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Sequence analysis of the mtDNA gene and genetic differentiation in
geographic populations of Empoasca vitis
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Abstract Mitochondrial DNA 16S rRNA gene sequences were sequenced in 103 individuals of Empoasca vitis ( Gothe)
from 12 different geographical populations, including an outgroup species ( Erythroneura sudra Distant). We compared the
homologous sequences of all the individuals, and then calculated nucleotide composition. A median-joining network was
constructed using Network 4500. Through sequential analyses, we observed that the value of A +T was about 76. 8% and
56 nucleotide sites were substituted in the 536 bp fragment of E. witis. 56 haplotypes were detected in 100 individuals.
Haplotype diversity index ( H) and mean nucleotide diversity index ( Pi) reached 0. 971 and 0. 006 respectively. The gene
flow (Nm) among the 12 populations was 1. 64. The overall Fst value was 0. 026. Molecular variance (AMOVA) analysis
indicated that a high proportion of the total genetic variance was attributable to variation within populations (97.4% ).
The median-joining network of the 56 haplotypes did not clearly resolve the 12-location groupings of haplotypes and did not
correspond to every geographic group of E. witis.
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W R AT 2R R AF 2T 4 (R
BRJ7, 19925 WL AT, 1992 F A 36 FBK UK #F, 1996
Hu,1997)

2 ki f& DNA ( mitochondrial DNA , mtDNA ) %t
PRI 4 BT AE , 25 A0 R X B, B AT e 4 DL B
TS BN B AR g AL kA T AR DRI A 2 ik
PRAF M 45 0 5, [ B miDNA J& F 40 fg 2% 5 3
4, Tk = 200 0 A R DR A ) R B LR PR AR S R
iy B I BE A8 S W AL B R P Y AL g5 A, O
R ARG R T FhRE IS AL 28 5 Ao AL I 2
TP 43 2 B0 % S5 i o T2 R bR il 2 —
(Lunt et al. , 1998 ; Shufran et al. , 2000; Smith,
2005 ;Zanol et al. , 2010) ., HAT, M HT 2% 1k
WEFE T B 22 1Y 43 F br 10 5 XA 40 L 68 3% 4R AL i
I (cytochrome oxidase [ gene, COI ), 16S rRNA
F112S rRNA %[5, H mtDNA 16S rRNA £ CH
MESh W) RN 1 35t % A2 b e P 245 3 1Tz
Mo AT A 16S rRNA JE B GE A &% % 58
AR 5y A A2 D 7 SREIRE AR L St DX A R R A
WL SUA [] b 3 R B ) mtDNA 16S rRNA fE7F — &
TR EE I35t 7 3 4k 5 28 3E X IR S 4K 18] B9 mtDNA 168
rRNA # 17 1R 8 5 77 76 F & 9 72 5 ( Machado
et al. ,1993 ; FRUT 4% 2010 ; W0 % 4% ,2010) ,,

H BT A X AR /) 2t - W BF 5 32 AR R 7R A
T SR AR ML RN BT ¥R SR W A T T, AT AR R AT I
F RAPD #5 ic 2K 0F 5 2% 14 /D> 2 it 3 0 34 b 19
J 2R 2% G Z2 RN b B 43k 4 R DG 4R 38 (A A R
FHi,2005,2007 ) , Jiz H] mtDNA A 2y 43 F #5ic 2k
FFEAR HIR /] ¢ - Wi ) 33 42 AR B0 1 A DL A1 T

AHIEFE LUBLHR /)N St et f) S0 K P 168 rRNA
FERAE R o3 Fhnid , e 1T 4 B 12 A A6 b 38 R
R AR /N i W 2R 1 168 rRNA 3 [K] 8 43 I3 471
Itk — S M1 Erythroneura sudra ( Distant) {F
HMEE RS RGN, LU 43 F 7KOF 345 e A
MR G O Z O S R AT 36 2 4 1 AR
Y07 AR

1 #MRE5F*
1.1 i HRiE

AR FF T U 4 R 1 B R IR YT R
B KV EEEMN TN LA E S E
RACT 30 I B MG ) T b R R e ) AR

T B PRGN (3R 1) o 4% iy B b A 42 2R T AR
MR /s g i Wi Rl By . TR 2B R G,
- 20°CIRAFHH

1.2 E[F4 DNA 3R E

HUORAFAE TCIK LT v 0 Al R /) S i s o
A, HE R 2H DNA 38 BUR FH 8 1/ 8007 il 38 12 (A
A S i, 2005) .

1.3 PCR ¥ i

PCR §" M1y b3 R 519093 501 8

5'-CCGGTYTGAACTCARATCAWGT-3'

5'"-CTGTTTAWCAAAAACATTTC-3’

PCR 48912 R S JK % 25 L, 1l AR DNA
0.3 L Tag DNA B4 (5U),2.5 uL PCR 10 x
buffer(Mg>* ) , 2 pL dNTP (2.5 mmol/L),0.1 pL
16S_F(10 mmol/L) ,0.1 pnL 16S_R(10 mmol/L) ,
MEETIKE 25 plo P8 N 264 :94°C FiAL
P 3 min;94°C 251 30 s,50°C &2 ¥4 1 min,72°C ZEfift
1 min,35 MG ,72°C F-LEfH 10 min,

14 EEEESHINE

P14 & A TAL S BE (EB) 1Y 1% BRJiE#
FL DK RS N 5 P R e 1T e a7 & Tl , 28 T/ A e B
1% B E pGEM-T Easy Vector, Ff f CaCl, %% 1k
ERBFTE TGl H, 7 & A Amp/X-gal/IPTG
LB [R5 F2 5L 1 37°C o 8 5%, BEPL PRI A 8
TR, F AT M3 A 3d 5 | 4 A6 0 i i B 1 e B
I8 2 Ll A= Wy 2% A BT I AR SIE T P 45 2R 1Y)
ATEEE
1.5 DNA F 3 4R 412

fdE 1] ClustalX 1. 83 FA%: X iy 75 5 HR /] 2 - it
ZOBLK 16S TRNA JE[H 7 91 AT 22 5 81 [Rl U %t L
FERTLAN TR o W 4K #F DnaSP 5. 0 ( Librado
and Rozas,2009) 7+ 55 i B 4% 17 R 2 A 1, OF BE4T
PR, i MEGA 4. 1 ( Tamura et al. ,2007)
3 F Kimura 2-Parameter ( K2P ) 5 Y 34520 Ff 55 [A] 1Y)
wAL BB, bk 2E AL K 9 R Tajima’ s D
(Tajima,1989) fil Fu Yy Fs(Fu,1997) ¥ % . * M
Network 4500 %% /4 ( Polzin and Daneschm,2003) %
il 5 A% AL a] i E Ak R 2 K, A T Arlequin3. 11
( Excoffier et al. ,2005 ) 3 {4 X} B B 2 47 53 + 48 5
538 (AMOVA) |
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Table 1 Collecting data and number of assayed indibiduals of Empoasca vitis in this study
- . e = N I3 Hr A4
AL FBE (LA B 4 £ KA ] |

Sampling location Population code

Geo-coordinates

Number of individuals
Collection data

assayed
K1
ERAD CO-YC 29°21'N,105°53E 2010. 07 9
Yongchuan Chongqing
flﬁ‘f% JS-WX 31°34'N,120°13'E 2010. 08 8
Wuxi Jiangsu
@ﬁ{%‘}” HN-DZ 19°30'N,109°29'E 2010. 08 8
Danzhou Hainan
i 2 )
g M FJ-FZ 26°05'N,119°13'E 2010. 07 8
Fuzhou Fujian
i 58
{Eﬂjtpﬁﬁ . HB-ES 30°17'N,109°29'E 2010. 07 7
Enshi Hubei
) 2T PR YN-XSBN 21°59'N,100°25'E 2010. 09 7
Xishuangbanna Yunnan
o 4t
] IR GD-YD 24°12'N,113°24'E 2010. 07 8
Yingde Guangdong
[g EAN
LR HN-CS 28°12'N,113°04'E 2010. 08 10
Changsha Hunan
== L
) IR 5 SD-QD 36°12'N,120°35'E 2010. 10 9
Qingdao Shandong
¥ :I L“I‘
H’ﬁ( ’F}LJIH ZJ—HZ 30010’]\1’120005’]1: 2010. 04 7
Hangzhou Zhejiang
f‘ﬁﬁﬁi ) GX-GL 25°17'N,110°21'E 2010. 10 11
Guilin Guangxi
l—“?'[: Iﬁ'i H
LRI AH-XC 30°58'N,119°08'E 2010. 06 8

Xuancheng Anhui

2 ZRE55MH
2.1 {BER/NRIE S K 168 rRNA F 545 1E R

TR

R FHAR R /I it 100 S AR (g 2ok K 168
rRNA JE KR53 775 3847 PCR &7 48 43845 1 45 5+
PEARGF 1Y PCR =), 207 5100 22 , 345 i mtDNA
168 rRNA JF 41 i i Be R/l 536 bp (AL & 519 17
G0, FH MEGA4. 1 B4 48 11 iR IR /)N & i
16S rRNA J [A 75 fb 2 Ff BF b £/ <7 L 53 (C) 479
A AR (V)56 A, ] 2015 B AL (Pi) 10 4,
H &AL (S1)46 4>, 7EIX 56 N Ry girh 47 54
A R T PR AL 53 (two variants) |, {UAT 2 A2
A =L AE 7 (three variants) |, 75 3 s 3L 41
A EHR AL 14 A, 55 1 AR (ni205, B A
205 SAZ PR AL AT ) B Y LA 4l th LA 4 . i

KR BOF S A T &k 32.7% ,C & &
H14.7% , A MR RN 43.1%,C & &R
9.5% A +T & (76.8% ) BEET G +C WHE
Ho AAT 56 R AR RLAE 12 S FEAR T o A, 4
KRR, e A AL AL )y 18% (10/56) , Horbr, HO
FHST 4346 )7z, Wl BE R G FRAs B . HY I3 A T
TASEE A S 10 AR I HL HSL 53 4
T o AR T A 9 MAKFRI N H51, 45 Fp
BEAEAE TR P (R 2, 3) .

2.2 (RER/INGRIEHEFEE SR S HEME S
fBHR /NS i ifl 12 A~ 1y PR AP RE 16S rRNA K K]
T4 0 LA S A 12 A b B AR R ) A A —
Mt 22 5. ML S MBI RY (K 4), &K Fh i
Z AV RUEUE 5 ~ 15 2Z Ja); 2% Hb 38R0 BE 9 19 20
718 22 B K P HO B R, B R 2 R P A B



- 678 -

W B #2243 Chinese Journal of Applied Entomology

50 &

Table 2

®2 RER/NGATEE 16S rRNA EEFFI B EREERETHSH

Haplotypes of 16S rRNA and their distribution in 12 population of Empoasca vitis

g
i
Haplotype

AR S S S A,

Sequence variations and corresponding sites
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43K 2 (Table 2 continued)

AR S e M

Sequence variations and corresponding sites

HL A Y
Haplotype

H1
H2
H3
H4 .
H5 G

H6 .

H7

HS8

H9 . . . . . . . . . .

H10 . . . . . . . . .G

HI11l . . .G . . . .G . . . . . . . . .
H12 . . . . . . . . . . . . . . . . .G
H13 .Cc . . . . . . . . A

H14 . . . . . .

H15 . . . . <A . . . . . . .

H16 . . . . . . . . . . . .G

H17

H18

H20 . . . . . . . Cc . . . . . . . . . . .oCc . A
H22 . . . . . . . . . <A . . . . . . . . C
H23

H24

H25

H26 . . . . . . .

H27 . . . . . . C

H28 . . . . . .

H29 . . . . . C

H30 .
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H33 . . . . . . . . . . . . . . . .7

H34 . . . . . . . . . . . . . . . .7
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H39 . . . . . . . . . . . . . . .

H40 . . . . . . . . . . . . . A

H41 . . . . . . . . . . . . . .

H42 . . . . . . . . . . . . . C

H43 .
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H45

H46 . . . . . . . . . . . . . . . .

H47 . . . . . . . . . . . . . . .G

H48

H49
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H51 . . . . .

H52 . . . .7
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®3 RER/NGAE 16S rRNA WA FRFE K GenBank BR S

Table 3 Haplotypes and GenBank accession numbers of 16S rRNA gene sequences of Empoasca vitis

%#ﬁiz @& GenBank
B4 Population name .
YN .
Haplotype CQ JS HN FJ HB s GD HN SD Z] GX AH GenBank
YC WX DZ FzZ ES BN YD CS QD HZ GL XC accession number

H1 1 JQ886736
H2 1 JQ886737
H3 1 JQ886738
H4 1 JQ886739
HS5 1 JQ886740
H6 1 1 1 1 1 1 JQ886741
H7 1 JQ886742
HS8 1 JQ886743
H9 1 1 1 4 1 1 1 JQ886744
H10 1 JQ886745
H11 1 JQ886746
H12 1 JQ886747
H13 1 JQ886748
H14 1 JQ886749
H15 1 JQ886750
H16 1 1 1 JQ886751
H17 1 JQ886752
H18 1 JQ886753
H19 1 JQ886754
H20 1 JQ886755
H21 1 2 1 JQ886756
H22 1 JQ886757
H23 2 1 1 JQ886758
H24 1 JQ886759
H25 1 JQ886760
H26 1 JQ886761
H27 1 JQ886762
H28 1 JQ886763
H29 1 JQ886764
H30 1 JQ886765
H31 1 JQ886766
H32 1 JQ886767
H33 1 JQ886768
H34 1 JQ886769
H35 1 1 1 1 1 1 JQ886770
H36 1 JQ886771
H37 1 JQ886772
H38 1 JQ886773
H39 1 JQ886774
H40 1 JQ886775
H41 1 1 2 1 JQ886776
H42 1 JQ886777
H43 1 JQ886778
H44 1 1 1 JQ886779
H45 1 JQ886780
H46 1 1 JQ886781
H47 1 JQ886782
H48 1 JQ886783
H49 1 1 1 JQ886784
H50 1 JQ886785
H51 1 1 1 3 1 2 JQ886786
H52 1 JQ886787
H53 1 JQ886788
H54 1 JQ886789
H55 1 JQ886790

H56 1 JQ886791
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Table 4 16S rRNA hapolotype diversity, nucleotide diversity in different geographic populations of Empoasca vitis

- %?lﬁkmlﬁ b g BALRE AL 22 R f%ﬁ@ﬁgﬁiﬁ BB R P 1 72 S AL
Polymorphic Haplotype Nucleotide Average number of
Population code Haplotype
sites diversity (Hd) diversity () nucleotide differences( k)

CQ-YC 8 9 1. 000 0. 005 2.556
JS-WX 9 8 1. 000 0. 006 3.071
HN-DZ 7 6 0.929 0. 005 2.643
FJ-FZ 8 9 1. 000 0. 006 3.000
HB-ES 12 7 1. 000 0. 008 4. 381
YN-XSBN 5 4 0.714 0. 004 2.000
GD-YD 13 8 1. 000 0. 007 3. 607
HN-CS 10 9 0.978 0. 006 3.244
SD-QD 6 7 0.917 0. 004 1.944
7J-HZ 5 7 1. 000 0. 004 2.190
GX-GL 15 10 0.982 0. 007 3.782
AH-XC 11 8 1. 000 0. 007 3.500
BBEAR Total 56 56 0.971 0. 006 3.088

RS (RER/NG I A [ 3 38 B B¥ ] B K2P iE (R REES

Table 5 Genetic distance of the different geographic population of Empoasca vitis based on Kimura 2-Parameter model

KA .
Sampling CQ-YC JS-WX HN-DZ FJ-FZ HB-ES N GD-YD HN-CS SD-QD ZJ-HZ GX-GL AH-XC

location

CQ-YC —

JS-WX  0.006 —

HN-DZ  0.005  0.006 —

FJ-FZ 0.005 0.006  0.005 —

HB-ES  0.007 0.007 0.007 0.007 —
YN-XSBN 0.004  0.005 0.005 0.004 0.006 —

GD-YD 0.006 0.007 0.006 0.006 0.008 0.005 —

HN-CS  0.005 0.006 0.005 0.006 0.007 0.005 0.006 —

SD-QD 0. 005 0. 005 0. 005 0.005 0.006 0.005 0.006 0.005 —

7J-HZ 0.004  0.005 0.005 0.005 0.007 0.004 0.006 0.005 0.004 —

GX-GL  0.006 0.006 0.007 0.006 0.008 0.006 0.007 0.007 0.005 0.005 —

AH-XC 0.006 0.006 0.006 0.006 0.008 0.006 0.007 0.007 0.006 0.005 0. 007 —
E.sudra 0.240 0.238 0.240 0.240 0.241 0.239  0.241 0.241 0.240 0.240 0.239 0.241

£6 BAR/NEM 12 M IEF B L KI{E DNA 16S rRNA EEF T RN TERSH
Table 6 Molecular variance (AMOVA) analysis of mitochondrial DNA 16S rRNA gene sequences in

12 geographic populations of Empoasca vitis

AR 5 SR IR o 77 L Vi T2
Source of variation d.f. Sum of squares Variance components Percentage variation
Fh ] Among population 11 20. 242 0.040Va 2.6
AN Within population 88 132. 598 1.507Vb 97. 4
R 5 Total 99 152. 840 1.547 100

[ %2 Z %X fixation index, Fst 0.026.
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0.714 ~1.000 Z[H] ; #% 1 FR 2 #4544 7E 0. 004 ~
0.008 Z[1] . M B SR F, 100 A4 4 3 4G ) 1
56 P fE A 2SO E(S) Ry 56, %1 IR 2 FE I
FeEL (Pi) {2y 0.006, F ¥ 4% 4F % 22 5 8 (k)
3.088, HPEAG 4 Tajima’s D {H A —2.324 (P <
0.01) ,Tajima’ s D {H #5 Z i 3 B B 44 b F R
RZS, D H Ry G800 AT B8 IR T3 0 BER Bk e
AT R A S FE DR R A R 1 1 I
SR PR ) Fu [l Fs BB 45k Fs = -
75.571(P =0.00) , 3= B 7650 1 223 25 AR /)N
WA AT BB 28 I T — > DR B R R K R Y
Flk,

2.3 (RER/NERMAEFHEE B E G

# FH MEGA 4.1 % {4, 3 F Kimura 2-

Parameters #1180 T 7 P P 51 22 (6] % A R A9 st
LR ES . 15 W 12 AP e 22 8] ) A% R 35t 14 B B
£ 0. 004 ~0. 008 Z [f] , 1fif 5 S FFE Bk — w BE 0 it o
E 22 [H] 1) 35 A% B B #F 0. 238 ~0. 241 Z [ (£ 5)

2.4 {RBER/MEEA 18 mtDNA 16S rRNA HE{ZFHIK
HU MK TR

SR i A 14 Hh A 9 265 35 % 56 Ff (BLHR /1N 2 i
W mtDNA 168 rRNA 4% B [ 2% 5 2 ik 17 19 i
(1) o NIEL L AT RLAE M B A 1 00 2% 52 BOIR
TERE A b AT 8w AR B JLFP S0 2, 7 T ) 2%
FEATET A v T, HG A R A0 3 Y LA R T i R
T LA R B R A A ARG o 5 B — b e L
o] SRS, IR BRI R . M4 C R
el 8y B2 RIS 4 ) 2 B BCHR /) 2o i A Oy o 1
A BB 28 ok Al B 9K, X 5 R G S B AR —
.

2.5 fRER/INGRAT B 5 AE S5 AR F0 B F R
it AMOVA 7y 748 5 oy #r 45 2R ol DL
(6) BRI /NS it 12 4> iy 31 o 0 47 388 4%
L5 o T, 25 2R I 7 Rl AR PA R AR () 2 A 38 A% AR
S, (ERREE A B0 S8 AL S R SR 97. 4% W] B
= TR (] A 28 5 (2.6% ) o U W ABLHR /) g - 0t
38 1L oA B2k B TR REN TR
I8 A 2% B R 20 M A T JHE AR ) B 23 A AR
JEE T PR DU AT L i 7S A T 5 DR 52 R Y K F-
MR AL AR LR . AW T 25 R 7R 25 i R
Z A2 PR 1. 64 (Nei) , Sl A i [ 2 22 4K
Fst 90026 , 16 W 45 Fft 4 22 8] 9 5 DR 5 3 A 5%, 3t

A AL FE /N
3 it

AT LA R AR 9 BHIR /N 2 i W08 VR AR AR S A4
BE X5 12 A b B FRRE (9 100 A A A B 2 kL (4R
DNA 16S rRNA SE PN F7 81 i 47 1 00 L 20 B, 9F 44
T AR M G R 7R 536 bp
() 100 7% 16S rRNA B R BP9 b, A + T & &
3 76.8% , W] 16S rRNA FEPR7EHg S 2H i - B A
B S 1) i e L 5 HG T SOk R T A B e ok A R
B 19 45 A0 — 3¢ ( Jermiin and Crozier, 1994 ; Simon
et al. ;1994 ; 75 K X5, 2005 ; F2 81 %6 ,2010) , 12
A AR B A5 B Z A MK (3R 2) B TR =
IR (E R B IR 2 A R IR . 3K ol R AIE 388 A7
T 2R LG MY (Lavery et al. , 1996;
Bucklin et al. ,1997)

M 16S rRNA 731 7K - b Xk AN (] b 280 Fob
MR /DN e R Y 8t A OC 2R 1 E AT 38 A% 3 B, AR R
K2P 32 71 55 45 Bl BE 22 18] 19 382 % BE 25 O 0. 004 ~
0. 008 , % i 7 % 3 #R LA, d WY HL 382 4% 3 AL A B
ARAR , ELA5 FhE 55 AR 2 8] 1 38 4% B B JE AR — 3,
R AU RAPD HRic 2 T 4% 2 P 41 DNA X iR
JINEge - AN [) i R ORY: 1) 35 4% 22 REPE RIS R L 2
BAT P BE W W38 45 Z2 1, PR (A) 10 35t % IR Y
£ 0. 119 ~0. 347 Z [a] (& £ A1 i 5 5, 2007 )
PRI, AT A T % R /) 2 - i 30 408 A A 2% Bl op
B, BT D s B, TE R AR R R A AR R
AR S 3 /b, R B B 384 22 BN 2 TS
Pl % R0 B Y R 2% 3 Ak 1 45 SR IR A5 A TR 450,
BT ] A [ e 39 I MR /) gt v o S A A B I
M A28 S o BRIR b, BN 3 T R A A
SR B AL SRR AR R 38 AL 20 Ak b N AR A — S 1Y
2250, 2% A AL i A 25 B0 25 1 2 0 b
R 352 A% 25 1 77 A S e o AR 0T T B A VR K
22 PR AR My B8 2% 8 W R ARk TR P ) 22 S
AT 368 ok ] — o 0 v AR [] A A 43 A 7 A ) 1 2 2
PEE R TR R R N e AR A 2 8 . AR
WEFET 12 A FhRES i), 76 H BT B 96 3R
G S A AR B 22 5, {H G 38 4% 3 AL R B
5, XTI U] T /e i WK A 16S rRNA (1 £t
S X B 55,2005 )

[ 2 F B Fse (BRI 4340 3 80 AR st 1%
IR A — b R R 2, AT s e A (R ) b e



33 o IRAE BAR Dk ik B 3t 3 R R ) 2R A DNA 168 tRNA 2 N R 81 o3 A7 K3t 7% 23 AL BT 5 - 683 -

() ( @ @
® @ @00 oo
)
®'@
4 @

@2

o——{»)

@9 o\ (=)
ST RS
®
p— ==
T ® T

B 1 56 f mtDNA 16S rRNA B {ZRI L W& X R
Fig.1 Median-joining network of 56 mtDNA 16S rRNA haplotypes
T LR AR SR A AL [R] 14 A 5 e 8 B HIL ~ H56 378 BAAE AU 18] 110 DR /I 28 7 SR BUTE R i v o B AR A%

Short perpendiculars on lines show number of nucleotide substitutions between haplotypes.

Area of circle is proportional to haplotype frequency. H1 — H56 indicates haplotypes.

FIRE Z 18] Y 5 9 25 S P 1, AR /0N ¢ i RS (]
PRFREE 2 (6] B Fst {5 7E - 0.071 ~0. 188 Z [f], i
REARRY Fse (Hh 0.029, $ 4l , FE P 401k R 80w
fHATF 0 ~0.05 Z[a] & m BF A 1] 35 4% 2 AL R B AR
§9,0.05 ~0.15 R4 4k R 45,015 ~0.25 3k
Iy A BB OR, KT 0.25 gy 4k R E ROk
(Rousset. ,1997) , At SR I F , B AR /N gkt
AN ), L B 22 ] ) 35 4% 2 A AR BE AR 55
FERVE (Nm) $§ — A R fE 09 5 D 5% 78 = 55 4
—FEE, B R MR R WA R, @ E N
M Nm AR T 1B U IR 2 8] 5 A B S A st 1%

S ER L R R AR, Y Nm (E/N T 1 B, 3R
AN AR IR AR T AR T i Ak, T R Nm {H R
T4 R R R Z R R N SZ W EE BT A
(Allendorf, 1983 ) o ASHfF 5 H A HR /) 2 I Aol
AL Nm 2y 1. 64 (Nei) , 1 B 4% Bl fiE 2 [ 2[4
SRR BE B (Nei, 19825 B 52845 ,2002) o 7> 1
AR ST CAMOVA) 25 R R W5k A A RE N A9 8 15
AR AR Y 97. 4% W W T AR ] ) A
(2.6% ) , W 45 2 A Sz e 1Y ol A9 ) ) i DR 52 O 03

AL S5 R LR, oA T3 12 A4 6] X5



- 684 - W B #2243 Chinese Journal of Applied Entomology 50 &

A IR /) o i R 7 T8 A% 1 AT 3 R R S 1, X
FTARE LU LA PR B A - 55—, 16S rRNA S
DA FE A O <, A 3k R B et 5 50—, fRUIR /)y
gt Wi R AT RE D B, AN R BT G (HOR
FRICRERE TR BLAY AT BE , P, 40 2R L6 4 i 7
LSRR N AR ad — e s L AR A
] R AT 5 A AT B e 2 ] e A R TR S R AR
500 = R b A 2 R BT A AR R R Y 2 Ak
g B2 ACORSE T G T 7 9 A= 25 2% R R O B A 25 28
SR AT AR T A B R AR T R AR ) 0 %
Aii DX A bR E LA 7 30 9 A 3 B 3 AR
o

AT R W] (R /) 5 i Wi g 2R AR 168
rRNA AHX PR ST, 76 A [] 20 Fp RE 22 ) 28 5 0 AL
JEAR/IN ,ANTE T H AR Brocstse . Pt Z A
T 2% B Al MR /) S - o I ) 382 A A R R
FAERN T 0 AL R, i 75 1k — 20 K 4 0 3 9% 45 0
MR RRIC . A iR 51 A /NS b v i H Al
UTZ A, LA AR GEWT T M AR /) & - i g 2 A o R G
A 235 e 3 7 5 38 R

B RO AL R B T AE B OR B R ke R
KRBRAE KZ A5 % B (2008FY210500) i
A KK B G Fa NA K R R KR,

2 % 3k ( References)

Allendorf FW, 1983. Gene flow and genetic differentiation
among populations. Conserv. Genet. , 18(3) :51 - 65.

Bucklin A, Smolenack SB, Bentley AM, Viebe PH, 1997.
Gene flow patterns of the euphausiid Meganiyctihanes
norvegica in the NW Atlantic based on mtDNA sequences
for cytochrome b and cytochrome oxidase 1. Plankton Res. ,
11:1763 - 1781.

Excoffier LG, Laval S, Schneider S, 2005. Arlequin ver.
3.0: an integrated sofeware package for population genetics
data analysis. Ewvol. Bioinform. , 1:47 —50.

Fu Y, 1997. Statistical tests of neutrality of mutations against
population growth, hitchhiking and background selection.
Genetics, 147.915 -925.

Hu C, 1997. Distribution and importance of arthropod pests of
tea in southern China // Yang LL, Wang R (eds. ). The
Distribution and Importance of Arthropod Pests and Weeds
of Agriculture and Forestry Plantation in Southern.

Waterhouse, DF. Aciar, Australia. 100 - 101.

Jermiin LS, Crozier RH, 1994. The cytochrome b region in
the mitochondrial DNA of the ant Tetraponeru rufoniger:
sequence divergence in Hymenoptera may be associated with
nucleotide content. Mol. Biol. Evol. , 38.282 —294.

Lavery S, Moritz C, Fielder DR, 1996. Indo-Pacific
population structure and evolutionary history of the coconut
crab Birgus latro. Mol. Ecol. , 5:557 -570.

Librado P, Rozas J, 2009. DnaSP v5:. a software for
comprehensive analysis of DNA polymorphism data.
Bioinformatics, 25:1451 — 1452.

Lunt DH, Ibrahim KM, Hewitt GM, 1998. mitDNA
phytogeography and postglacial patterns of subdivision in the
meadow grasshopper chorthippus parallelus. Heredity, 80:
633 —641.

Machado EG, Dennebouy N, Suarez MO, Mounolou JC,
Monnerot M, 1993. Mitochondrial 16S-rRNA gene of two
species of shrimps: sequence variability and secondary
structure. Crustaceana, 65 279 —286.

Nei M, 1982. Evolution of human races at the level. Prog.
Clin. Biol. Res. , Pt A; 167 —183.

Polzin T, Daneschm SV, 2003. On steiner trees and minimum
spanning trees in hypergraphs. Oper. Res. Lett. , 31:12 —
20.

Rousset F, 1997. Genetic differentiation and estimation of
gene flow from F-statistics under isolation by distance.
Genetics, 145, 1219 —1228.

Shufran KA, Burd JD, Anstead JA, Lushai G, 2000.

Mitochondrial DNA sequence divergence among greenbug
( Homoptera: Aphididae ) biotypes: evidence for host-
adapted races. Insect Mol. Biol. , 9(2) :279 —284.

Simon C, Frqti F, Beckenbach A, Crespi B, Liu H, Flook P,
1994. Evolution, weighting and phylogenetic utility of
mitochondrial gene sequences and a compilation of
conserved polymerase chain reaction primers. Ann.
Entomol. Soc. Am. , 87(5) :651 —701.

Smith PT, 2005. Mitochondrial DNA variation among
populations of the glassy-winged sharpshooter, Homalodisca
coagulata. Insect Sci. , 2005.5:41.

Tajima F, 1989. Statistical method for testing the neutral
mutation hypothesis by DNA polymorphism. Genetics, 123
585 —595.

Tamura K, Dudley J, Nei M, Kumar S, 2007. MEGA 4.
Molecular evolutionary genetics analysis ( MEGA ) software
version 4. 0. Mol. Biol. Evol. , 24. 1596 —1599.

Zanol J, Halanych KM, Struck TH, 2010. Phylogeny of the
bristle worm family Eunicidae ( Eunicida, Annelida) and the

phylogenetic utility of noncongruent 16S, COI and 18S in



	KCZS1303 111
	KCZS1303 112
	KCZS1303 113
	KCZS1303 114
	KCZS1303 115
	KCZS1303 116
	KCZS1303 117
	KCZS1303 118
	KCZS1303 119
	KCZS1303 120

