24 7 Vol. 24,No. 7
2004 7 ACTA ECOLOGICA SINICA Jul. ,2004

RAPD

1 1 2 1x*
’ ’ ’
(1. B 030006, 2. B 030006)
10 RAPD (Ozxya japonica) . (Oxya chinensis) (Pseudoxya diminuta)
. 10 135 s . . Shannon
(2.693), (2.319), (1.042),
., Shannon 20. 7% ,42. 4%, UPGMA NJj Nei’s
,Nei’s 0.142, , Nei’s 0.451,
; ; ;sRAPD ;

RAPD analysis of genetic divergence among populations of Oxya japonica. O.

chinensis and Pseudoxya diminuta
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Abstract: The genetic divergence among 4 populations of Oxya japonica. 2 populations of O. chinensis and 1 population of
Pseudoxya diminuta were analyzed using random amplified polymorphic DNA (RAPD) markers. The modified saturated NaCl
protocol was developed in this study to extract DNA from the tissue samples fixed in anhydrous ethanol and from dry
specimens. Nucleic acids extracted from 60 individuals were then amplified using 10 oligonucleotide primers, each of 10
nucleotides in length. The agarose gel electrophoreses revealed 135 clear and stable bands with molecular weight ranging from
200 to 2500 bps. In average each primer yielded about 8 (3~ 9) bands per individual. The RAPD patterns demonstrated
consistent polymorphisms according to population, species and genus. For P. diminuta 75% bands were commonly shared by
the individuals within a population, suggesting the low genetic polymorphic level. Meanwhile, 7. 5% bands were shared by the
individuals among 4 populations of O. japonica. The percentage of the common bands among populations is much higher than
the shared bands between O. chinensis and O. japonica, and no shared bands were observed among P. diminuta. O. japonica
and O. chinensis. Shannon ’s index showed higher genetic diversity (2. 693) within O. chinensis, and the genetic diversity of

O. japonica (2.319) was close to O. chinensis, while P. diminuta had the lowest level (1.042). The dendrogram based on
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Nei’s genetic distance of RAPD markers was constructed using UPGMA and Neighbor-Joining. indicated high within-
population similarities. The clustering followed the order of. first the individuals within a population, then the different
populations of the same species, later the species of the same genus, and finally the species among genera. The four
populations of O. Japonica fell into 2 branches, two geographically close populations both from Southern China were clustered
into one branch, while the other two distant populations were grouped to another branch. The species of O. japonica then was
clustered with O. chinensis, before clustered with P. diminuta finally. These data suggested that several implications. First
RAPD is very useful as an effective molecular marker to distinguish the divergence in Oxya and its closed related genera.
Second there seems to be a tendency of correlations between the genetic and geographic distance among the 4 different
populations from the south to the north. Third, the RAPD similarity follows the order of individuals >populations >species >
genera. Specifically, O. chinensis resembles more to O. japonica than to P. diminuta. The high uniformity in both RAPD and
chromosomes in P. diminuta, along with its narrow distraction range. suggested the species a highly specialized group with
close relationship to Oxya. The results of dendrogram based on RAPD markers are consistent with the previous conclusions of
morphologic classification and cytotaxonomy.
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Table 1 Grasshopper samples for the RAPD study

Species Numbers Sites Location Date Storage
E108°30
O. japonica 8 Nanning , Guangxi , 2001-09 100 % ethanol-fixed
N 22°54
) . . . E 113°12 .
O. japonica 12 Guangzhou, Guangdong N 23° 2002-09 100 % ethanol-fixed
E 108°54
O. japonica 5 Xian, Shannxi N 3402;, 1993-08 dry specimens
E 120°6
O. japonica 7 Hangzhou, Zhejiang N 30°27" 1996-09 dry specimens
E 110°42
O. chinensis 8 Linyi, Shanxi , 2001-09 100 % ethanol-fixed
N 35°21
E 114°24
O. chinensis 8 Pingshan, Hebei , 2002-08 100 % ethanol-fixed
N 38°18
o . . E 113°12 .
P.diminuta 12 Guangzhou, Guangdong 2002-08 100 % ethanol-fixed

N 23°
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1.1.2 , 2,
1.1. 3 Taq DNA JANTP 2

R .PTC-200 ( s Table 2 List of sequence of arbitrary primers
M]J Research,INC), : TMW-20Transilluminator ' (5'-3') 4 (5'-3")
¢ .DELL), primer Sequence prmer Sequence
1.2

S124 5'-GGT GAT CAG G-3' || S283 5'-ACA GCC TGC T-3'
1.2.1 DNA ,100% S125 5'-CCG AAT TCC C -3" || S362 5'-GTC TCC GCA A-3'
S130  5'-GGA AGA TTG G-3'|| S500 5'-TCG CCC AGT C-3'

48 h ’ ; ’ S134 5'-TGC TGC AGG T-3' S823 5'-CGC GTA CTT C-3'
(10 mmol/L. Tris-HCl, 200 mmol/I. EDTA., 50 S148 5'-TGA CCA CGG T-3 S960 5'-CTC CTG AGG C-3'
mmol/L NaCl pH 8. 0) 48 h s s s 55C 8~12h , NaCl, 30
5,10000 r/min 30 min, s DNA,TE(pH 8. 0) , —20C o
1.2.2 RAPD-PCR 25 pl, DNA 20~50 ng, 10X buffer 2.5 pl, Mg®" 2~2.5 mmol/L,
Tag DNA 1U , dNTP 0. 2 mmol/L, 0.4 pmol/L, :94C 1 min 45 s394 C 30s,37C 1
min 30 s,72 C 2 min;45 ,72C 10 min,
1.2.3 EB(0.5 pg/ml)  1.2% . 0.5X TBE, DNA 10 pl
2 pl s . 200 bp DNA Ladder ( ),100V 1.5h,
1.2.4 RAPD > Marker .
s “17, “0”, o ,
POPGENE (version 1. 31) Shannon
H=— i P.lnP;
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.k RAPD ,P; i JH RAPD o Phyltools 6. 0 Nei’s
» Mega UPGMA NJ , .
2
2.1 DNA
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DNA , , , DNA s ;  DNA ¢ D,
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10 10 bp s 3
DNA s 135 . o e WD el o —
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11~16 s 13
s (
7.5%  9.8%),
(75%0)., 2. 3. 1 DNA
2.3 Fig. 1  Agrose gel electrophoresis of genomic DNA of partial
Shannon : s samples fixed in 100% ethanol
(H C 3, ( S823, H( )=0.479, H( )=0),
DNA , DNA o 3 ,
(2.693), (2.319), (1.042),  Shannon
4, 20.7% ,79.3% ; 42.4% .
57.6% .
2.4
Nei’s ¢ 5 s (0.142), (0.451),
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Fig. 2 RAPD profile of primer S823

1~12: P. diminuta; M

(200 bp DNA

Ladder) Molecular marker (200 bp DNA Ladder)

3

1~5:

Shannon

3

HEYIR

5283

Fig. 3 RAPD profile of primer S283

O. japonica from Xi'an, Shaanxi

6~12:

O. japonica from Hangzhou,Zhejiang M:
(200 bp DNA Ladder) Molecular marker (200 bp DNA Ladder)

Table 3 Shannon’s index detected with 10 primers for 7 populations

O. chinensis

O. japonica

P. diminuta

Primer A B E F C D P

S124 5.748 3. 909 2. 840 1. 638 1.208 1.173 0.0693
S283 1.118 1. 906 1. 267 3. 099 2.216 1. 076 0. 394
S362 1.411 1.733 0.753 0.995 1.221 2. 067 1.814
S960 0.479 1. 96 2.208 4. 399 2. 597 2. 939 1.023
S500 0.992 1.78 2. 353 2.707 1. 686 3.379 0

S823 0.479 0 0.788 1. 068 0 0. 862 2. 368
S125 2. 447 4. 028 0.907 4. 377 4.586 2. 68 0

S134 4. 241 4.199 2.729 3. 606 2. 664 2. 865 1.476
S148 4. 895 5.094 4.672 4. 094 0. 658 2. 819 2. 652
S130 3.525 3.928 2. 44 1. 87 3. 467 3.778 0

Mean 2.533 2. 854 2.096 2.785 2.03 2. 364 1. 042

2.693 2. 319 1. 042
A ( )O. chinensis from Linyi,Shanxi; B ( )O. chinensis from Pingshan,Hebei;C (
)O. japonica from Xi'an,Shaanxi;D ( )O. japonica from Hangzhou.Zhejiang; E ( )O. japonica from

Nanning , Guangxi; F (
Guangdong
2.5

Nei’s s

3
3.1 RAPD

DNA s
NaCl
10a )

DNA
EDTA

3.2

Shannon s

UPGMA NJ
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4 Shannon

Table 4 Partitioning of the diversity among populations with 10 primers estimated by Shannon’s diversity index

O. chinensis O. japonica
Primer Hyop Hy, Hyop/Hep (Hp-Hyop) /Hep Hpop Hy, Hpop/Hep (Hop-Hyop) /Hp
S124 4. 828 5.625 0. 858 0.142 1. 715 2.477 0. 692 0. 308
S283 1.512 2.192 0. 690 0. 310 1.914 3.529 0. 542 0. 458
S362 1.572 2.014 0. 781 0.219 1. 259 1.996 0. 631 0. 369
S960 1. 219 1. 559 0. 782 0.218 3. 036 4.507 0.674 0. 326
S500 1. 386 1. 545 0. 897 0.103 2.531 4. 804 0.527 0.473
S823 0.239 0. 285 0. 839 0.161 0. 680 1.392 0. 488 0.512
S125 3.237 5.165 0. 627 0. 373 3.137 5. 549 0. 565 0. 435
S134 4.220 5.705 0. 740 0. 260 2. 966 6. 394 0. 464 0.536
S148 4.994 5.762 0. 867 0.133 3. 061 5.996 0.510 0. 490
S130 3.726 4. 398 0. 847 0.153 2. 889 4. 304 0.671 0. 329
Mean 2.693 3.425 0.793 0. 207 2. 319 4. 095 0.576 0.424
Hpop: The average genetic diversity within-population; H,: Total genetic diversity ; Hpop/Hep:
Proportion of genetic diversity within-population; (Hg-Hpop)/Hp: Proportion of
genetic diversity among populations
5
Table 5 Nei’s genetic distance (below diagonal) of populations
Population A B E F C D P
A * X X * 0.9471 0. 8642 0. 8695 0. 8435 0. 8666 0. 684
B 0.0543 * X X % 0. 8629 0. 8881 0. 8608 0. 8864 0. 6504
E 0.1459 0.1475 * oK % * 0. 8928 0. 8556 0. 8827 0.6248
F 0.1399 0.1186 0.1134 * X K % 0. 8704 0. 898 0.6151
C 0.1702 0.1499 0. 1559 0.1388 * X K % 0.923 0.6329
D 0.1432 0.1206 0.1248 0.1075 0. 0802 * X X % 0.6181
P 0. 3798 0.4302 0.4703 0. 486 0.4574 0.4811 * K KX
* 3 See table 3 for explanation of population code
o 3 s s
s s 3 (1.042); (2.693).,
’ N ’ b .’
b 9
19]
’ o N .
20.7%,42. 4%, 20.7% ,79.3% s 42. 4%
,57.6% B s s s
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b b o
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Fig. 4  Dendrogram of O. japonica, O. chinensis and P. diminuta Fig. 5 Dendrogram of O. japonica, O. chinensis and P. diminuta

based on a pair-wise distance matrix formed using Nei’s distance of based on a pair-wise distance matrix formed using Nei’s distance of

RAPD marker and clustered using neighbor-joining (See table 3 for RAPD marker and clustered using UPGMA (See table 3 for
explanation of population code) explanation of population code)
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