3]
~ ~ A} N ) ’ o
H, H., . .
o Fis (0.646) Fis (0.513) s 2
Hardy-Weinberg . L8], s .

o
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Table 6 F statistics at each locus of A. sinensis and A. peregrina
A. peregrina. A. sinensis
locus Frs Fsr Frr Fis Fsr Fir
Aat-1 0.074 0.018 0. 090 0.732 0.014 0. 736
Aat-2 0.479 0. 084 0.522 0.171 —0.010 0.163
Ck-1 0. 885 0.015 0. 887 0.910 —0.022 0.908
Ck-2 0. 966 0.019 0.967 1. 000 —0.010 1. 000
G3pdh 0. 000 0. 000 0. 000 —0. 065 —0.010 —0.076
Hex-1 1. 000 0.078 1. 000 1. 000 0.083 1. 000
Hex-2 0.901 0.277 0.929 1. 000 0. 001 1. 000
Hex-3 0.901 0.277 0.929 1. 000 0.001 1. 000
1dh-1 — — — 0. 332 0.032 0. 354
1dh-2 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
Ldh 0.270 0. 059 0.313 0.597 0.070 0. 625
Mdh-1 0.737 0.010 0. 740 0. 000 0. 000 0. 000
Mdh-2 0. 000 0. 000 0. 000 0. 001 —0.002 —0. 001
Me 0. 337 0.130 0.423 0. 657 —0. 004 0. 655
Pgi 0.017 0. 039 0. 055 0. 766 0. 061 0. 780
Pgm —0.025 0. 024 —0. 000 0. 439 0. 161 0.529
Meaniilf 0.51340.120 0.08740. 027 0.55540.110 0.64640. 084 0.0454+0. 023 0.66140.076

Me-c(0. 318~0. 740)
~1.000)  Ldh-b(0.487~0.750)

s Me

s

Fyp=0.08740. 027, p>>0. 05),

(D) (
o (

Hex ,Ldh

Hex-1-a(0. 800

0.088~0.142,

Wright  Slatkin s

[19, 20]
B

1(0.379~0.451),
(0.661~0.712),

0.230+0.016,
[21]

o ’
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