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Genetic variation of Empoasca vitis ( Gothe) ( Hemiptera. Cicadellidae) among

different geographical populations based on mtDNA CO I complete sequence

ZHOU Ningning, WANG Mengxin, CUI Lin, PAN Cheng, ZHANG Xinting, HAN Baoyu "
Zhejiang Provincial Key Laboratory of Biometrology and Inspection & Quarantine, China Jiliang University, Hangzhou 310018, China

Abstract; The tea green leafthopper, Empoasca vitis ( Géthe ), is one of the most important tea-plant pests that causes
significant losses on tea leaf production throughout all growing regions in mainland of China. The multiple occurrences of the
overlapping generations of this pest have led to serious infestation on tea leaves. Adults were collected from the thirteen
primary tea-producing provinces respectively, with each representing one geographic population in the southeastern China.
The complete sequences of the entire mtDNACO I gene (x bp) of E. vitis were compared among 13 populations. The genetic
structure of these populations was further investigated based on the CO I DNA sequences. A total of 176 CO I gene complete
sequences with 113 variable sites and 105 haplotypes were obtained. The haplotype diversity index ( Hd) was 0.9720 among
all populations, ranging from 0.804 to 1.000 within single population. The Tajima's D tests for all populations or each single
population did not reach any significant level, which suggest that the evolution and the abundance of E. witison tea
plantations remained on quantitative level, which fits well with the neutral model. The Results of ANOVA analyses
demonstrated that genetic differentiation of E. witis mainly occurred within populations. The Mantel test disclosed that the

genetic distance among populations was not correlated with the geographic distance. Among the 13 populations, the total
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genetic differentiation coefficient ( Gst) was 0.03652, the total fixation index ( Fst) was 0.10876, and the gene flow ( Nm)

was 4.097. This indicates that the high level of gene exchange does exist in the different geographical populations, but not in

genetic variation. We believe that the massive and frequent transportation and plantation of fresh tea leaves and seedlings in

different host plant locations among 13 provinces since the 1990s promote the long-distance migration of E. wvitis and

reinforce the gene flow among these geographically different populations.

Key Words: Empoasca vitis ( Gsthe) ; mtDNA CO I; genetic differentiation; gene flow

RHR /NG Empoasca vitis ( Gothe) SR T-2¢
¥ H (Hemiptera) M #%} ( Cicadellidae ) | /]y &5 -l
J& (Empoasca) ,) 1z 540 T3 E KA X, B TR,
A B ™ 1, HU2h o, By v e B2 O, J2 1 2 v
o FERENFE L, HAERAR /NG T ST
A KA 10%—15% , R A4y ik
50% LA 11 WRFEE AT FARR /NG A 42 >
PE MBS SE FE B AT BTG S AT TIRAR
5T R OG T H R RE 514 RN 23 (01 0 1
Fb AU RAPD-PCR $ AR 5 T 4% el /e i i
RSP T I BRI AR Al T %
AT L2 e ) AL i > B 45 25 XA AR P 2R 1
ZERNH, ZA PR i AN TR] , w] AT st A [5) e 341X 35
FORNRE A A5 5 5 — D7 T, AR HIR /N o o, e 55 1
B BAT—E 1) CATRE ), A7 U3 T AT F Bk
BR A7 M REIE A R R bl A B . AR X Rl iR
B HGA 2 Hb B R b R A= A AT R A A5 [
b3 DX SRR A R AE

BEH 731 R GL b B 9 R R O 1 BRag F AR B
ek Z2 3 0 B 731 RGEFIESE T, miDNA HA7 ™
MR R A%, AN A B BN 5 5 58 A8 IR
GUL AL AR PSR T 4 T o0 A S e )
Tl i) S Wl RN RE (19 3 AL RREE T €O T 3R 2R
LIRS BT EE A TR R e VA T - R D)
FIHARSS o B CO T i Ak 5 J2 H h 2ok 4 2R
H Gt FE R Y 3 A%, PR e 9 A X DR ST SR 8 1 43
Fhric ', BB T K 8 0 Dalbulus
maidis B 558 T M BR Aphrodes leafhoppers %5 Wi F
Wil 2R

HATEZLL CO 1 ZEN I ¢ 5 A7 1% %
FEPEWTSE . ASCH B Ry G B 13 > F =R
R A (5 1) 25 el R HIR /N i R 2 K2 A4 €O T 36
4K T8 38 2 i s A AT e L AR 7 A )

OMA IE BT 2R BRIt BRERLAR €O 1 HE
FAAEARSE B Z LT, BRI 51 08r 1 2%
Pl MR /e - ORI RE (1) 9 33 1 2R L8245 2 AL e
JE BRI Lo T S LA LR T Y 3
1L o o R o A 38 A P ) 52 i R G A 2 A
ARG R 1 B 7 ORI T Bl 3 46 R 3% L T ol
PR S5 SR XS A [l 38 DX Al AR R /) 2 - o 17 4
s Pt =%

1 #RFnrE

1.1 A

ARSI B8 it FH 2% el AR /N s i W 7 2011 48 10
H—2013 4£ 10 AR T ILARE & W R 76 JL4E
L VLRI 2 A sE 1 e S pu )i AR il R
PRA VTV ZE 05 Wiy 2R Wl K a3
T PHEEAR L pE B A 13 R R ST
BT PEIE LR 1, SRR SRR BUR T IoK
B TR T -20°C KIRAE
1.2 F:[H4] DNA AOHRE

IBUEAL S AR AR /NS i 8 AT 3 S R 1.5
mL B JC TR 0 BIF S R B R A, R Bl
AP L BGR T & (VW) | #e BRI 7] & 36 45 45
DRIEAT R ZH DNA 4250, MR DNA A i H
1 wL H Nanodrop 2000c ¥ #% ( Thermo Scientific 2y
) T 19% Sy O i P RS DU e B i | R [
ZH DNA fRfFT-20°C % H .
1.3 CO I FEHEKY 3751 E

HR A AR A CO T3[R P 3 0 A S X Bl
WIS A TV 1 Cco 1 HNEKFH (P 1
FEIELEE CO T FE R WA it ) M 3 51, 57 A 46 FE A
NADH Jii &0 B 0 2% 2 /93 40 )7 810, A & tRNA™ |
tRNA®* tRNA™" 3 A~ HH 3% B9 tRNA 7 415 37 5t fi 45
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T CO TRER KT I IRIR /NGt iy PRAR 8245 3 AL BT 5T 6881

F . coO I-F (IE [ 5] %) : 5'- AACAACAGC
TTTCTAGAAATTTGC-3', CO I-R (X M Bl ¥).5'-

TTCCATAGTTGGTGAAGAAGC-3', ¥ 44 Bt K i
2)°4 1773 bp,

R1 BRER/NEHEHIEBERHEREFR RS EHE

Table 1 Collecting data and number of assayed individuals of Empoasca vitis ( Gothe) in this study

R SR Hb AR AR SRR R] bR TR N
Population code Sampling location Geo-coordinates Collection date Number of individuals assayed
SDQD WARE S 36.28°N, 120.32°E 2013.1 12
HNXJHS TR PE LA 31.81°N, 115.81°E 2013.08 12
S8z, YL 3N 31.06°N, 120.37°E 2012.11 12
AHJTS LS L 30.97°N, 118.69°E 2012.07 18
HBYS WdbsE L 30.80°N, 115.78°E 2013.08 15
SCLS YR il 29.60°N, 103.55°E 2011.1 15
CcQYC EV 9l 29.38°N, 105.90°E 2012.11 11
IXWY TLVG 2SR 29.26°N, 117.85°E 2013.05 12
ZJLX WL 22% 29.12°N, 119.47°E 2011.1 17
HNCS W K> 28.18°N, 113.08°F 2012.11 12
FIWYS wEER AL 27.65°N, 117.96°E 2013.06 11
GXGL JRCEERN 25.29°N, 110.35°E 2013.06 12
YNMH =M 21.99°N, 100.42°F 2011.1 18

PCR V1R £ SARFN 25 wLl, & 2.0 pL A3
HZH DNA 7E A#E#, 2.5 pl 10xPCR Buffer ( Mg™*
plus), 2 pL dNTP,16 pL ddH,0,1 pL CO I-F,1 uL
CO I-R,0.5 pL Tag DNA R4, PCR §" 8 F2 )% .
94°C FiAF P 3 min, 94°C A5 P 30 s,52°C iR Kk 30 s,
72°CHEAH 2 min, 35 MER, F 5 72°C L 10 min,
PCR =) 2 kA I A A R T 3 38 )5, Z29E g 5
Je PR A BRA /T
1.4 FdEm 5500

P25 F 8 1) Chromas 3141321, 1] DNAMAN7.0
XA HEAT S, 2 BRI A9 32 7 510, ] Clustal
X 1.8 #AF AT 22 1550 [ IR He %, 4 LA TR AT
A T MEGAS. 1 B4 Hr i B s 500
S () 751 78 NCBL W3 1 384T BLAST HLXT, 8 22
HFRFEF, 1] MEGAS. 1 #4450 Mg L 20 i | 725 5+
7 o S B L EE A e L 5 2 F Kimura- 2-Parameter $5
RUTH AN (B B 5t A% 10 2 5 DABL B - Homalodisca
vitripennis CO [ J& K 4K FF 94 R AN, SR NJ 46
PR R R BN, REL B
BA5 B (bootstrap ) ¥ HE4T 1000 (R ELZ K'Y, R
FH NETWORKA4.6.1.2 FRA-22 i A% 754 [a] () 1 £k o 2%
FLST D FIR DnaSP5.0 B 43 13 ANFIEE N ) Bf
RZREVE Hd TR ZFEE Pi TR 22 7 %
ke, o TR A% R - 3 22 5 B Kooy | % R B L E

Dxy TAE LR Gst 5 188 REL Fst 55y Fiotfl
FRE R A G B g 1, oA SR AR 6 AR TE KT
HIHR )43 A, 3 AT Tajima’s D HPEERGERCY) R
H Arlequin 3 #A{4EETT AMOVA 47748 55404, 1 e
WG 54k 1 T2 B R P Y SRR s
GenALEx 6.41 HCHAG 50 R RE ] A4 1542 1 25 5 4t P i
TS (14 [ SR X B e 22 TR PR AR S

2 FERESH

2.1 ZRPABHRNSR I BERIAR CO 13 2 KPS

K sh e 1ot

Ao R T 2K I N 2 R A i O 3L P 81 7 3 25
Pel B AR /NG BRI CO 1 FER 2K 751, ol 1534
bpo ZHEREA S8R E B T, e — R
H T, MNEHERPTFE e, VF 228 H B A,
Bis 1 Homalodisca vitripennis ( GenBank K5,
NC _ 006899. 1) . F Mk & Wi Geisha distinctissima
( GenBank &35 :NC_012617.1) 22 L K2 21 3k RUK
W Paphnutius ruficeps ( GenBank % 5% . NC_021100.
1) 2 Rk CO 1 RFPIARTE L EEF(T)
VER I IS, SRR i 45 ) — 2, 16 13 M Fp
HE 176 DAL R AR fL L 113 A, A i K
(1 7.37% , b A 7 A B A8 G T 2R 1Y
7% (359,798,967, 1175, 1316, 1330, 1422) , A —
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ZBNLIE 40 A A B 73 A R R BUBRE G 43.68%, EMARFAR/ Wi R R fE2 7.01, HEAT
R ARG, MR 2 Al fETA IR, SURBL, W 2R 5 O R B A K o Z [ A% H R
i S R 87.61%  TAHA 15 12.39% , o Briie REON M, AR R 5 0 R B I 73 B ot 2
HOIRIENG (A) 5 S ERS (G) Z IR AR 7 AR ) BT IR o U LA B oy 222 AR R
9 30.8% , MUMENE (C) S M IREENE (T) Z A A Fee i ZRPE R/ NGR - WA N 2R A& CO T 2 DR R 2%
56.81% fEAFE IS, T e C WHLHI Ml ARSI LU 2 50k T AL,

F2 BREIR/NGRHE CO 1 EEREERER
Table 2 The basepair substitution of CO I gene in the Empoasca vitis ( Gothe)

BRE Basic group H%ﬂ%’% A ﬂ@ﬁ%ﬂ%ﬂﬁ T H@Wﬁ c L%ﬂ,%ﬂ% G
Adenine A Thymine T Cytosine C Guanine G
BRIZEMS A Adenine A — 2.74 0.82 11.4
g B RE T Thymine T 1.66 — 13.13 0.98
HIMEE C Cytosine C 1.66 43.68 — 0.98
SIS G Guanine G 19.4 2.74 0.82 —

WL HAF DnaSPS.0 Wl 4341 €O 1 &Ky WK (7.39%) ,Hap3 1 Hap26 ¥ 9 K (5.11%) , 7
G EERILE 1, INER AT LA 2], R0 A A 105 Fl AR5 v A5 84 Fh BAf5 1 ol B FhBRE BT A4
SRR BN A A, o 78 400 bp /2 ARMERAERL, RS R G R B (18 2, B
47,700 bp £ 800 bp Z[A], 1200 bp 11300 bp Z£47  {UBR KT 30% 198 (5 FE(E bootstrap ) I LA Hi , 7F
AL WAL AL BT 200 bp,900 bp Z247,1100 bp  JLANK 32 AR BE AR, i W] 3 26 B A% 74 2 [R] )
KAWGAEN D, AT WL, SRR 22R9E0N, ANRRIE AT SE 0 73 3, T4 Fh e (0 S
SRR TG A e T A B P S B i TS IR (8 o0 A B v, R T B 8 1) R e b B

BEEEERNGER, 2ERy . 3 RS MR AR /NGE i miDNA CO 1 3£ [H
ol 105 Fh B4 1Y ] Y AL 0 45 (8], 6 BT 4% M JHURP A 2R

TR oA 175 B0, LA R B R 22 ] ) AR G AR
MR — PR GBI, BeA ALY

8

s TE B BRLEAT mi 2 AR B A i A v A R TR 5 i, PR
4l P84 Hap71 (EREAL W0 2 00 e (7 8 i At L

Bl BB B R R A 0 2, ] 3 bl
LA 51, 5 MBI A0 Y435 00 TG T A O 2 o
ok - o - AP Eh 22 Bl S 0 ML 8l 72 B 2
USRI, W) B ] 77 26 3 L, SRR

B1 FIEREMSEFHEOST

Fig.1 Sliding window analysis of variable sites among all ﬁlj\ °©
sequences 2.3 R AR /NG i W AN [) b B R B 1) 352 4% 2 A
B SN 75 bp, MHARHE A 6 1/3 % AR Ve FREE ] B L DR 7 BB A A AT
22 IR CO 1R AR R G FMEE CO TN AR BT IR PR 4T 2
g Tajima’s D SPER ISR 2 Bk, MR, 13

TR 176 £ CO [ S K g ha v DFHER AR T B Z AR Hd 2 0.9720, R
T 105 Fh Bpfs A0 Hapl—Hap105, Ho Hap5 4t [B)AZ IR 2 FEPEFE B Pi Ry 0.00607 , FlHE N AZ R

2R JE TG R B 24 Wk T R Bk 2 FF PE A 0..00413—0. 00651 i [ A, F 3
13.64% , HLAHT R4 & 1 BT A . Hapl6 H 3R 13 0. 00546 , H: rp B Y 22 8 1 i e 4 A 2 A 222 X
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RPN 8 58 o\ TN B 2P
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B2 FAMGEEHENERR/NETEAEMIEME COI REREANRELER
Fig.2 Neighbor joining phylogenetic tree of haplotypes of different geographic populations of Empoasca vitis ( Gothe) based on CO I
gene sequence

FIL(FIWYS) , 1Ml = FE B ( YNMH) fe ik, #%1F iR
e SR e R AR AR R 3 501 A i e K TP (HNGS)
LA 1L (AHITS) o

XoF 5 A b FHL R R 1) 2% Pl MR /NS 1 CO 1 KR
4 K F 5 HE T Tajima’s D TP EERER (F3)

R A5 SR IIA 3, BRI P>0.10, WA 2% el
B AR /NS Pt R o ) 2 b 2o R R A0 PP P AR A
5 3t PR A E AL AR A T BRIk, EIAR
RAMBFFARXERRE

®3 BRERNEIHE CO I ERBREFE ZEHBRSFMESTT R Tajima’s D HEG 0

Table 3 CO I haplotype diversity, nucleotide diversity and Tajima’s D neutrality test in different geographic populations of Empoasca vitis

( Gothe)
s , B R 1
" BERZRNE BRI "
RIS - N B . LR RS 4
. AR Haplotype d Nucleotide e, o
Population . . R . Average number Tajima’s D Statistical
Haplotype iversity diversity . Lo
code (Hd) (Pi) of Nucleotide significance
! difference (k)
ZJIX Hapl—13 0.926 0.00541 8.294 1.30855 P> 0.10
YNMH Hap14—22 0.804 0.00437 6.699 0.3107 P > 0.10
SDQD Hap16,23—28 0.879 0.00497 7.62121 -1.15821 P> 0.10
SCLS Hap5,29—38 0.933 0.00614 9.419 -1.15821 P > 0.10
IXWY Hap5,39—47 0.955 0.00595 9.121 -1.1604 P> 0.10
JSSz Hap5,7,48—56 0.985 0.0065 9.985 -1.03223 P > 0.10
HNXJHS Hap5,16,52,57—62 0.939 0.00597 9.152 -1.05377 P> 0.10
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i g A , BH T
- AR R BATREREN " A -
FOBEALHS - e ~ ‘ LK R 6 B T
. BAfE Haplotype d Nucleotide o, ..
Population . . R . Average number Tajima’s D Statistical
Haplotype iversity diversity . Lo
code (Hd) (Pi) of Nucleotide significance
! difference (k)
HNCS Hap26,34,48—49 ,63—68 0.97 0.00651 9.985 -1.3644 P> 0.10
HBYS Hap5,16,69—78 0.962 0.00422 6.476 -0.92055 P> 0.10
GXGL Hap5,8,12,16,26,79—83 0.97 0.00582 8.924 -0.93822 P> 0.10
CQYC Hap5,26,43,84—90 0.945 0.00535 8.2 0.65308 P> 0.10
FIWYS Hap5,52,56,91—96 1 0.00556 8.533 -0.80342 P> 0.10
AHJTS Hap5,26,28,71,89,97—105 0.967 0.00413 6.333 -1.37285 P> 0.10
RBEAR Total Hapl—105 0.972 0.00607 9.311 -1.65533 0.10 > P > 0.05

H97 %
FIFEARAS B
= 7JLX = HNXJHS AHITS mm JSSZ mm CQYC
== SDQD mm HBYS YNMH mm HNCS
- JXWY = FJWYS SCLS = GXGL

3 105 # mtDNA CO 1 EF BERMFELMEXR
Fig.3 Median-joining network of 105 mtDNA CO I gene haplotypes
H1—H105 7R~ BA5 R 0 1% 11 PR 227 SRS R e it o L B AR 008, 2 €20 Bt T T AR 3R 45 R R A ) — SR 20 o 9T o % L 461
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FREEAR, B RSS2
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(7] et P AR 22 [R] 722 S 5 2 2H 910 0.59490 (5 5 22
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o3 Ak B H TR R, FE (]9 22 800

MAFZ T O, A5 A H B PR 2 R] ) 35 4% B8 A
0.0042—0.0088 Z[H], ¥ JH] Mantel AH 5G4 46 1155
PG [ 2Z TR A AH G 2240 r 9 -0.0697 (P =0.5373>
0.05,1000 Y FEHLAHALE) | 2R B 3% AN B 22 18] B A
2 AR OGBS [R) AR 2 8] it A% o AL R
Hh PP B A LR

3 e

[T & AT A 3R T /8 5T 25 el I W 2R b
o3P PRI A I S G A B RE R DN A i i
Empoasca flavescens ¥. JEASH L (RO HF | BN BE 7
TR AIZS /NG WA A 25 el A8 AR X AN [R] 5 DR 1
e AL 34020 7858 2% bl v B K SR B it Ak
ARG HEAT BTG , A HILAS B 3 EAREE AR B
PR St G AR A 25 B3R, 7R R A BEASE 5K
T A/ WA I AN [R] ) 46 T ) 36 il 7 A R4
PR A (] 22 52 K T AR 1R BRE ST B b )
255 TEFRIEWA T Al ERAR /N - WA RE 70 Ak
HIRIHESE SR RAPD 23 FHRic AR 1 17 K E
T A 03 1 2% AR MR /) S I 14 338 1 22 S5 e HC 2k 25
KR,

BTN MIAOC R, AR HLRLIK O 1
LA 51, 0 1] 3 7 28 48 1 1 2% el R TR /)
LR WA [ M BRI A9 382 A5 2 R BRI AR L |
N O O R i T E VA L

RGR BRI Z &, AHE L 48k i 45 e
WA A FR B ARAR IS e S o, A Tl R 9
10 Al B SRR AR /NG g HANAK Y
Z5 e A 99.999% LA -1 3 AN T Ar AR FE
S, ANBEE AL b 5 A 728 Ak T AR | ASBIF 5T Y AR
AR, B bR AR FE B[R] AL 2011 47 10 H =
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Fo RANEAEEA X BN YA 6 AR E
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B HR /NG - W 32 A T 45 o 255 el B35 v B9 15 49—
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FITAE Y b B B0 0 22 (8] A 77 78 B S B0 % I8 6 &R
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W IE (B B e 3 a4k 5 XN Sl e, HL AT — s
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PG PRI | i 25 AT H B R D ol R 45
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STl ) 338 £ T A N S0 AR L Y
Fst 517 A [7] iy B b fh 22 1A) 47 A6 — 22 B 10 3t A%
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