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B R /N - (Empoasca vitis ) J& 243 H (Hemiptera), M-} (Cicadellidae>
et ERX AR G REA MR E R, TG R 15% A4,
LA 50%. FTLL, Wifelg 245 a2 5 dUR i R R R . R H TR
ZMA R Z AT, B RIAJE 08— BARE L AN, FERTIRTIVER)
S ST TR A SHE AR 2 22 A R RIBTVa A R . S, AL G is B M1
BB BRI Z R AT R i3 s ST 70T AR S AN G0 B 2 B R AR T T A
FMPLMEE A (Cs-Cystatin, Cs-RIP) XFiZE B MEMEH; U MM 78 1
VESRBEREAFRUEFNZ JR LA S IT AOE R A RS ER S H%

Wt 4 RAoR:

(D JeasEic: RIS s AR el s ag o, Kl i s ot B
RS, BAR RO, WMimE i, FRRAEY, KRG, LSRR
o, B R T i A C R € o PR ST A o L B, MEME R = AR AR (O
WOo A ToE: RELTIRHR/ NG 285 rDNA 751, REUK B 7 iR H1%
Yok /N & Typhlocyba serrata (ISR % Rigilt. HAMEEFE T ITS2 J741,
I 7E GenBank Ht EEXTAR A Jy iR} B HUE ISR A

(2) MZEHE (Camellia sinensis) H 5e [ 2 it 2 IR £ 5 Il 400 1] 771) 32 K]

(Cs-Cystatin) FZHEA R IEE HFEA (Cs-RIP), Bi#E 3L 306 bp e, gwid 101
aa AR JE# 3L 1713 bp B2k, Zwfd 570 aa IEEFI T B EARSNRIE R
4t, RUI3RIEL Cs-Cystatin 1 Cs-RIP 2 H . I AER; FREE A I Py A it 2 H
MR R /N R W] Cs-RIP 2 2 MU AR 1 HAFIE 2, 1 Cs-Cystatin FIZCR A
IR . B HGREY) S KBRS Cs-RIP BRIk A RHR /N s i £
BRI ZUSC A Ik A R, I g s A 2 A e L BE B 28R SR AR A T VR AN
Pt IR I TR AR, 8 0 R AT WL T 46 IR I 5 . TR Cs-Cystain (1)
MY rh, RAKBUBCTERRA . DTFEs Reen CsRIP X R AR /N i B Ay
IR EE R, A2 B E T BV R R 1A

KRB BN, i ITS2; B2 B & A B 40 i 75

(Cs-Cystatin); #ZFEfARTEEH (Cs-RIP); FHEAEH



Abstract

Abstract

Empoasca vitis (Hemiptera, Cicadellidae) is a major insect pest threatening tea
production throughout China. E.vitis cause a decreased of 15% in tea yield, even up to
50%. Thus, study how to effectively control the pest is the research hotspot currently.
Nowadays, there are many studies about this species but the classification of this
species has been controversial. In addition, it is difficult to give consideration to
ecological safety and efficacy at the same time. Accordingly, the species were
redescribed by morphological and molecular identification technology in this paper.
The toxic effects from two kinds of tea plant proteins (Cs-Cystatin, Cs-RIP) on E.vitis
were investigated by molecular biology and tissue pathology technique. In order to
provide technological sustentation for developing a new control technology and
provide sample standards for related research work.

Result showed:

(1) Morphological description:

The whole body of E.vitis is green or yellow-green. There are no white spots in the
head and prothorax backboard. The forewing is yellowish green, the wing side is
transparent. The whole latter wing is transparent, the Wing veins is faint yellow. Foot
and body are the same color. The metathoracic tibia end is grey or brown. In The end
of the female abdomen with stylomere, Male with a triangular bone plate (Base flap) .
Molecular identification: We get the 28S rRNA sequence of E.vitis, phylogenetic
analysis showed that species has the closest relationship with Typhlocyba serrate. In
addition, we cloned 1TS2 sequence, and confirmed this is the first time to get this
sequence in Cicadellidae insects by sequence alignment.

(2) Cs-Cystatin and Cs-RIP gene was cloned from tea plant. Sequence of Cs-Cystatin
consisted of 306 bp, encoding a protein of 101 aa. The Cs-RIP gene consisted of 1713
bp, encoding a protein of 570 aa. We successfully obtained Cs-Cystatin and Cs-RIP
proteins by construction of vitro expression system. The results from feeding the
E.vitis with these two resistant proteines on the culture mixed, showed that Cs-RIP

significantly reduced the survival rate, but the Cs-Cystatin has no effects. Observation
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Abstract

by paraffin section showed that esophagus contained the E.vitis had feeding with
Cs-RIP on the culture mixed had obvious collapsed and the lumen totally occluded.
The fore- and mid-gut obviously shrinked, the villus broke down and fell into the
lumen; the flight muscle in the thorax also dissolved with the increase of the feeding
time. But no gastrointestinal lesions were found in the tissue sections feeding
Cs-Cystatin. The results suggested that Cs-RIP has significant toxic effects on E.vitis,

with potential application in pest control.

Keywords: Empoasca vitis; Taxonomy; ITS2; Cs-Cystatin; Cs-RIP; Toxicity
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1. BERDERHEETZENFROEE

B /et (Empoasca vitis) | AT E N X, JE#H (Hemiptera), W
i} (Cicadellidae). fRHR /MR R RO B — M B ZF dy, PEBR, &
FW R I AR =D AG ] 211 X R A, % RN B AR X RN TR, B T A H
I, ERENEFFR L. CREMY . RIS B ML A K i, 5 2
A AT 2, AR, B BE S A TR 6 H LA, B
FFEME; BEEHIAE 9 A TR 11 H A, EEKCE.

IR Ny A e RS B, Lr 5 i e 1 ROV A, 1K
RAME: 2 k%G, KR, BEEERK, IRESIERR: 3 iRIZEHR s
o, JFRAERKHEE, 4 BN HFRSIE, 5 B MRS e, KIBEEE 5
W, HREARTEIERL (B 1-1) 0 ABRHR /NG e A% S5 R D IR . EUEE 2E v
W, JF BAEmAE BN, MY A E R RO, R E R &, g
AP, PREN A LR, AR, EE R, X R
FEFRK (B 1-2), BHRNGRHI A2, TR X a5 e E, [EAME ST
B2k HA MEg. HE LA — S E R MR R A

P b KR T R IR /N S i B ve AR, (H DA A E & H AL
IR, BIaAERE LUK, B DA UKk 3 B DML R 250 He B, IF HAVDIER
FERAYHGERE T, R E, w2y lERsgm, HaEAHH07 IR
IR IR IS AT AR IR, TR I o B IR AN 8 ) 7 Y B AR A B TR
WRRF R, gl AR A EER R —.



B 1-1 fRER/NERH- AR 7 51
Fig.1-1 Empoasca vitis life cycle
(B[ H: http://baike.baidu.com/picview/1078837/1078837/0/
6391e903408de88b08fa93cf.html?fr=lemmatalbumindex=0&picindex=0)

A: B B:OPE; C: OF; D: 1@ddd; E: 2% d,; F5AESR

Fig.1-2 A: The damage of the Empoasca vitis on tea garden

B: Probing and feeding behavirors of the Empoasca vitis on tea leaves

2. ZFERHREEFEEE

80 4EAR, BtNGEit Az R4 20 FPTY, 2002 4E XS R A T RE L
el PAFAE R, A 4R, 0 R EIR Nk i - (Empoasca vitis), K
i ( Cicadella viridis), -1 ( Empoasca biguttula), ## ff I5 H-1# ( Deltocep halus
brunnescens), H: B HR /NG i b 24 ot 410 3 g 3z L4
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NG E (Empoasca) &2 H (Hemiptera) Mkl (Cicadellidae)
BRKI—N . Zats BRMESRE, 20X E R 6E 195 FAEYREE R R
o N e N &R AN SRR LR ARAEL, S AR S0 T S AR X E AT
PRI IERA R4 5E o TR BOBIE I8 B AR 9 B AL £ ERAMR RS, It A3 AE 42 7
SEB A KA TR B IR IE LR

I LA, S5 W st B K6 35 1 2 28 /D S P a2 R IR /I 2 P 3 — i)
B EA S, EARAL. 70-80 FAC, BHBUZL A LTI, GERMY
RHR/Nggr i (Empoasca pirisuga), J& 5 444 Empoasca vitis. {H PLJE 15 Fh 3L
Bk F1i6 2, Empoasca vitis, Empoasca pirisuga  (Matsuotra) ™!, Empoasca
aoescens (Fabricius) 1% #EASRTEAE

N T BB 2R 3 A T RO DR AR, O Hoo AT e B e 44, AR
ZHFRN A T RER TAE . B E RN Bk, A FE . 4RSS
PHZE. MLESE IR AR 7 MR, £ LA mdad, FARA I/ G-
Empoasca flavescens (Fabricius), A\ AAH AR S50 B 12 MR IR /N s i,
JH R /NG g, F 44 9 Empoasca vitis!®!

B 7T R G ARG B B R R, R ) 4 78 TR E Hh AR S L S AN
P, NATIIT U6 Ay Hcdfs R i ik B HR &S Poe 2 ] i 5% SR8 A% BE 2 < Jesse H,
de Le& (2006) X 3Easmti# (Homalodisca coagulata) FlEA i (Homalodisca
liturata) A COl, COIl R ITS2 fif 1 RGEHTFL, I HXS IS 1 ] DNA F54L
&R 2 DNA 2 510 | Dietrich  (2001) HK 9 35kb, 417 D2~D10
A2 5 IX 1) 28S rDNA o1 Bt ot 7233 H Hemiptera #4518t Membracoidea
FREERBRIRGNRE, HERFFRE MY B 2 P th i, B
fg (ARl Aetalionidae A1 EERL Membracidae)  #E - (- iR
Cicadellidae) U™ o #pf{= (2008) X iR} oy1 R G4 5 H R FU 1 —A
RGRALS, JEEAEEPNE XFIH 285 IDNA D2 #1 16S rDNA B[R 751X B, 4ié
50 M ASAERT M TV R} (Deltocephalinae) [2-# H (Hemiptera): iR}

(Cicadellidae) 119 NMEHEAT RS K & M5, Al LG Bl s Rl b ST
7T RGEW I REAR D, PRI 2 128, 16S. 28S. COI. COll
LR 1TS2W, fhgE, #hEeE (2007) FIA 16 S&BEHLSI M0 HILA . fEE.

TR mR s R WHIANLZREE 7 AR XA ERIR N SR iR RE T RAPD
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ST, KT R GRS AR AR R A R R S (AT ST AR /S
LI 2 [ i (RO A PR AE 43 KT AR AR T RS

X HIR /N s, NCBI Hids Eh A A 2R Hag 2012 4F B2 16S
rRNA S 511 COl SIS, A1 ] K2P WS oA NI fil ML 7 12
AN S FR R /N G i R LT 2 O 28R & DNA COI K40 T R G0 . 15
250N ABRHR /NG WA [ b PR B 1 MAAE SR h 4 SO R, BRI — BT AT
TP I FR s (BRI S v s 58] 267 P00 19 232 250G R LUk — AU B gl , 1 75 15
] I R B 5 B HR /NGRS
3. rDNAESTFEEPHMA

rDNA 2% RNA (R, 7505 Aok 4 e Yrph E) s, . rDNA —
RS X ANERE KX (NTS) #. # %X i 5S. 5.8S. 18S Fil 28SIDNA 41
Ji, Horp— AN Bt i 18S.5.8S A 28S rDNA K21 %, 724 — AN BT /& RNA.
P57 [A] B X 1ITSCinternal transcribed space), 43 #47F 18S #15.8S rDNACITS1)
Z [ LA 5.8S Al 28SIDNA 2 [8] (ITS2), ITS1 Ml ITS2 AF:AN ITS 741, #H
5.8 SRNA R F L AFEFE ITS TN . SRR X ETS £i2T 18S rDNA FEK L
A1 28S rDNA FE X Fijf

rRNA & X IR AR, g X LRy, o 18S rDNA | 28S rDNA
FE R 9K B % . 285 rDNA S 4 40 i i 6 14 28S rRNA (5
B, Oy AEYThae 2, B CAE MU B RIS LU AR Sy, T HAEAR P X
A 2 ANEAEX, &AW EEAKT R RS L E R/, T ik R 28S
rDNA R 7E4T LL R, BF98 7 IR (Elateridae) 73T R4k B < ZRM,

5.8S rDNA JE[H & R 5 By 7= /N, BB T R/RG=mid. 1m
ITS FI IGS A2 55 IDNA i #2, BHGHEZ R, & TIRHM o) R Gt
Foo ITS FP B2k bER DNA LR — ARG X 42k, B AR XS 8L, 18S rDNA
HEERLA RIS ITSASEEARKEGHE, WTU/ERN—MREZEN
SRR, IR TR JE P R AR AR e i O R T . 1DNA & H
32 A8 FH 40 i DNA 23 FhRic, BT rDNA EA BT f— R 514585 X A1
e IX 2R, BT LA TS DABETH O SF (I8 5140, AT AT LAY B AN [R] 4 o o o 7 S
M ARG X



2 RSN )
ITS
b
ETS 18s 5.8s8 28s IGS
c [ |
ITS1 1Ts2

& 1-3 rDNA 4514
Fig. 1-3 The structure of rDNA

4. EPYERY R RARH

HAE 19 Y], BH%2 A2 Kirby siigh, %A — Py aens kb B )
B HiEga®, EEFRNEASE -MHEY <A E e R e a®.
JE— R LR B T R B R R B AR P o TE R AR A 1 L B K [
B, VTR S S AR SRS, S AT R A S W, 2 R AR A 5
SRIGAS ., 2R B R T B R B 2 R D AAEAE M BRG], B
R, SR A HIR 2GR, AR 288 RIS,
P HE APUEEEEYRE, DAY DI EACH T YN R RHE — R 51
HEALAE R IR R — L84k B B K E T 7 B AE A 4 o R0 IR P 3 25
SXof 36 S AL M B O Lo 1t A S VR B B R AR T =
i P O T A R R RO ZE I IF (Arabidopsis
thaliana) A P A3 S0 A R R L RS g ik DR R AR B D R AR I, R PR B 5 1 2 bk
F (Myzus persicae) MR T, 3 78 73 156 B 4H i B o 2 Xof A 70 I 40 RS AR B2 1 £
FAPOL, A3 mT S 1 2 A B e 1 o A ek s RO RO UM LA
JCH T A oy, AT R R, S R E R, Sia ik
B R SURER, VP2 54 O T 40 B ] A0 R 5L R 2R 0A 1, X Se ik R 0 455
CRUE R R RTINS MBED R R 1 AN RO P R S e R

T P RSP (R A ARG P 1A 5 R 38 B2 = DR R R S AT LSS Re g 515
MR R RRBUERESE, LR R B RS R G . & TV R
4 254k S MDA B2 R 4= (Monochamus alternatus Hope) Ji H1 A8 Bt A 8 24 A 2,
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¥ % KB iF  (Macrosiphum euphorbiae ) )17 A 52 78 ZL #li  ( Lycopersicon
esculentum Mill) /7 SR 935 & T30 52 S EOLAET P 2800 5 IR /I
ZRIFIRIL RIVE AR G G4, e R R FT B % (Evarcha albaria). P
/NI (Mymaridae) 54 £ (B AR /NG s 0 3= s A 2R R0, A Re R LR B A
(FI 2R SRR TS B B B AL RE T B = AR B R AR A S rT DL B B R
B ORI S A . Bt 2 1 B AR S A B A RIE . A EE. LT B
RIS,

5. ¥PRAELEEERINHIF (Cystatin) &4

SR AT 1) 71 258 0 — S0 B 1 /KA I )V PR W SR AR R e TR
M, ESEYIRN, & AR R A, 2 R AR R R R R
AR R, A i B i T 73 1) 2 1 Bl A o 1 i A o R S PR PR 5 5 5
HETEREAR: deoh, R85 HE R o WA RAA IR AR S BT, 388 2 1 B R SR AL
AR, UL, R&SFUERHREARIFEEIT,

AR I A 2 3 ) 0 2 AT UK 22 IR E A B A7) Cserpind . 2Bt
AR E A BEIHF (cystatind, <@ & H A7 (metallo proteinase inhibitor)
IR &S R 5 B4 7 Caspartic protease inhibitors) 81, i 72 &5 ZE P 4 A rh H
I FH 380 ) R T o) ) 3 S 2 SR 1 T o R 2 I R £ 1 P A 1) 7
Hr/kFg (Oryzasativa). F2oK (Zeamays). %4 (Camellia sinensis) ZEAEYIT
- Jok 2R E A R R 4 K 44 e B . Mnica Pernas F AR SE (Castanea
mollissima) FIEE2H cystatin I 5 T JH X6 40 B R 20 B8 45 A o i 2 1 129,

2 It R 1 Rl A0 1) )R Sk k3 A o) 9 ) 0 U P AT B A o A —
o IR E ARG S B LR EENEDSEARN, WS (Vigna
unguiculata) FIFH¥, HEHHIE % (Cowpea weevil) Frier, ‘b2 EMtaE
W2 o G 58 S AL 0 o ORI R 705, B R 2 TR 0 o 41 o 7 AN B )
SR, TS AR A R R 2K, X AT RE A B OGS R AR ) R ) — oE
Bl . Hohn Broadway I8 783 BH , SE YRR B (Heliothis zea) A=A 15 (Pieris
rapae Linne) 7EBLE | 22 EBEHDHIR &G, 74 T Hid B R 5 )
ik 2 T,

6. ZHEARRTEER (Ribosome-inactivating proteins) f&4y



B Al

KA SR B 1 — SRS A Ak 5% 220 M DT 48] 2 11 o 5 KD
EAH, EHADME. PUREE. SIERESEZSMIOER. HERKRIR Stillmark
T 1988 £E M E R (Ricinus communis) HZHLH, IEdr 4 N EMEREY, MiEE
H A R 0B TR 200 B B R I T R SRR R A AE . BIH AT, AMTES
{E 18 Flp AR 122 AT HAEYI H AR E] T RIPs HI7EAERY, RIPs 1%
CRIAFITT LA =R TR, IR, 1 RUNSEEE S, HA RNAN-BE
G, H 40 % (Radix phytolaccae) Hi i 2 & (133, 11 843 78294 60 KD,
HAWFEE: AR BB, PIFEEZIM DL miER:. A BEH RNAN-HETH RS
e, BEER XEIMEL —REE R, HAWEESTEE, GebhE A BEdEAYH
M, GIERREEE A (ricind. [ 85 1T A BERRBEIESE A RNA N-BEFF RS
Ve, BEVIBRAZRE AR KL 10 37wl bR 45 4 I BRI IA R B, T HUAZ MR 5 &
AR F R 45 A, AT A S 400 i b 2 P9 5 A A % %0, TR A 4 3% B 9 7
P W, ANAEE K (Zea mays) AIKZE (Hordeum vulgare) Hi & BN,
HRE— %2 KEE, DLCTE LR & A AT AE & U I, 7K AR B 1 R
SR R (0 BB C-oR i A N-A 3 1 e 3 81 LU, TITAY RIPs A 3R A5E 1k
[36]

a) RIPs fEg 224

RIPs 3= S B PE I RNA N-FEE B 1 1 RNA KAl . RIPs /]
RF S AT AR VAR R VR R T EE rRNA 37 3ty (K BRI Bk K M, LR 15
PR RgE S, IWITHmHI 4 & AR M AT, RIPs B9 RNA KB 1 A
fi% & — K fif#2 28S rRNA 25 G4325-A4326 {7 2 [AI e — g5, 7 28S rRNA 1)
3" Rt NKZ 450 bp AT B, AT SHEM RAR, AREAR I, M A
5 B & e,

RIPs (&t N AJI, AT, % RIPs (UBFRETORD. JiAE. PR
W PUIR B SRR IR T ST . — ROk, T AL RIPs frag %2
bt 1 2405 RIPs 5, JREFTAE RN [ BE) RIPS i/ B B, sELASEAGHM; 1M
1AL RIPs () B 8 LA MRS &7 1, e S0k F A kg &, FT
RIPs 32 A\ 4,

b) XfBHKEEEHE:

Patrick F, Dowd £ LK K RIP JE R NMHELfG, R B4 35 DR AR 5006 oK
10
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