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PIPN

TOONN2 .NA9IN NN MDY NI MYNNNI DI DN DAy (Potyviruses) ooy v

mywnn ,(195n) Helper »an X5 YN NIASN ¥»ron 1Y M2 7y DIOIPPVIN YV NN
D200 PN PAD OV POPON P2 7V PYD WHRWN 19510 NN 2D N NINNIN

D»WYYTN NNaVNN OXNNY 9NN Zucchini Yellow Mosaic Virus (ZYMV) : 0oy 1»»man »y

97N YOI WY, DXDONNN NNAwHN DINNY 9N Turnip Mosaic Virus (TuMV) -
.DNOY DORPTNON NNV DIDTIIN NYY NI 20 7Y DIDIPPVIY HY NIV NPINOD NINIAY
MYNNNA (731290 7Y IN DY) ONNNN W) TUMV - ZYMV 5¢ nnayn »on mMRSHINND
MV Sy OMNMIN DN PA DTN DY DNPP DY OXTND NX ,NDY MMM HY ONY OON

-y Myzus persicae : noyn N2 .98 DIRPTNG NIV YY NN DN NN 1N DIRPTND
DIYMN NN N ZYMV Hw 195010 15N y1oa mdayn (a7 DORPTNS Nv) Aphis gossypii
NP OPP YY WAy MY RN (TUMV Hv) 0910700 01 0) TR (ZY MV HSv) o»nominn
VPO 1P2YN DN NINON PN NY DRI DYDY . TUMV 5w ypd ZY MV 5w 99500 nadn pa
99571 PNIAYN MYNNNA PAYNY BN YWY X, TUMV 5w 009 TUMV Sw 2950n naon
TuMV 5S¢ 93500 125N Pa NPy Tyn Dy wasn Nt ’snn ZYMV Sv onvm TUMV Sy
NIASN ONX NP PPN DY NALYHNN PNAIN YV IPON NX PNAY TN Yy ZYMV S 010y
ov navynn Naon Sv N -n Npn 9omMmn 12 ZY-TUNT nnonn » 1m0 01 19 19900
ZY- 510 0 HY n1ayn wax TUMV 5w 99500 navn . TUMV Sv 99n yopa ZYMV
995101 PAON DY MANN XY (ZYMV) R INND 011 SY 0P MY Tiva ndyn mindd 7y TUNT
N1ASN DY N75N2 ,NovVYNN NN HW N -N NXPN MANYN IR MNDM 10N MIRN . TuMV Sv
TuMV ym ZYMV yn mayn A. gossypii -y M. persicae nbyn mimdo  onomin 1990
mayn  Lipaphis erysimi -y Brevicoryne brassicae o>198nn nmdid JHND MDA

P2 NPT TN DY DINDY MYANn WX MIRHIN ZYMV mayn R g8 TUMV mowa

P 9957 OPOIMIPY IN D 190N DY N9 MIAN



DYXAMYNN NN 9 DY 02357997 DY TINDD NN NNNDN PTN IR 195NN NIAZN DY NPPTN NN

NYY NNNON PTN DIOPRNN DIIPITA NN NP HHN HY 0NN NLY .OIN DY NI
DM 9PVIP DNAYNA (embedded) DwPY PV Y2>0H NI DXPINA NNPIVIPN .INPIVIP

POYIN 9910 DN NP NI DIMIRNN (P7N) DPINPIVIPN DIMNIADNNN 91T PON ANy

N QNI .NIAON MY INXD DIV NN N DTN PN DY DY DIND DT .ANPVIPI

PN HN WPNNY NOIDN NN Y OON»NY R&R consensus  owa N»on N3 NN DY 1ININN
DOV IN DMYP DINMNKI DN 0”INP VP ©Madn .Chitin Binding Domain (CBD)
.0V R&R OO0 80D omMvy N vIpa

DONAON By DTIP YN Y5 O N NY L0191 NOY MPXNO1  Hemiptera nyT1on o¥pINa
ONONN NTIAYA 27 NINND WTPNY TNY N )20 .0NY DX TNHPNN 0NN JY IN DIINPVIP

CDNA 1190 1911 ,0779°012 02120NY D) TTAD 1IN DY ION DMNIATND YT DI NP
DOYNN MYSNNI N DPINPIVIP DINAON TN YT MYNNNA IPIoN M. persicae nn»on Hv
AWONNN N 7172 .PCR nyspNoa P70 Y D)2 DMWY DONID DIDINNNN DRI (Primers)
LDMPIPOVIP OMIAXN NYY NPYY X TTPNN MmN DNA o) qunna cDNA yraxy 12
572 oMsn WwN) RR-2 - »non prnd oo nwdw .R&R -0 201m X 195 ,05ynn nvnn
WN) RR-1 non 0 mpooip 002505 0901 MY 17N qON2 .(NM)HPPvIpa DXNOVP DN
R&R -1 2011 12 900 7PN AWR QO 1 T2 ,)0 19D .(NDIPPVIPA DIYIN) DTN D771 DMINND
-5 951N CDNA H»9¥7 Y2 .DMINK DYPINA DOWNDN P/NY DM G892 29 )PNRT IRIN TN

DNNWYN IWIN 1YY MO Y 09901 0»nn MpCPS5 -y MpCP2 ,MpCP1 : o»nay prn nwidy
oY NN HOPN OV PrYAN QNI OMPN OMNYN TN DTN TN MRNN INNRND /N 987 DY

DMN NYY MMM HY DXIDN DMV DN NYNN 17P2 TIND NIV 88N MpCPL prnn oM
(L. erysimi -y Aphis fabae ,Rhopalosiphum maidis ,B. brassicae ,A. gossypii) : wpT2
DMN NYY NI HY DD DMV DN NYIIXR 292 MPCP2 p7na NXD) VYN M NMVY
nxyny MpCP5 prna ,onmwyy (R, padi -y A. fabae |B. brassicae A .gossypii) : npTa

LA .goSSypil) : pTI DMN NYY NI HY DXADNN DXPNN NVITY 27P2 NP NN MNYN



(PN N DY NPRND IHANRD N 931 v qona (A, fabae -y B. brassicae
P7NNN N2 DNYM DNNYN OINRN DY ¥y N noap nvax ,MpCP5 -y MpCP2 ,MpCP1
2YN DMD51NN NOYN NN ’1PNI

D)2 .DONIVIN MNON NN M. persicae N1 DM 1T IWX RR-1 019vn prnd oo
T2 (472bp) TPON 91T PIVIN N3N JMPCP4 151 .090N N8I XY RR-2 919010 prnb

.(149bp -y 85bp) 1M ©NVP DMNIVIN MW RN gMPCP5 P2
»v nYapy Escherichia coli »p1na wvia mwn R&R -0 anxa 097230 prnd o) MY

NN OMPNAD DT NIONY PVIND WY YN 0aon .MpCP5 -y MpCP2  :prnin
9Y TN HY PN NPOY N TYUNNA WY ION DT
N5 NDY NINON PN MNND NINRND NYY) N0y MNN5 Hv prnd 0 CDNA 17115 qona

OXPINA PN NNND INMAY MNT> MVIVW Y NODIANN ,NOYN NMINNIN PN DY NN NOXY
DOTHIND MYNNINI OMNMY INNRD NYAP) ,P7ND NN DMNIASNN NI DY DM 0NN

LPOIANN NYY NNDIO DY PN T NTIAY NIINY DONIDN
795NN PASN OX N VItro NpdY DR N1NIAD WY POIARND 1YY NN ININY DINIAINN
739200 YN YI1AND (FTHH TN) NINIMIVPONI TNINDIPN D)2 DNTION INND PN OHNPPDION
1093511 NN DONAON YN NWP 1991 PNIYN MNDN 195NN 129NY overlay-n nv wa vwnn

Y09 VIV DN NP DY NNYP DY DTOYN T NPNA I95TN PNIAON T TN MYNNINID N
1INY (DY PAYNY YD INRY) VIV 90N PNADN VY NNPIID .NNMIONN MN¥NI DMION

DXPIN NN PN MR MNANT NN ,J0 MO .PNIYNN D9 DMN YN NPdT NININ XY 1Y P90

20N wy N5y B. brassicae 21750 nby N5 : ZYMV D ayn DYR TR 01 DAVNN
27190 1YY NN PYRN NN HN NPT RN XY ZY MV Sw Hya 1950 pavn .Bemisia tabaci
PN O ZYMV Sv 295100 PN120N DY mMNa0 NPT DY WIANN N XY¥DND .PAVN VY NHDIOM

ZY MV-5 2% MOPN NNV POIOND NDY NN

NIAYN 2D RO ,NDY MDD MY DIDIPPVID NIAYND OMIPINT M9 DY NOIPNRN MNNNN

PIND WPV DT XIN 95NN PNIATN YORIIN PIPOND NN PTN P2 7V =D WNRWN 95010

P25 ZY MV 5¥ nsvyn 11250 12 1Y Nipdt DPP JNII T NI NMID PNIY 7N DY .NnNoN



NNOYN N NPNA 95NN PIASN SV NPNN DR JNI 1YW MDD IIT JI9INI DOINPIVIP DINIAN

NOYN NN NN 02120N HX ZYMV S 03197 I NOLYNN PNADN P NPT NNMPNN XY

NN WYUND DT NSHDND DI IX 199N NIAON qOIN IWNRD P NIWIRNN 1 Nt M. persicae

99571 NN DY 12370 TWN (YYD NN NN DNPHRY) DNIAYND Y09 NPN .IWIN THNNN
5Y APNHNN MEMN 987 NP TNYY NPODNN DTN DTN 7PN 1M XY MY MY DN PN

oV TPTHN-YTN NTIOND NVOWIA YIDOY DY) Pr/AN NN DV AN N0 DTION PYND TN

ININY 130N MAON MDND DX PITH NN DN XONDY INNRY 7PN 17 1 7172 .(2D) oonadn
89 NYIP .ONYY INRN /N 98T NYIAPY WY 1ONX 00nd .ZY MV Sv 99501 125N N Nt

IVWANNN PN -3 DT PN 1IN YR M NNND NIWaN Mass-Spectrometry 5w 7972 90IRN /N

NN AWUNRND DT XNND .AYY NDD DY DMINPI0IP DMNAYN THD DMHNIDN DNITHIND MYSNNI O)

.19y MINMND HY DMINPIVIP DN2DND 199NN )I1ADN DY NN

99570 AN Y N99na NN Pasn Y N-n N¥PN YW 1PN NN 1t NPHaYa 019903
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M99 NPV .1

109NN YV 09199 .1.1

D725 D995 DPHY MNTN DI MINN ,MIAINM 93N PNNY 2112 DYN , 0NN HY DX
DYPIN HY INNON ,0NIPH DIV DIXNNSNY NP .MPI 19 O8Y : DINIPN DY PMNINa
YAYY DRI DT DHTHNNN PN . NOPNL 27 29 Yy MON DOWIN DIRPIND DNNYY

MY DM ,DNNY DAPINN DO YW VINN 1T .MHTIVHN NPV ,DXPIN : NOPND

OXPINN 9991 .o¥pIN Y AP (Arthropoda) DY) P19 NIWND DIIPNWNN DINVPN
N9 *91 o»arNNN (Hemiptera) DORWAWON NITOY ©I»NYN DY DNVPND DWHIYNN
mMam ,0oRvavan Pan (Watson & Roberts, 1939; Watson, 1940) ooxsmmy oyt

(Aphididae) NDyn MY NNAYNI DMINN DNNY DY DXDIP NIAYN ©XANYNN DNOPNN

PNDIAND TONN2 0NN DY DYDY NIIYND NP2 NN NOLPND MVHNYN NYYD MO
DYPINN ,DXNNNN : DXMNYNN DOXVYIN DN NVIDY P NNN DIMINI MNXNN INNONN
DYMIN P2 DHNRNT NNXN DY DYTIN NINN DN PN DN DY MNNND INNOND DX

DXNNNI D NN ,MNINKRD DNYA DI YW MY NN TIND NIVN N NONND ,PIND
(English et al., 1996) 00370 DNNY HY MOIYNI 0T D) NPT THID NN OINNNN DIV’
TONNNN NNNN NN TN Dapna THnnn 0N .(Baulcombe, 1996) 0¥oNI 0 100
DYDY 01N DN DY NPNYNN TONN DX D0 DIMONNN DRI DMNIAON NMYNNINI

DYIN YV NN 210N IPPANY o1 195010 PNaon (Potyviruses) DXOYPPLIAN NXIAPN
(PTGS) Sv 1nvna Dy (Suppressor) NOTHD D) NONN NI DY MDD Y

.(Voinnet et al., 1999; Kasschau & Carrington, 1998) Posttranscriptional gene silencing
D2ANNN DXODYPPVID DY NIAYNN MDY AR OOYNPN ONIND TSI NPOW N NTAY
AP MDD NPPOI MIPNRNNN L)Y .NOY MINAND DY DMV DN Y NN NIAYNA
022999191 DIINN NN PaY AHYN NNND =NVPNN PAY MYPRIVIIND MANA NID NNPNY

SININN PIPINN NX 2599110 NAVYNN PAIN 9957 N AN 1NN PPYNNA



+ 0NN 0019 HY NIIYH MM .1.2

0PN ,DIPA YN NPNR NNS DX NYIIND YN DXNNYY DO DY NHaYND ,¥ava
M7 DI NPATND DIRNNDN NI’ YN NIRY ORPTND NNY 0N DY NIYND OINRNN

NAON NHAYN :DXPIN 7Y DO DY NIAYN MM YDV 1NTNHN .OND DIINRNNN 122D
nonn .(Persistent) nmann nvaym (Semi-persistent) nmnn >80 N9ayn (Non-persistent)
PIND MY DN DYDY WATIN YT TYUN cDYIPYY DIMAND NVIYYD DNNNA NNV

npATNY wAN Yt UM (Retention) pann qna oy »mMn Y mnwn iy un (Acquisition)

990N ,TIIN NN DN NYIID WINTH 19T TYN 0 Prnn oo M2 .(Inoculation) nnsn
PINN DI5NNA (DD 190N I7T2) NVIVY NAPNA TN ¥ 19N INND .INY GN DINOYD) MYV
TUNA OXNNXD DYPIN DY NIAYN IVIND ,PATINND PINT .OYIIN DY 192YD TIWIAND ION PTY
GN2 OXIINN GR DXTHRNNN DXOIMNN PON L(OWIN DT TIIX INX OIMN) PN NMHPN 1))
DXPNRNN DOV 0N GX DXTPYDY MYV TY MPT NN NPT WITNTH Y3N P19 .pINN
Y NY2YN DMIVANND 1YY MDD DY DXTTA DM P PINN DN PA NAT NHNRND NHMOPNN
NPATN =) NNN ,D2AOUNN TNX D3 NAOIN NIYNL ,NTHNN NIAYN NN D>TIND IOX DOYM
NP KPP NI DHDNON DY 19N 19X DYPIN IV 12 YA TWN .AMY 20 Ty 10 INP2 I8P NN
NAPN NP KXY .MPT TY MNAD NIV 15 D) NP NI NPATNY WINTH YAT TV NyWd Ty MpT
YPAYND DNON DIPIN NYIDT INRD N PIND DYYNOY 10,010 DYDY INND MOUILY
oV D17 DN DT ,PINT DITIN P2 NI NHIRNN MY DXA0IN DIDIMI .DWTN DINNND
VAR P9, NTHNN OXN NN DIAWINN DIO1INA DN DD PIAYND DXINDNN NDY MNND
THNN NP 1D PN NI ION TR TYIND XN DI NPATHY IN DN DYDY WINTH
NN DXNIN DOPN NTHNN XN NIAYND DI DIDI NV NPPIN 217 19 HY W O
YN DYOYIN NYIP NN NIIYND 1T PIND N2 DX2INN DN PINA OYNN NNIIN

D012 DPPNNY 29D INNTPA PRI PIND DY NN r9)2 DXINT) DINN DX YY) DX TNINN

.(Watson & Roberts, 1939; Sylvester, 1954; Raccah et al., 2001) o095



$I9Y NI 97Y BAYIN DYDY HY N3N NNIINAD HY NNPHY MNTY .1.2.1

NN GN 92Y2) PINN DX DN P2 NI NPNAD NNMPNN NN NI2YN D NTIYN Hwa
NIYINNDN 7NANYN VNI =D NININND NN NYNRID : T DTN JDIND ONNON MWL WHnwnD

M%9N PON DN DXMAD DNPIIN TUNRD ,DXNIIN IR DWMNN DXNNKNN DXOIIN NN NN
95 np»pnn Nov 7o (Taylor & Robertson, 1974) nnon v Stylet -tip p1nn nNsp Hv

NYIDIN NN YR 799V PIVIYD NINAINND NNION MWD NNONA .NIAYN TONNI NPINID

DMV D257 DMIMANN YA D3TI9) D¥IHNN NYW DN DIIN DY NPATHN NI
: DT DTN DN VN ONINN MNVY 1ann 015 .(Gamez & Watson, 1964; Harris, 1977)

D>P2YNN DXHNDN DXPH DINOP : DMNMY DOXOIPY PAYND DN MITI) NOYN MDD 1N
DINN DN DT DNDIYY ,ANT DPRPTND NNV DIDIOND WN DN 1177 ,0°17 DOYM

I8 ORPTND NNV DXOIINRN 7T DX DN D95 DXPAYN DIRY IN DINID DI01 ) D1V

.(Raccah et al., 1985; Wang et al., 1998)

:(Potyviruses) ov19%’vian N¥Hay .1.3

SV DXOIMN NP NN DNNN DO PPVIdN ,Potyviridae -N NNavns 0o»nwn DIOPPVIS
DXNNY HY aNT NNV DXWNND DY DXDIPYPDIY 180 -1 NOYND DIWNT .INYI NDITHIN DINNY

DXINND OYOYPYPLIS .(Brunt, 1992; Shukla et al., 1994) mmw nHvIA MNOWNN DIRPTND
11-15nm 5w 0y 680-900nm Sv TIN2 ,IX YOIN MIAN Y2 DX DM PPN
NAN NN 1YY MNNS vy 0MaYn O;PYYS (Dougherty & Carrington,1988)

.(Shukla et al., 1994) oy132 o2y 9x 0PI ,(Nonpersistent)
$IMNANY DIMHPVIDN 0 Nan .1.3.1

Polycistronic mnnn 10,000 bp -5 5v 5112 +ssRNA 5w nnx n9pHmnn »»a prpdnn
T2 PIN-17Y oy ONMN RNA -0 .(Dougherty & Carrington, 1988) mRNA

0YPYPVIYY DN 340-368 kDa bw 5711 (polyprotein)



Viral Protein genome (VPg) naonn »>0ionp avpa »oxmn RNA -0 OX 92nn 5' nspa
.(Siaw et al., 1985; Plochocka et al., 1996; Murphy et al., 1996) ,linked

$)25NN -39 7%y .1.3.2

NPONI MINVIND YIZY NMYSNND PINNDY DNIND TONNA PNADNN-2T TIDY DY) DIOIPPVIA
NYNN-11 919y POn (Riechmann et al., 1992) Nla -y HC-Pro, P1 :y25n-172 nymsnn
DY2)1NPNY TPNINKRD N DTV DN D1y N> Noya Nla 1INV : 1’01 NHINL ININN
,D - E 0Inxa 510y ysann [ )IYRY 25W3a - NIAONN 290 WO MY DY YDDD1pN NNPIN
9199y NN .(Dougherty & Carrington, 1988) ,F -y C ,B ,A 0nNa 919y y¥ann Twnna

NN N 8N 297 INNRD ,MRVIION NN VPg -0 pa Nla pavnn 7ina »nsn L,V qon
YPONN D1DOYNN IRXIND .TOPON NN IDINYI MDY DXINKD DINND NNND N3N NINYN

-n Sv ynv (Dougherty & Parks, 1991) VPg ynadnn (m"pomnn phna pa) 29nnwn
NN MYNNI NT 212 NN MYNON NP8V ,RNA -N H¥ D8P Ha5 >n1on Nla padnnn VPg

m>ya N5 Yya »n ,P1 pavnn .(Carrington et al., 1993) 0119 nmdvp ,VPg b yminw
TN NNN DY HODINANPN NNPA . NIATNN DY IDP012IPN NP MINY D12V NYNIND NIRVIIND

919y .(Verchot et al., 1992) chymotrypsin-like serine proteinase NDONN MOLINVINY
.(Verchot & Carrington, 1995) 9y n»20padNy 'n1507 HC-Pro av P1 pa»vidixona
NI25NY YHPDD129PN NXPA I990N P2 MINY D19y MINRVISD ) wovn ,(HC-Pro) 195nn ynavn
MN .PAYNN-17 YW DNINN ToNNa y¥ann 9120 .Gly-Gly nvynxn msmnn >snv pa P3
oy Papain-like proteinase Nonn XM "2°0229pN0 N¥Pa N HC-Pro pavna mirvnan

.(Verchot et al., 1991; Carrington & Dougherty, 1988) 170 0I1p0n2 PRODN HY MY
:DY0YPVIDN DY BINAINN .1.3.3

-5191) (P3) »wbdwn 53-56kDa o1y (HC-Pro) »wn ,31kDa -5 o710 (P1) pwnan pasnn
10010 291 N2on »n (CI) >wnnn ,6kDa omiv yop pavn »n (6K1) >wan 40kDa

Y997 125N NN OWawn ,6kDa -5 15710 (6K2) 901 yop Navn »wwn 71kDa -5 197 v99n



,(VPg »»npwn 1naonn any g 9own wnon), 49kDa -5 1w ( Nla ) ‘a’ »»yyn nonn
27021290 N8P PINKRD ,58kDa -5 1970w (NIb) ‘b’ »»¥7)N 730NN 293913 125N NXIN MWWNN
O IMN NY 0P RNA -1 S 7100 aMmnn » 18 »wn 30kDa ywomiw CP navynn adn XN

144 - 205bp ya v 1npn 8N MND HW 10X (NCR) Non Coding Region 01190 0NY
79002 DNYY DY DINNN DNNY DX 239N DIXNNY PITR DXDIDI2 PYY 5 N¥PIV IMMND

DN HY DNIM MIPIYAIL oMaANYn Yy N 13T (Shukla et al, 1991) ooym
Enhancer -5 7pann 3 anx »d nxd TEV oyma (Lain et al., 1988; Turpen., 1989)

3 N8P TNPn nvan MmN (Carrington & Freed, 1990) »nadnn-19 v onnn niaxnd
MNP 2NYHN DT INNX LD 19002 .DMINY DIDIPPVIY 217P2 DIDIDAN 98I DTN MINYN

.(Dolja & Carrington, 1992) oownn D>1n 1Y (RARp) NN INPIWIIN DN HN
(Rodriguez-Cerezo & Shaw, 1991) miNop) 291 NN PION DT INN DY NPV MDD
PINYYN MOUPLYY OMD0 RARp 2 OpOamipn nPY Mup 57 N¥pa THPN dNYIN IMINND

(Gallie, 2001) onann My NN NIWanND NS Eif4F

Nla
P1 HC-Pro AB C D = -
S R R B S A
VPg Q— Pl | HC-Pro | P3 CI Nla NIb CP )—poly (A)
6K1 6K2 VPg | Pro

J019%0190 92590 .1 9901 NN
NYIDY MYNNNI NIAYN-190 DY TIDdYN TPONNI DXDIPPVINT DINIATNN TTO NN NPNNN YYD NNYOD

.(Riechmann et al., 1992; Urcuqui-Inchima et al., 2001) NIa-yHC-Pro, P1 :mmxvyon

: 0201990192 DIMNAYNN PPon .1.3.4

27 ym (Verchot et al., 1991) »5705129p0 N¥Pa M8y 191D LYY wnwn P1 padnn
HC-Pro omadnn oy 1na (Verchot & Carrington, 1995) »ox910 D10 DY mdsprayvonNa
Helper Component (HC-Pro) pavnb .(Atreya et al., 1992; Klein et al., 1994) P3 -

INDLIAD WHWN NN :(Maia et al., 1996) ©17n Yv 0»Nn MNNa 017 D PPan Proteinase



My YN YW NHavNY *n1oM (Maia et al., 1996) Y5 05129pn N¥Pa PNIYN-2710 XY D1ovya
(Lecog & ,nnxa 09090 Mvraa 27yn 8N ; (Kassanis & Govier, 1971a, 1971b) nin»d
7NN PN 01 (Maia et al.,1996; Merits et al., 1998) ,mxpv97a Pitrat, 1985)
15N .(Kasschau & Carrington, 1998; Voinnet et al., 1999) 0>t 009 npnwnb >snnsn
Coat mnovynn 29Ny .(Kasschau et al., 2003) nnsa Npnwnn 79NN 51032 37N 19971
;(Dougherty & Carrington, 1988) 'onn RNA -0 novy : o>mpon 19on Protein (CP)
DN YV NIV NPN PPN Yy ;(Rojas et al.,1997) nnxa 011N HW Nynna 17N XN
995101 PAON DY PIPRIVIN INNY ,(Govier & Kassanis, 1974b) ndyn M5 myynNa
T2 ,NN 2990 DIMWN IPHINRN NNPN YDPD22IPN N¥PN Novynn Nadna .(Pirone, 1991)
P2 NYNNA 2NYN ,N5N0 IMN .(Shukla et al., 1988) Navnn NY AKX ANV 210N INNIY
P2 DN F2YNA DXNMYN )DONPM MPNIRN N¥PN .(Dolja et al., 1994) vy»mn Yv DoxN
DYNNN YV NNOYNYINI 72VN ,CI Pavnn .(Dolja et al., 1995) NY>wn NHPI TIT NHXN AN
»vnn (Lain et al., 1990; Eagles et al.,1994) ixpon RNA Sv m»ys Syay oowvmn
CIn2a5n 58 Merpa amynd noxnn CL paonn Sv N -0 nepn ORI RNA -1 S 8597
amyn CI -n yavn (Lopez et al., 2001) Yeast two-hybrid system 5S¢ n59yna oMNX
.(Baunoch et al., 1991; Carrington et al., 1998) vy»"n Yv XNO NXNH NYNPNN N9
INNY %N N M1 ; (pinwheel) Nawaw Hv NN1¥1 DN Y9N DINYY DIMANINN DIDIPPVID
"YW SV NN N 9% .(Lain et al., 1990) nnoda1vrxa novynn 1250 S CInadvn dv Nwp
(3A - 2B) 005N 025N NV SN 17 1PNT H¥ad R¥m 6K2 - 6K1 : 0»vpn 0oaonn

N 7900 0o 6K2 -1 6K1 oomavnn .(King et al., 1991) Picornavirus 00110 N3P0
SV TINPIATN PITI PNIYI WNLIY TN DY NNIANHNN DX DNYIPI ,MYMONN ,NPNNTITN NN

-1 NN TPPNHND TSN : 0ORIN NwN 2579 Nla pavnn (Restrepo et al., 1994) RNA -n
-1 YW 5 NXPY VNP WPI VP nadonn .minved nunwvn noromaipn nsnnm VPg

(071N mRNA -0 >»no 2172 n¥nn 5 CAP -5 9onn wnwn XN 2D 1) Ox N RNA



VPg 15 115,719 291 o n RNA -0 5y nnim 2oya 80 VP 1nadnn Sv »ionn yppan
72y ,VPg y25nn .(Shahabuddin et al., 1988) nnxa oy mn Sv dspwena 27wn
.(Leonard et al., 2000; Schaad et al., 2000) >XpT39N0 NNXN YV DMNIYN DY MIPRIVIN
TNVDYD NPATN IVANRD NN DY) IRPTNAD NPPXIDN DY MY avwn VPg -n pa nrsvmn
NIb y25nn .(Nicolas et al., 1997, Rajamaki & Valkonen, 1999, Schaad et al., 1997)
NIb 25N 0 DOV HY PXPIYAT MIAONY OMNTIMIN DX Do) Replicase -5 wnown

.(Domier et al.,1987) py1a 12080

1 N9Y 115939 MYNNN 020192019 bW nvayn .14

AN NMNNA NOY MMM MYNNNI DY) DXNNN DI ,D0XD1PPVIAN NNIAPN OXOIM

NN AURD ;MY 45 2)3Y 925 HNN DXDIPPVIN DY NIIYN PINND TN IPNNT DY INYNY
npatn oy (PVC, PAMV) D> ay XY 0Y0Y71) aynd 1m0 ) Tivw 010221 (1961) Kassanis
& Govier WXIN AN NN ONY 10 -5 P (PVA, PVY ) 0 ay 0017”2 1003 12 Nnsn
Y NN Y NI NOVPN .OIMN NIIYN NN NIYARD XD DPNN OMPINA N3N »d, Kassanis
N YN 1PAYND DNON N> ,I23Y NI YA YNIN NN Y P PINNRD) DN DY PIY ya
PN N N ,72Y RO DN NI PINRD) PIAYN DN NI — TNR NI P NNPPNN
nywno ©oa Ny (Kassanis & Govier, 1971a, 1971b) nnn Yv 7190 9702 NHayn Yapd
SV PP NI0N MITY .NI2YNN OPPO VNN 1PN TADN G0N 7O DY INNYDM I172
YNIDY DI MPID INDXN OMIPIND OMNX TYNRDI DNV 190N NIAYI NYAPNN qONN 7O
INND DAPNNN POYN DINN NN DD TWND YD NZHNN NION DMDNA NI DY ¥ DN
N22PNN DXPNN ONPI NDMINN ,MITNN NN DX NXXI2 NNXD NIRNYNA YN NNY HMN NI
"o (Govier & Kassanis,1974a, 1974b) ymin nnxnm 5mnn S¥ 1NN INND P N7ayn
VI NNXNN WINN (11PN TI0) GON VN 7D DY ININYDIN 1272 NIYYNN NN YYIN M
NoYN MY ,DXD1PPVITIY MPDNY WM ININD .1MNNI 7Y DIPIN DY NI12YN TONN YO

M0 NOPNY qUN # (Component) - 2537 7 1INT-12 IN AN DTPID PIPY DN W11 MN



- 9957 DWA NN ,NT 725977 .1YY NN MYSNHNI DIIN DY NI2YNY YNIONN PN 2290910 DY
W DY 12597 3 NN 0NN NN ¥»oY mh HSwa (HC) Helper Component
D12 VIOV S TYNNA NYAPNN 1PN 223090 DY 1IN NN YINIIN DINN Y THIPNN NN
Monn ,PVY -2 oowmn oonnen 100-200kDa 5@ 51102 padn 5w y1ima 9waN id8u99
VIS YTHID 12NV YT MYN¥NINA D70 NAdND nypwn .PVY Sv 00119 nnaynd y»o [ 171ann
99510 PIAON OV IMDY DY WAV XD PN THD PNV ITHN TTNND .NNAYNN NI
NN NOYD PN TN 990N NN O onHna wimw (Govier et al., 1977) nhayna
DN 7Y TTIPN 95NN PIADNY T NN . JPIMNN PON N1N 95NN PNIADN D MIVOND
oy NP>12 .PVY, TVMYV : 00w 001710 9957 71250 %Y DY Try172 9INRD NIYINNN IIONRIIN
DOMNIAONN DY DNPHRY TI,NTN NT TPNIID DT DMNIASNN NV XD NNNIN DNPNID DNITHIN
971 3 ¥ap) ANy MINN MMaya (Thornbury & Pirone, 1983) nnxnn 51 0y 100 XN

99571 "MM1YN ) ,NNNRNNA 58 kDa -1 53 kDa -5 830 TVMV -y PVY 5w 99500 »maon

7991 .(Thornbury & Hellman, 1985) ,100-150kDa 95>70 W 919>7 YW 2¥1H2 N72yN2 DY

DYVPVI DY ONPIM NIIYNL YHDY D1 TAR DIPPVIAN IADN MNIADN YD ININ DMIPHN

MADN D NN DMV DXDIPPDIAN MND P2 NP NNOPY MITVIRD NN NYYN 1T DT NN

nNHayNa Yo 0) WMV2 Svw 009 nnayna y»od ondody qona 0o WMV2 Hvw 9950
MASN I NN NIPNA D TAN P2 PI O DO ©IMYD NNy oy . TuMV Sv o)y
.(Sako & Ogata, 1981a, 1981b) WMV2 Sv 00319 n1ayno w»o XY TuMV S 1950

.(Lecog& Pitrat, 1985) ZYMYV -y PRSV Sv 029 n1ayn w»o WMV2 v 1957 »maon
1 DINVN PTIPAM DIDIVINa Helper ¥9on pavn Hvw imnon .1.4.1

-y Potyviruses ,00y1 MNP dNYH  STIND  PARND N (195N) NIAYNY YD Naon

YMINPPVIdN 9NN PADN DY M7 MTIAY WY OPN TN 70 -N MY OWRIN .Caulimoviruses

DYIMN DY 172N Y»OY INDIDND qONA |29 OXPPIN NN I9DNN PNIAVND 1D ININ YN MY
2y2 NIN 9701290 NP PATN-271)3 2NNY DI1DYA IRVITD WNRYN XN ,NDY NMNID NMYNNNI

NN OIMIN HY XNY NNHD DYNNA 2D NNNI 0N DY DYNND MNNIA NDITY NMdWYN

10



DYONPPVIY DNIAYN DY NDwa 199NN NN .(Baunoch et al., 1990; Maia et al., 1996)
nynn (Andrejeva et al., 1999) >sp199n Nnsn S8 Nnxnna 17wn VPg - CP . odsom
NN N8N 9971 29N2 .(Cronin et al., 1995; Rojas et al., 1997) nnxa oypnm onNd
YAV .NNPXI DN DY DMVION NPXIYA ANMYNPN FRNK »wnx /N nyaIx b qy7 5onn
N QYT DX D210 R¥ND) DN DY T Y ,0UOMN 01 M0 »¥nn ZYMV Hw 72 yi) 7m2
NP2 n NPy msvm NPy (Lecoq & Pitrat, 1984) 23500 nadna FINK ywnxn
872 PIRNIVN (1) wnx 'na PIx (R) wnrn /N v nnadnnd ZYMV Hv »2>0parn
oo NN FINK 9370 nx 9on HC -0 padn ya ZYMV oy ndap navan FRNK
-3 199 PPan 799NN Pavny .(Gal-On & Raccah, 2000) 920 y2 772w mY NmTa oOwoNn
D»NNPNN NINND MMM MV (PTGS) Posttranscriptional gene silencing -5 suppressor

.(Voinnet et al., 1999; Kasschau & Carrington, 1998; Llave et al., 2000) ©>1% D) NpPNWNY

DY 27 YN 0N PTY L9900 PNAON DY MY AINKD APNN DY MY 30 -n NOYND INKD 0D
DYMN HY MAINNN 22A5W DXANYNN 11DI0NN) NNXNN DNIASN DY 1DPWA INDIY Y9N 71320
NAYNN TN DY SPON YT 920NN NINT DY THY .AYYN MDD M7y DN DY NIy NHNNa
MY DYDYPPVID DY NI2YND NPOIY I NTIAY NN .ONWN PTPINI DX2ANVNN OIXNNY DIINN)
SN MONMNN TIN N92YN YNNI 999NN PNIADN YW IMIANYNI DY IPO¥a WXTH DVIN ,NDY Mo

DYDYV DY NIAYNA DXANYHN ND2ION DY DNAON DMINI DMIADN DNIN

$NYYN MM 7Y NHAYNA DXANYNN 995NN PaAYNA DIV OIINN .1.4.2

MY DYIMN DY 1NN PONINA DXAMYNN ,I90NN PNIAYNA DXNNY DINN MDY MND DN
00PN N2 NN (Lys-Ile-Thr-Cys) KITC 2mwn anxn XN NURID : 1oy mMndd
(Desbiez& Lecoq, 2004; Thornbury et al., 1990) WMV -y ZYMV -2 KLSC -5 w91 &
ZYMV -2 mwxao Nt ,(Pro-Thr-Lys) PTK XN /N gy XN v InNRD .DNRNNA
TNNYN NN MIANYN JPON 1PV IPOY IWR NNTIYNI MNP MNaya .(Huet et al., 1994)
N NaoNN PAK -5 1wy PTK-mnvn 9nXa InTIP) 7178010 % R¥M )1 N DX Mwpa PTK

MY DN NN YOO 95NN PNIAYN DY NN nyna (A)Ala wnx 'n -2 (T)Thr wnx
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NPIVIN T THPNTIPI NPIVIN YD NN ,INY NINNND DAY .(Huet et al., 1994) ndy mnnd
99511 PIAON DY INDID AN PMYNYH MNNN IN PVIDND MNN ,NT INNI MODN NPNNPI

79571 Sw PTK-n anxw 07,005 S1pnn Y1mnn .(Peng et al., 1998) 02 YN qwprnd
79501 NaoNa KLSC 7 KITC -n Aanx S¥ ymawn .navynn Naon Sv N -n N8pn YR P
;720 0 DXVIVID DY MY IR MYNNNI NN ,DXNY DIDIPPVId DY NIIYNI MIANYNI
DoPY,Iva KITC mmwn anxa nmpmnn (E) Glu -2 (K) Lys wnxn 'n nabnmin ona
1w nN9oNn (Grumet et al., 1992) ZYMV oy 2 KLSC w (Thornbury et al., 1990) omw
WP N9 NYI9 &Y TN, (Thornbury et al., 1990) nHayna y»ob 1950N HY N1 DY
.35 2 yon mmn nrA (Peng et al., 1998; Blanc et al., 1998) 019110 Hx

YPNID MWYNI JTINT VIDY MYNNANI TINIOPIN PPN 198 , TEV o »prpdn
M. 1950 HSY DAYOPRNN DIPITA DMXND DN IYND 2N PDIDNN MMV YT DTND
N NAYMIN N2 TONTIPY PNV YA 195N NadN (Taylor & Robertson, 1974) persicae

,N9Y MDD MYNNNA 07 N1ayn 1IWaR XD KITC anna K wnxn 'n 01pna E wnxn
NPT INRD NNION PTNIAY D»DNAN DIXNIND DI 199N OPOIMPN NN MM 71PN JN) XN
.(Ammar et al., 1994; Blanc et al., 1998) n°)170PYX NPNPOIIPIRI NN YW PTN YINN
D9 INND) ND AWUND ,Nvapnn nnon N Mwpa KITC 9nxn DY ymamynd nson nnom
W ELSC) ooy (KITC w KLSC) nhayna ©o5oya 93510 »aon Sy oncioa 0Yo7an
(Blanc et al., 1998; 1919%170% S NN Y7y DYNPNN DM PPON YN Wwprnb (EITC
NIYNN M WX MO N (1996) »12Im Wang bw onmaya .Peng et al., 1998)

125

NASM O OPLOMPN D NINN (1'77) MDLVLPNPTI DMLY ONPIN 90N NN NYIINN

NI .1IION PTNIY NN NPN 55N DY 20290 1PHNA DXPMINN DINNI N8N [ ppn HC
IVIN NNIN DY NPIYND 122N WOR DIRNND WP NAX) KD IPTIV DIOYD NOVPN 1PRY
WP 19500 NAvN D NN Govier & Kassanis »y 1974 -1 nnmow (Bridge hypothesis)

.2 9901 NNNN NN N2W DTN DRI DIUN ITINND 1PN DX TARD YN NNDNION PTND
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Virion

CP subunit

.(Raccah et al., 2001) awan Y1n .2 99010 NNnN
995nN0 P2oN v NP (A) (Govier & Kassanis, 1972b) »y nOWXID Nyny nNIND m95d Ndov

,(B) .nnmon prnaw (FC) Food Canal 11rn 708 550 S HOoNsnn M8 ON 1PN (Dwdya y2on)
DXMYN 95N MNIATN DY MITN> NN ONY .NNON PTN IR DN MNP W) PYI wnwn 9951010 PNISN
M2on v N -n n¥pa opnn DAG mun wny N axa,(C)  .nmdn pIn 9N 101N IR Nwpa
NNYN IMNND N Q8T .I9971 PNIATN DX NP NPN OINIIN PPPINN DY INNINN IPINT NN NOVYNN

DSONPPVIGN NALYNN PNAZN YN NP NPN 1951010 PNadna PTK

-1 NNPN NN PYNIN (3700 NNHN NN DIPdY DYPON NYIDY -D 7951010 1NAYN NN PYND 1)

N -0 N8P MmN D ,09ywn .C -N NP NN SYOYM I3D9HN MIND NID YD 1N2o) N
OPYIN 12 Zine finger S 1320 XY (3 /0N NNNNA Zn) PRODIY) PPV IPNHNRD NI PYYN
(Blanc 11250 P10 9N Mwpa amynn (ZYMV -1 52-55 87n) KLSC / KITC 2mwn 980
NND NND NYNNA DMWY DOTPON PN 1Y ,NAON2 noImn mnn et al., 1998)
Long distance movement NnYa opmn oMK YN nynna (Carrington et al., 1996)
991 NY MN YD 5 .(Saenz et al., 2002 ) >XpTNon N3N X MXNNY (Cronin et al., 1995)
NNNN DPNYNN PINND D100 NNNA 999NN YW IM>¥oa RNA Sv medpa 0¥27v10n 02989
NN S IMANYN IR ININKY .(Voinnet et al., 1999; Kasschau & Carrington, 1998)

NN D5IDN OMIAYNN OPYamp YN Mwpa (LMV) Lettuce Mosaic Virus bv 1950
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IO ND Y WP N VILro Py N pagd nc 2199 20S Proteasome NN DININVINON
YNNI OYPPVIAT DY QDN NN NN DT NYOPY 1PN ,00120N PI9Y DINNLIION NN

.(Ballut et al., 2005)m7% Py /N S 79TN THNID NNSN DY NN 1NN D0 951N NIAdN
IV N T DY 2NN MNND MYNNIND DIDIPYVIdON YW NIAYNA DS 19500 AN
oV N’ NN NMY MYOYW1A 51pna PN N Mxap >nv .(Thornbury & Hellman, 1985)
MY NNPONY NN DN DMNINSIN DY THNDMN2Y DMDI0) DT HYW DN XY 957N

D% 7901 ONAON DX NP 2Ny 95NN YY N -0 NSPN P 0D DY, MIVNRIN
N -0 PN MY ,myv YN Nxapn ,onmyd .(Urcuqui-Inchima et al., 1999) o>oomn
NN AN MIMNN NMaya .(Guo et al., 1999) 795nn Sv MmN TN N9 02awNn C -M
MIAON DX NP HaPY P N =N NNPNN NINX N 102 90NN 199N PNIAYNA WNRNWND 1) D
MDY NN NN 95N Pavn Sv ,C -n nxpa (Plisson et al., 2003) o»on 1950
(ZYMV -1 308-310 nn) PTK qx91 »8mn 1a9nn 109 130 C -n Nspnm ,ouoIRmIoN

.(Huet et al .,1994) navynn 125N HN 19501 H¥ MWIpa 217vnn

Vector binding Capsid binding
KITC PTK
. FRNK .
Transmission IGN Transmission
o | cce ¢ H
Amplification PTGS Protease
Zn Movement
N-terminus Central region C-terminus
1 100 200 300 450

299570 1Ma5N YY 0N PPan .3 1901 NN
Y DMNN IMNNI ONYN DMPPIM I99NN NN DM NNY DINN YW ONMIPIN NN NONNN NNDID

oy (Plisson et al., 2003; Urcuqui-Inchima et al., 2001) 5y DoanN2 NNYWYI NH>I0N .OIPPVIN

OOV
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:NOVYNN Padn .1.4.3

(+ssRNA) 15NN PYNN /N DX qUIY XN ,NIYRIN ITPIN DY Dyn v ,(CP) navynn »nadn

IR OONM PpOn M CP Sv mypn nn 2000 -5 (Carrington & Dougherty, 1988)
YOONN NIAONN DX IWPI ORMIN PIPONN ,NDY MDY DYPPIdN DY NIayn TONN2
oMMNMN O NN2 oM CP Sv C -n nypm N -0 n8pn »» ,nTawn .(Pirone, 1991) HC
DNAON DY N ,TONNIVIdN BN Yy NN (Shukla et al., 1988) »onvn ppona
MY IR N 98I N8N CP YW N -n nspa .(C - BLA) ,4 7010 1nn NI ,07NNYY DN
NIYN HY 1NWPI MANYNI NN DT INXR YW MmN (Asp-Ala-Gly) DAG (1w anN)
(Blanc et al., 1997; DY DOYPPLVINA (Atreya et al., 1990) 195nn PIdN YN NdYVYNN

2C ron nmn nxry .Gal-On et al., 1992)
9980 CP -2 N -N N¥PN Y HY IMDYN DR IPTI IR MNINND DNV WYY MADN MY
NPATN D2APD PIY OORII XY NPHRN DAIXP DIV IINNY IN N -1 8PN NN PONY 1)
5N CP Y in-vitro mwp .(Arazi et al., 2001) ,(n1235 97y RO TN) NNNA DN YW MINON

1Y NP NN MIYYWNN .CP -N S N - N8P 99 IN PON 9910 IWRD 03 Yapnin HC -0 naon

7Y DYIIN DY 192YN TONNA 27N N1N) WINN NNSI DN DY MNNONHIN ToNNa wNINND
M IANYY I IR MTIY MIRNN Yy Tunona (Roudet-Tavert et al., 2002) ndy nm»nd

oY MDD Y PN DY NN 70NN HC Nadn YN Mepd »n CP YW N -0 Nspn
,(CP) navynn navn .(Blanc et al., 1997, Peng et al., 1998; Flasinski & Cassidy, 1998)
PON P2 PININ NMILVY NN (cell to cell) DRN Pa NYNND : OYN DY NYNNI DY ANYN
270 ,CP Yw N -n n¥pn .(Rojas et al., 1997) (Long distance movement) DM NN
-N N8P 0poN NoNN TEV -1 .nnsa 0110 HY mHnoo o mouvannga pinin NNvY nynna
NNV NYNNN NI NYIO TN (assembly) YoNIIN PPPONN 112N NPX NYNS NN CP YW N
MNXPN NIV : O IMN WYY CP nx pHno 1) .(Dolja et al., 1994, Dolja et al., 1995) pnn

N2Yn 9Ny (Baratova et al., 2001, Shukla et al., 1988) 1971 »9 by oownn C -m N -n
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27N NN MK .DNYN DIDIPPVIAN 2992 NHWN NN N 87 5299 9wn N1rY (Core)
;(Dolja et al., 1995, Jagadish et al., 1991, Varrelmann & Maiss, 19770 Man N33
(Dolja et al., ooxn 2 nynnc (Rojas et al., 1997) nonoTnosn mbdyna Haynd 2000)
IMNND N 90N 1 G892 10 NNY NN I LN -0 D8PN ,INYN N2ON INK NNy .1995)
(Shukla et al., 1989; Shukla & Ward, ,(1nN 'n 96 -5 21 y32) ©NWYN DXOYPPVLIN 1IP3
CP 5S¢ N -n n¥pa mmpimnnn RN N 595 DY onwnn yond D XN ININKD .1989)
(Kimalov et al., o p »nn¥a ZYMV Yv oo o NpaTnd nnsa nynnn nvinna manyn

2004)

B A

SUNPVIDN PIPIND NN 4 9901 NN

.(Shukla et al., 1988) ,(B) ; (Baratova et al., 2001),(A) novynn NN S¥ NN Man

TAN DI PPPON MDIIN NJVYNRN NIAYN DY MPN NN 2,000 -5 ,(C) YORPYVIAN P PYNN Man
.(Shukla et al., 1988)

: Yy 11995 by 0YHS BIrann 1.5

,Homoptera n171o-nn ,Hemiptera N1 ,Insecta ©¥pInn NpSNNS MO»NWN NYY NINNd
mnawns Mmpsinnn (Eastop,1977) noy mmo »»n 3700 -5 1o .Aphidoidea nnavn-Sy

oy 9w mNawn -nnY NPYNNN |, Aphididae NYyYn NMNID NNAYN NI PV NPV NV
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,MNavNN-Nn 95 Pan (o Lachninae, Pemphiginae ,Aphidinae) ,0"»N219710 DI»anm 19
DXOIMIN NI DY DMNVPN DN NOYN NN PN NINNNN NOYND N Aphidinae

.(Blackman & Eastop, 1984) o)nns ooyxnn
3-6 Yya ,PINR vinn mbya mmon  :Aphididae nyn mMndo nNavn S 0055 DMIMANND
MPTY D»ON .DXPI 2 HIIN NV .5 DIYID DY 4 -1 5772 259N (rostrum) PN 0PI
DY DODIP NITYA NMYNN NYYA N2 MITNNRN NPITPN I NNIVPI MIX NPNNND MNPV

(siphunculi) nPMPY NT 5772 N¥HN D2 IN VAN HY OWWN X SVWNPNN P90 Y7y (hamuli)
D) NYNT,NNNNN XIXD DIVHWNRN NNYY INYO NN XN 197T DIWINN NPIND Nywa

23 MNTL TIND YOIN DY PINKRND (tergite) N MY 70PN TIN NNVPND DIWNRYNN DIIIN
ON PTNN YV NITRN DXIVAND NYYN MDD DY DINNINY DMIPYTN NN *9) I8P (cauda)
N DN 25702 DPONY MY AWNMN NN DMK N MDD (phloem) Nown MNP

TPONN 23 ININ NPNWRIT MY 1901 .(Slansky & Scriber, 1985) 12w ypIann mMMpm) 1NRN
NN N 11D 2970 AN NIOWNT,NNN TPIPITIND DI NN 7Y NNNIN NNNM NPPTN

mHonn wNrN N NX .(Riedell et al., 1998; Sandstrom et al., 2000) n2»51 Ny NoXwa
1950 Syna oMsnn (Buchnera) oovmamoImn 0»pTIN DPADN NNMdN HY MNnd

.(Baumann et al., 1997)

$ 0NN DD HY NOPNI YNV PN 10D MIPNH NHYN H125 bYW mMNon .1.5.1
NINNDN NPMIVIA NMNGWNN DINNXY DNIIINN DN NYIDA DTN NHYN NI PN 1M
DMONPTNG-17 1YY MMND YW DMIDN OPN D) N NNT oy TN .(Monophagous)
DORPTND MDD NN DNY NIVORN 11 NNON M. persicae noyn nn»s nxa1d (Polyphagous)

oNY NIVANND NaNNN NN N9 .(Blackman & Eastop, 1984) nmw nyvia mnawnn
98 DINRPTND NIV OHYA DIDIT ON DINNN PN DY 2NT NNV DOYNNN DD DY N8N N

(Parthenogenetic ~ p5ma 192y YN 7192 MIAINND DDMION HY ANON NP

NP PIT PI9 TIN DIRINY YW 27 9900 DY ,INP PN NI AXP ONY NIVANNI reproduction)
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YA NN HY DOYMN DIINN ONPTNON NNXN 1Y NMINNIN NMDIVIN NN N TONNa
DMWY DYDY DY NNONN NI NN NPNN DT ,DOWTN DINNY DX NTITI NDID oYL DD
D27 MOPA PNNNN RNN DT AR NTND 1Y OIWARND NNANON DY DINNINY DIPYTH NN 29)
D990 DYDY NYIDID NN WITNTN YT PID INNSN NNN DNINKD DM IN DYV TONNa
1 INON ,MPT TY NIV 90N AN AP XIN NNNNN ONOY NNINN IN NNOYLN TONNI NN P92
DXOY HY TN DY NOVPND NOYN NDD NN IINY DIIIINN DMIINNND NNX NUYNY NN
D112 DY) DXNNY 90N DMNN I NTYD MITIND ,NDY NNND SY DT DXOI9 .0MNNNI

DYPVIN .27 PV OYNHDY IO DTV DN AR AN MAINND IXP AT 9192 MONON
oy DTV DI MY XTI DY NPWN 0PN TN NNAWNN DNNY 9NN ZYMV npnTd

D10 TV DY NOMIPDY TRTAND DD DIDY 119200 DY MNON
NYPXRPIN-29 OPYN ,NMVY MNOWNN DIXPTNI DINNN DY DDTHIN ,NDY NN HY DMWY DO»N

.DONWN DMDNIN YINIA TNNY 1IN NPRPTNO-TN OPYN

$ D2V DNV NNAYN TONNI IVNIYY NHYN N0 2390 9»aNN .1.5.2

INPTNDD NMN WHWNN POIONN DY 9y 75 NNIPY M. persicae Sulzer ,porann Noy N

Y1 027 DXNNY MY D95, 0XNNY DY MNAYN 40 DN DOVNYN DMWN DIRPTND INURY
POION DY N7Y MAYINT NMINN J1 .IPONI NIND YNPNY,DYN D52 MNIN) 1N .1HI5D M YN
.DINAN DY DY ,DINNX D2 DXNNNI INY MINTND NPDIVIIND IN ,DIND NNIYA DI PYN
;NN PIP-2INK LN P DIYIAND NP TY JOP DTN I MDYSN NINNON 070 1.2-2.3 197N

NY> MIMNIY AN DX DIVUYI DITRN IN PIPN OYAY DIP OONINT ; OITN IN TIN,PIP-ON
MONON N — ONNYI NI DWNN DXOIPIN NOLPN PN NON NN JYIN 1DINI NNY DND
099 (Kennedy et al.,, 1962) ormnnn ooy Yv oMy DOND NIRHND INY Pavnd

.(Blackman & Eastop, 1984)

.DY1HNNN NNOWNN DINNY 11 Y APy M Brevicoryne brassicae L. ;217510 Ny nn»o

19),N9¥N DY NNNNT ITISI MDY MAVIND IMSN )N . TIV) DTIN NN, 121D ,2)7D ,0999100
=12 TN N MPYSN NITH .ON TY PNHN DYPX OHYI DININT MXII 1N .NIMON DY DY

VY 19N POV JPON DY PV DY DD DNV DY ,PIV IN I9NON PV WAN ;N7 1.6-2.6
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N INIAN MOT N POY NOLWNN NN NDINY NNXN DY D) NYINNN ,NIDION-MIAD MYl
MPOYN YOIN DY DO DOND DMNDIYN DI DX YW WRIM NN ;07N 1.6-2.8 D72
NPNIINN DI N DY), 00NNN HYW DXOY 20 -5 DY DNIIYNL NVPND MWNIYN NYN NINND

DA% 275N, 12O )N DY
N ,D2298NN NNdWNN DINNY By XN Gr YT Lipaphis erysimi Kaltenbach ,nbyn nm»o

M DN M .OIRPTNNN DXNNNN DY MNIONT 22D DY IN NOYN DY NNNNN YN DY NN
-NON ,ANANN-PIV NIN WIS ;070 1.4-2.4 - 912 TY YOP DTN )N MDYSN NNITH .0DwN Y52
NP AN YY) INYYN NN MIND NN ;120 MNIYY NN MANXND 1M, 1P IN YD
NON NIDND OO G0 OPNYY ,NND P21 Yasa 02 MOYA YN 070 1.4-2.2 5T N NN

MOPINN NPPRHN MONN D’ , 0NN DN DXDIM DY 0N 10 - NVPND MYNYN
.(Blackman & Eastop, 1984) na% 275,125 )8 nny
MNOWNN DINNY N DYINRNDN N9 P 8o, Aphis gossypii Glover ,07¥19>T1 NSy N%Id

MOTH 12 1, RPN : DD DMWNDTN NNAVNND DID1T) DY P31 MW 11 .1V NMIVIA
MNNN DY 1971 ,9959 IRPP L(NT 912> DAPINN DMIPOYN OOPXINN THND MIAYNI) MM dNNN Dy
D212 MY PPTH INNN )N DNI) DMIP DNINA 121D DDA MXIN N .OIPDYDN N )N

WNND DMWY 17D 0.9-1.8 DTN 1N MPYSN NNITH .0PNIV DXNINA 1D (MNHN TN

5S¢ DMWY DM 07N 1.1-1.8 HTNA N MINAN .NND 71D ¥as MYy 2179 TN — DOyay PNHna

NMNNMON NMAY NNVINNVLI NMXNN MNAY MaVIN1 .NND Siphunculi NN M5y P17V

NON NN )20-INY YaAN MDY ,TAR 0NN MND DY DTN NPND NMYY MININ

DXOYPN DN DYDY DN ,DXNNY DY DX 50 -nN INY DY NI2YNI NOPN MYNYN

.(Blackman & Eastop, 1984) o>mnnn
$1129)00 PN PINN 9N Nan .1.5.3

.(Epicuticle) n:p>03par -n 257 NOMON PN IHN NPN HHNY NN NN

02N 0> MNA L,(Chitin) PVLYIN Y20 WPYWIN DN DNIAONYT NNIYYN NAINND NNPIVIPIIND

25791 I2D-17 NN PLIIN (PVLID NID) OMNIATN INYY PN TR INND 1N NNPPVIPIANI
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SV TOwa MPoyn 5910 NN PVOIN LB-1-4- linked N-acetyl-D-glucosamine Y o™ 1mmmn
JMIN NMANDN MMYPD NN TOVUD Mpn) 0PN
27 97y OMNN 0M1AON YW N NP L(CuP) Cuticle Proteins ,(pn) ©»Impmip 025N

DOV NINY DY TN ,PVIN Y0 ONX WP N1 NN DY DYTIN DPONY .pINN DY 1Y OIPa
VDN O ONYPN DINK PN N DNYP NONR,POIIN HN MPY DNYP DIRY PN D)
OMAVNN 2971 .NMIYNI N> DY PYIN NDIPPVIPY MPN PVIIN YDA PN NNYY DY 1DPWN

,PIND N2 DONYA DINNA OTPANT MIININ MYITY DNNNA ¥YaP) POIY DAY MYV

.(Nevile, 1975; Vincent & Wegst, 2004) 015 m1»Tnn 'X NN

$NIYN NS 3”7y BIDIIVID DY 03199 WIS .1.6

,IINP NNOYV NN NYNIAND PRPTINON NN DX NOYN NN OV (NNTNNI) NNYIN INKRD TN
ToNNA NNXA DINITIARND NN NTND ,PTNN MYNNNA 19N Mpravn ,(10-20) nyv 19010
OMIPITA (MA5NN PATNY) OIIN OPIPON NN NYIT NMNON N ADWA ,NNNNND DNDIYV
nmn NXI) Food canal pyan 78 55na nnon prnav (Maxillary stylets) o> opNnn

SV INY NN TN .OVIN OPIPON DY NP2 NYIDIND MINRDVIIND NN N3 Y P19 (5 'ONn

,DMNITAND INND 92N PTNN DY ANV NPMY NITHN OND NIYARND (NPTH NIYNY) MN)ON
» 72w .(Pirone & Harris, 1977) ©y12 npaTnm w0 MY NN D) YN 13 NN
DN I9IN INN APYN DI NNNIN YN IR MIINHN MTITVPINI YINdPYW MYSNNI NNIN
TN NN NN 2pyn ((EPM)-Electrical Penetration Graph nnsn YN pTnn n3T1nn nmm

¥ ANIN ,MPTIN MNMIN Y DXOIIMN DY NIAYN MNYY DY 21DPWA NRNN AT TV PTNN

DMV NNSNN NNMON DY MINP MNOYL MYSIND TWRD NHMPNN MAIN NIAYN MDY

Mp  (Tjallingii, 1978; Powell, 1995; Martin et al., 1997) mnn nY»’NNI MNWRIN
NI MWNIY NTHYY (Retention) PN MINNWN NN NXION DY NN 193 IR DN
135N YY 19N 19 KN DMIVP) DN DO D NN INTAYa 1956 mwn Bradley Hv

DYOYIN NP YD NNIN 1977 Mywa Harris Ay amnn ,Stylet-borne viruses xwinn yavim

TIMOPIN MAPOIPINI YIDY .PTNI DXPMIN DXMINT DPPNN ,NNNION YW NN 19X HN
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PIN Y DN OPIPON DY NPT ITVANR , DY) YD INRD NYY NN DY PTN YONN NP> TaY
5w onTaya ,mw 20 -5 MNayd P (Taylor & Robertson, 1974; Lim et al., 1977) nmon
DYDY YON ,NNINON PIN MY OMNMNNN OV PP pon D NN (1996) mva [y Wang

DN DXNNY YD DIINDN NI

DV ITHN NN KONV PMIND NP DMINNN DIXNINRD DIYPI 79911 MADN DN YPPPoN

.(Ammar et al., 1994; Wang et al., 1996) Stylet tip n>5n PN

rga
RZ £ 2
£ £ F
p £ F
a
1 f
*~

Ny

[I™ 1'x

£8l |E%

gzl IR E
pal n
' T
+ -
-~

J9¥N N0 PN HY AN THN .5 9901 NN
NMINN NN HHN HY DIaNN (DYVIPN) DN .Forbes, (1977) -n NPy ndYN nNKd PN Sv am Tnn
NNNNN YPLYN PONA .DMDYOPNNN DMIPYTN MY HY OTINMN Mannn 030N (SC) pyn M (FAC)

.(MdS) o> 1nnm (MxS) DM90PNNAN DMIPITN DY DIWIANN DINN NNNNN HY
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:Insect Cuticular Proteins opana 099909 0233290 .1.7

NNNY MNY MPIOV IPTA IUXR NMNYNKIT MTIAY 1NIDIONN 80 -N NNV NPYRN 70 -N NIV <102

(Fristorm et Drosophila melanogaster no>onn 2121 ¥ N9PP0IP2 DINY DININD DINIAON
winn xnvm  (Phillips & Loughton, 1976) Locusta migratoria S>v o¥vnin ,al., 1978)
W IPNIRD N AN DN PR TTIAY Iosn Junna .(Nakato et al., 1990) Bombyx mori
Lepidoptera, Coleoptera, :mXan OPINN MITON DXADN (PrN) OMINPXVIP OMNION
(Snyder et al., 1982; n©ONN 21230 D¥ON PN WX TN .Orthoptera -1 Diptera
PN y1Maapna (Henikoff et al., 1986; Apple & Fristorm, 1991; Qiu and Hardin, 1995
(Charles et al., 1992; Mathelin et al., 1995; Rondot et ,Tenebrio molitor Yv o¥>nwn D)
(Hejrup et al., 1986; Klarskov et al., 1989; :L. migratoria bv o»nwm al., 1996)
T2 o8N 0N ,1988 -1 Riddiford -y Rebers v onmaya .Andersen & Hejrup, 1987)

'n 937 "N ,Manduca sexta -y D. melanogaster : ©pInn Sw npnny NPI9oN Prnd oM
NIYAN NAPN NNIND DT PNV PN DY DN NRNYNL DMNYN DMNIADND DIINN DY INNND

(Rebers & DXpIn Y¥ MY MITOA YNPNRY PN 7 -2 IPNKR N 32 DY NDNY 987 N
oV DIMMNNIN DY DOANNA L(1998) Andersen ANy 9NN on»w 10 -5 .Riddiford, 1988)
N 32 5V MNVYN GNIN DX NN WS 1997 -n PIMRNIN OV 1988 -n Rebers & Riddiford
Nt oMY 0'pn YW prna Rebers & Riddiford Y onw 1P N ann RR-1 owa wnx

owa Andersen >y N2 ,IWN 98I0 INNN N 68 D10 TN TIIN KNI G877 ,900 NNV 989
(Andersen & Hgjrup, 1997) nnmpn mmay mxsn Yy ooanna (Andersen, 1998) RR-2
(Lampe & Willis., 1994; Charles et al., 1992; Klarskov et al., ©nx 0PN Yv mmam
NN N 75 99D ,0oPIN N19) MNS ION WX ,90N NNV 937 .1989; Krogh et al., 1995)
N2 .(Andersen, 2000) RR-3 owa nn5 079 0p 001250 Nwidwa P No 1Y INIM
-3,RR-2 ,RR-1 :p7na £0>11nwn DXaNI10 MN0N TAR DI 1INNDT IMNIND N 87 VNN ,6 'ON

.0vwN R&R's -n »nxa momwnn 1N N S nxnwm RR-3
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$ 0299920 0IMNAYN MY .1.7.1
:IDIPOVIPN MDY DRNNA PPNN NN IMNDY NN ,0PINPIVIP DINIAYNN DINNI MNYNIT MTIAY
(Cox & Willis, 1987; Andersen & Hgjrup, 1987) nmowp n9pmip X nvymd npovp
(Chihara et al., 1982; Wolfgang et VYN P’NN N PIND DY MNNANNN NHITY ORNN3,
Urea- soluble nxMIN MyNnNa pannmn omsnd noovn oy al., 1986; Dotson et al., 1998)
DNNNA P’NN DX AN 1N D NN L(1998) Andersen .(Fristorm et al., 1978) proteins
PN 7 Ny 0MPnNn N29n) NN L(RR-2 - RR-1) R&R's 99nwn anNa »wnrn N 98D
NYIRY NNPPVIPN PN XY RR-2 N0 Mnvn anNRD 987 IR 090 DNOYP INPIVIPN
OINRN YD NN ,NNINKY .(Andersen,1998) RR-1  »on Mmwn Anxn 931 DR 0%9In
PVMIN OX PAN SV NP 027w (RR-2 -y RR-1)  o»dproipn oomnadna onwn

.mxnna (Rebers & Willis, 2001; Togawa et al., 2004) Chitin Binding Domain (CBD)

RE-1 Consensus:

BBl BB o« A - ENGEQR-SAHLE
RR-2 Consensus:
BB B ol o O B B R SO S B o RO A A« B

RR-31 Consensus:

- A 0 I NN VD o D R BE

L099970Y71 ©229NN IND NWITUN THR Y3 199NN 1NND MYMIN 989 .6 1901 1NN

,mMnna .RR-3 -y ) RR-2 | RR-1 :7mwn q¥9n NOY orNN2 PN IR POND 10 DMWn ©¥pna
-19x%7 5w NN .0Mwn R&R's -1 m»1on X752 (consensus) Dy NN 1NND NINDIN 2987 OININ
MIMDN , 0N R&R's -1 »NNX P2 190RD /N 25902 D) MNT MY ¥ NN 1Y OX 1t 0vn R&R's
1N X AUND 0NV P INN P’N2 R&R's -1 NN nvivwa mint mSya 130 190KND MSNIN DTN YaNa

.(Willis et al., 2005) 171w MdRY PN N

1120990 HX DIYIPA 029I1¥NN DINPIVIP BINATNI OINNY BIINN .1.8

$PVION ON NYIPA RR-2 -y RR-1 »INN YW omavvn .1.8.1

CBD 5w m»ya5ya RR-2 -0 9nn 0 mwray non ,(2001) Rebers & willis Yw onmiaya
INND TTPNN PYNN /N Q¥ NADIN INKD NYIAPNN 1T NN PV DX P7NAN NP 27V

Glutathione-S- (GST) 1 931 9% Anopheles gambiae -n p7n5 1 Sw RR-2 2on 71mnwn
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SN NMWP N9 NrIN ,GST+HRR-2 nmxnn pavnn .E. coli »p7»na vy Transferase
NP (PVID DX NP N2> AIDN) PTONN MNIATN INYN INMYNNDNA TIND PV 1))

YN RN NN .(Rebers & Willis, 2001)  pH 7.0 -2 5apnn pvron HX OONDIVIN
NNING )NAON DY DMPTHNA PIVIA INKD NMYT 1IN NNYY) CBD Sw m>ya bya RR-1 »on
W MOy ,pH 6.4 -2 52pNn YONDVNIN NP .PYIIN IR NP N 18N IWR GSTHRR-1

(Togawa et al., 2004) V>IN YN NYPN NTH DX PMYHWN NN pH - Ydya NPT
19099 HN NMVYWIPA 02ANYNN RR-2 - RR-1 9NN3 0995890 09899 139N MmN »1t .1.8.2

ov MmN Awar GST+RR-1 -y GST+RR-2 :oomxnn ommadnn Yy o»p1»na nona
SN 7P oMayn NN (RR-2 - RR-1 ©nNa ) ny9Y8a0 Ny /N -5 NPNTIP) NPNOVIN
872 (F) IONDM - APONMIND WNRND /N NAYNND NPATIPY NYSVIN SNV . PVIIN
n915°2 W9 ,RR-2 9nna (A) panox wnx 'na YTAD 9312 (Y) pnv ww NGENAVV
N9 RR-2 Hw N -0 n¥pa wmnx /N 10 Yv nonno msvm . pwon Y8 GST+HRR-2 bv nwopn
NON O INPVIP 0MaoN Nva  (Rebers & Willis, 2001) pvron SN M pn nYIDdA NYIO
O GSTH+RR-1 5S¢ 7wpn N1 nyao C-n n¥pnm N -0 N¥pnn o MmN Yv n7onn RR-1
(7 7ON NINN) PNN DY SININ NIANN NN O Iwn oO7n (Togawa et al., 2004) yvo
N5 YW OYN PONA .MmT YA Mana 0N ,RR-2 -y RR-1 ,0m00 »wn prn v oodsn
(F) INOND9 925¥2 RAPONNMIN AN N YW DNIPIIN 12 (cleft) ypw mmd 100 oaasnnn
SV IMSNNYN DX IWANNN NVWN NN IMNDY Ypwn DX I8P R&R -1 Aanx (YY) pyrroom
PN YY R&R -2 ypwn 9N TIN2 IMI¥NDN NPORNDIINGD IVHNRD NPV YDA PN
(Hamodrakas et al., (cuticle protein-chitin chain interactions) y»v’91 5N 7P MANWN
SV NNNNN ONRNDYN IPINI NMINID 1N L7 /DN INNN AN WD »anInn 2 7mna .2002)
(protein-protein  ,DINN PN YN P/AN DY NP 27N WIWNND 900 YPY N1AoNN
PVLIN IR MPY WPINY DI DPNY TI PV HX NP INN DN OPYN interactions)

.(Hamodrakas et al., 2002; Iconomidou et al., 2005)
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RR'2 RR_l

RR-2 -y RR-1 91 0999 01 09290 YW »an9197 13200 MHHNY 939UNn 910 : 7 9901 NN
(Iconomidou et al., RR-2 »on prn oxnwn (Hamodrakas et al., 2002) RR-1 »on prn ,pme 782
.2005)

109999099 BIMaYNa oI 1H (Motifs) ©%9MNn BraN9 .1.9

0N (Motifs) ©X22017 DNNNN DMV DX IMT, DMV DXPIND PN DY IPHIND N 98972
DHY 190N NN IINY DY INND INNHNX N 4-5 DY I8P 987 27 97y DN UK DXDVIN
M PN .prna 0»pn R&R -0 22019 qona omvn prnn Yv C -0 Nspay N -N Nspa mnwn
X193 ,7%N VI : OMNMYN DXPIN TPNIPA MDY DXA7IYN INYD) PN DXINND DXXVINN

DYININ NIMAINRNT PININR IPNND /N2 PYYN AAP(A/V) 1 10RD /N 987 DX 901 ,p7Na anra
R&R »ya 0man pr/na amx DY D010 NN D0 LPONY 5 POHNS DY 1DV DONINITN
C-n N -n mxpn »waIr 8751 (Rebers & Riddiford, 1988; Willis, 1999) R&R »om
DNV DINK D)2 029N 0) NMT AAP(A/V) 91nn 20N .11 NYav NN ,P’Nn HY
(Andersen et al., (eggshell) N¥>an NvVYN 215571 (chorion) PNIASNN NPT DINPIVIP
295 PVLOVINN HY INPP NN IWANND NT VI D DYWN ,(elastin) PVLOONX NAONM 1995)

.(Urry et al., 1974; Urry, 1982) ym>>wab nwinTn NPLOOND NN Y MIPNN IINDIVNIN
W GLLGLGY 1w GYLG(G/Y)(G/Y) :»nrN N 9871 IR 910 ,p7Na 0N 91N 0N

INPN DLV ,OVINN DY OMY DIINNR MY 0NV PN 20N Hv > nna GLLLGG
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(Andersen et al., 10X N »PY 34 501 NP TIIND VIV IPHN N IIY 6 9ON ,AN»a
MY DMIPIANN PINY D) PANND ,PIINODY PPV PO IPNN N -2 PYYN Nt VI .1995)

.(Hojrup et al., 1986 ;Apple & Fristrom, 1991) y7px 1101300

LDV DTN DN DMINPIVIP DMNASN NP .1 9901 NYAV

NONN INN VN DD | NODNN INN VN PPN D)129N 190N
R&R
AAP(AV) AAP(AV) DOINPIVIP
RR-1 2 49 51
RR-2 36 8 44
RR-3 1 2 3
Not RR 26 15 41

S5¢ IMNONY OXNN R&R -1 9NN N0 190 Nuwy)d , 01D DWYTN OOINPIVIP DMION 139 YW NP

(Willis et al., 2005) xv12 NPPO MRHDND 0MINI DY NODIAN NPV IIND VNN

1922921 DINRY DIINPIVIP DINAYN .1.10

,DMON DN .02 PN DIN DY DO DPINN DY NIIPIVIPA DMNIAONN DY ,D1THn DI
SDONTD DX0N DXPPAN YY1 013N DPNY DXNDN OMNIYN NPIVIPNN MHNINY 1TN2

1N MNADN ,NDPPVIPN DY 217129 1722 DANYNN DIMNIN ,NNPIVIPA DMINNN DXVINN
DT NN PTY OTPoNY Arylphorins -Y N9IPP0IPN YN DIWINMD NADIDINNL DINNNDN

ON TN ,DMMYN DXPIND DY NNPIVIPA YTINMT MNNN PON DMNNN DXVINPIN  -DXVINN

NYNIN :NIPIVIPI DMNHN DXVINPY HY MKIAP VDY DI .DMAN P/ND DINDN DN

ONY NOYIINNN HN DMAPNI WA DNITIANL IXPNHIN NS VNP NN Insecticyanins
(Holden et al., »1Y was nx mwn XN NYP0Ipa (carotenes) JOIP MNONA .NNPOPVIPN
VM .(Li & Riddiford, 1992) Manduca sexta -»n y172 Insecticyanins -5 0 »v .1987)
xyy v Paon (Kornezos & Chia, 1992) Drosophila melanogaster -n 772 ywxy 20

Jwannn PB-alanyl-dopamine synthase y25n> T1pnn ebony -pn oy 1)NY N9 Hyad
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,Schistocerca gregaria — S¥ 9320 MAITH T2 W 1NN VIV .NNPIVIPA PIVN MIIVNN
N1’ YOy DINATNA NNNN NI DN NIN YD KNI QDN B-carotene PON WP NIN YD R¥ND)I

.(Wybrandt & Andersen, 2001) Juvenile hormone S¥ 1wop

YN DIOIN,DOPINA INPIVIPN DY DIV 12N TONNL DXANYN DX NN -DIMIN

NIASN .7MNN PON DNNN DPR ON TR PIND DY DNWN MNNINNN 22OV NYIPIVIPI DMINN

,MYYINNN DIV DWW PNATNN DY NVXAN NPT ,MOWINNN TYNNL 2NN X8 19kDa Hw 112
N-acetylglucosamine yaw »TNND IWPN PIPAY MYIINLIIG NYID DYID XYM NIAYNN
oW 39 MO .(Marcu & Locke, 1999) pviob o nvpn pr/nn SW NN /N Pad pouda
.(Marcu & Locke, 1998) mwrn n)pmipn IR 2399 N1 5Oya MINPLID MINVIND
NOPVIPN Y INWPNM NSHNN PYNN2 ©27Hn Phenoloxidase Sw n¥apnn ommdnN

.(Sugumaran,1998)
MYV 24 NOPOPVIPIN NN MM NINI2 XYY CECTOPIN IINIVPI-YVIN N1AON -NND INIAYN
M. sexta Sv n9p>vipa .(Lee & Brey, 1994) op1on5 Bombyx mori v 0¥nt novwn INNY
Sv n¥Ipnn onaon  (Molnar et al., 2001) Scolexin MON 1IN NN NV NN
phenoloxidase-(PO) -5 799 padnn »vydxvMa 51y NS Prophenoloxidase-(proPO)

Tpan Yya PO orinn .(Sugumaran,1998) nvproipn v nnwpna 2yn PO oyrn .oy
22991 DININN ,TPNTININI PENIDIPIN MYSNNI O0IA0) OMINND THID NPIND NNNN NIIYNI

.(Soderhall et al., 1990; Ashida & Brey, 1995) 351 v nin»o 7185 quinones N7X? 190
.(Ashida & Brey, 1998) o>pana mwxan nnoninn 7°onna o) 2myn PO odxn )0 md

NN N DY NI NDIDN DY 0120 KD OMINPIVIP OMIAON YW NN N¥IP -Arylphorins

MNI2 NNHPPVIPA D) DNMND I TN ,NDIINN 2NADND DMN MDY I .DMINMIYI NPVRMIN

N2IPOVIPN DY NNYPNN TOINT DXANMYN DN 1D DAIYWN T NIN PTY OTPON .INY M)

(Cox & Willis, 1985; Willis et al., 2005)
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1099995099 ©9a5NY B2 (INtrons) BHHIVIIN NN .1.11

oM29nY (eukaryotic genes) DYOPIPINN DONY NNMITA DXPINI PN NVYY DITTPNRN O
DYNY GN DY 1ON DYIND ,)NAVN NPXD DX TTPN DPNRY DN DINN DXV D¥DI0 DINN

oy pre-mRNA -n ¥ »van nna Yy NIPIA2 N2 MDYN MY NIASNN NP O TTPN
N25NN YW "MVIaN MIPa By Nyawna mRNA -n Yv '3 nspa (polyadenylation) o8 TN99N
DIV 9% (introns) DNILIR OO BT DVMIPIRN 0 .(Le Hir et al., 2003)
9¥Y) (transcription) PINYWN INKD .(ex0ns) OMDPNR-NIAZIND DX TTIPNN DININN NN DWWV
-7 MN2ON OPYIMP MYNNINA splicing YW TONN ,DMTOVINN 9% X 9NN MY MRNA
mMRNA -0 .79 N ONOPRN HY MM ,DNIVORND DY NPNIN TN IWann splicesome
N2 TTPNRN 980 7Y (5' UTR) 5' n¥pa ,12ond 03 mMnmn D1RY NINEPA DXNIN MY 520 18NN
SV %79 1Y PNIA9NN ONIN POY Poan NTIPN 5NN (3' UTR) 3' nspa) nNWURIN PPN 1NN
95,00 YV (clusters) ©¥¥aPN NN LN TY MY PN 0NN N PoN .Poly A signal
DY ANV YYD PN N Napn (Willis et al., 2005) prnd 03 Sw nnw 1901 901 Xapn
,(Charles et al., 1997; 1998) p7nY 03 12 Y91 881 Xapnn ,22kb -5 197 Noonn 13

.(Rondot et al., 1998) o) »w o1 T. molitor -2 3.9kb 151 NMIY NP2 YOPN NaIPNN
.20 19202 XN DNV DPINT PPN DINN O8IPN NNON

,D. melanogaster Sv p7n -5 0 NYIwa DMIVIR MNON DY MHWYNID NNT ,P’N -5 D2
WNHRN N Pa (SP) Signal Peptide 1Y 71900 MIND PN DIX YOIP NYNRIN PNIVIRND ON2
DPINA 1PN INRD WYY Moo MMy .(Snyder et al., 1982) prna a7y OWHYN
A 97y PN DN PONa oVPN Yyt T. molitor -y M. sexta, A. gambia : o nx
DXMY2Y SP -5 710N 9890 NN YVIPN DXOD1 60 -5 HYW TIINA TAX PNIVIX ININ P’NY D2
DNIVIN 4 IMK OV B. MOri, -2 nNNT 0MI01K 2 -H N HY NN DN MY )NIVIN NN
DOYVIPN PN -5 D)2 DINIVIK MNDN DY MDA MIT XY ,Pwoyd o3 .(Nakato et al., 1994)

.(Willis et al., 2005) o»mwin R&R's -5 7100 987107 NN
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109V INN HY VNI 0799n .1.12

SNV NPID) MOIYNI NNDIN 90N PN DY MNVIAN NN NN ,OINIVIRN DY DMANYN

NP2 nnn »p 1N chloramphenicol acetyltransferase -5 1) 97NN DMONX DNNIDIIV DI2DY
MND NYIP NIVAN PN 98I IR YVIPN PIVINX YW Naon ,(histone) PNV H4 7110m190 Hv
(Choi et al., PIVNN NODIN KXY NNPAS NNNWNL N 300 9 Ty mMRNA 5w Ay n9m
Carnitine -5 12y (Kolb, 2003) Murine § casein : NHNTY ©XINKX DOYIPINK DM .1991)
PRNY N9 PYRIN MLVIRD D K’y L(Wang et al.,, 2002) palmitoyltransferase 1B
NPNYND GRY MOVININON MDYI NX NOND NN, NVINION DY IM»YS NN (enhancer)
SV MYYa N2> HYas 0 ,q90N2 NPINN Murine B casein -2 P2 NYUNRIN PIVINRN . PVINY

;)2 DX TNINRD NN ,IIONNY DXOPIPINKD D2 NNT2 pn> o2 .(Kolb, 2003) 71010179
NI NYAPSY NVINION DY 1MV NIIND 7PN’ INR HY MY NHID NUNIN PIVIND D

.(Lemoine et al., 2004) mma» (transcription) Pinyw

.DMINPIVIP OMNIYND D) OXIPN YTTIA ONN DNV DIPIND .2 9901 NV

Species Length of DNA Number of genes  Reference
examined found
Anopheles gambiae 17.4kb 3 Dotson et al., 1998
Drosophila melanogaster  9kb 6 Snyder et al., 1982
D. melanogaster 20.5kb 8 Apple & Fristrom,1991

Kaufman et al., 1990

D. melanogaster 22kb 12 Charles et al., 1997,1998
Manduca sexta 20kb 3 Horodyski & Riddiford, 1989
Tenebrio molitor 3.9kb 2 Rondot et al., 1998

.(Willis et al., 2005) Xw12 NP0 IIRNDN INPYI NIV DXYNINN DINTIN
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DMNID D) DI 1T (2 /ON NYAV) NNV 195 PNY (clusters) DN HNIAPH TITA TION
NPMIIN NI DY NPPIDY (probe) INDID WY T PN TTpNnn cDNA -0 a9 9N prnd
;(Binger & Willis, 1994; Lampe & Willis, 1994) Hyalophora cecropia : 0w opin Hv
B. mori ; (Mathelin et al., 1998) T. molitor ;(Rebers & Riddiford, 1996) M. sexta
INIM MINPIVIP P YD D1PXADN DIONNA WIW N PNNY N, (Togawa et al., 2001)
oV NYNNY 11902 N PN 0NN Yapnny DNA -2 vinowy PCR mospxos mysnxa

(Kim et al., 2003) v*Yanv> Antheraea yamamai
NPT2,(NY MDONN TN DPLNON MN9) B. mori Y p7nd 71pNnn cDNA 7171715 navn nwd)
B. mori 5w cDNA -n 11901 NIPR 19X ¥TTaY omop 1050 Sv oooan 987 X
PYND DXTTIPNI MOINNX 0NN NYYN ,p’No 0 TNPpNn cDNA 31 5w o7 NN NIYINY

(Takeda et al., 2001) own

$9PNNN MHIVN 1.13

DY NBLVYN ANY7N X NI'DXO0N NYAPA 19700 (127N niayn nana i1 _nun

.17Y nin1d 'y proN'I'vId 7w nnayn '7nna

NIN'D "' 78 NI'D'Y50N NYPA *IXI'VISH 1970 127N NIYN N1'NA (2 DVn

.NNyN '7nna DY

N nj'ta YN 17X TNt A2y NiMda 0mMYioEn DRNn I'oX (3 naun

.D'oN'1'vId 7¥ 07X D1IAYN
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: 099N MVOY .2

$ YYD 1799939 9393 H¥79) L2.1

OV NN2YN 19D DD DD )NNY NTIAYN TONN WNIY NDYN MDD DY DXTNN DN

.DNNN DIRNA VT MNNIN . PYI N TITD) DMINPIVIP DINIATN NN DYDYV

NoyN N5 M. persicae Sulzer POIOND NYY NN : DONIAN DXPNN YY) NTHaYa

1y Brassica perviridis 570 Yy 0>1mMan 071n2 o1 Lipaphis erysimi - Kaltenbach
Brassica 2175 Yy nY1w Brevicoryne brassicae L. 21750 nby nn5 ; Tendergreen
Cucurbita pepo xwop by N9 Aphis gossypii - Glover ,0»¥9>71n nby N> ; oleracea
PPN TN 2301 Rhopalosiphum maidis  Fitch ;07 nn nby ninvo 7yyn” X190 1310
NoyN N5 Zea mays v n Yy 0>119 017N w1 Rhopalosiphum padi L.

.Solanum niger (black nightshade) Syw »23y >nnx Sy N51 Aphis fabae Scopoli

0291990 NP MWD .2.2

Turnip Mosaic Virus nadn S NpXXHIND DY : DXOIPPVID MY WY YNONN IPNNI
NIWOPN DY NNNN NPOININD DIPN DDONNN NNAWNN NN Apva yn (TuMV)
TOoNNA OO NNOWNN DNNY IPYa Y (ZYMV) Zucchini Yellow Mosaic Virus
(HAT) nby n1m25 sy N29 mya 9aymnn 12 v : ZYMV Yy ooyna vy nwy) ,NnTayn

wow (Gal-On et al., 1992) y19n nypaa xwp snnya ypn  Highly Aphid Transmissible
ININD MYMIN DY O¥IY 7 HY NADIND THPNN 9G¥ GOIN PIN YVININIPI YN DNIPI NPNY

.(Kadoury et al., 1998) His-HC 195nn avn v N-n nspa ,proon
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$99919 0192 NPT NPN NN .2.3

V2N INNRD MY MYV 24 DY O TR NTHNND NNIXRD NNN NNHN ININD IVTH ,NXIVP INNY

DIINND TN NNNNA DTN OTIN NNY . ZYMV  Dv 00w D2 IpaTin DXNNSN

.NVX23NN O 20 -5 NS TUMV -21P2a7N STINN PPN .(MYV 24 5¥ DY TIR) NTHNN

11N ONNY 2.4

DT 7907 NIYON Y31 Cucumis sativus 119990 DY DY) - HTIND NNHNNA DTN 1M INNY
MNNON DY NIV MDY 1M NN WY DX IWKI STPHN NDY DY Ty Nnnna
-D I YNNXD WY DINNND LNNNNL DT DTIN DY OV L ZYMV  Hvw 0M)vn Doyna

JYRYOITNN DY OV 25w TuMV

$1MA NNYY NP INNY NPaTH .2.5

1IN NPATH .2.5.1

DTIP PN DINNNN DY WNoNn MYSNNA 1% K,HPO, D¥ NDYINA 1WNI) D12 DN DY

I 107 NIV OMHY NI0) FNNSN NNONM DITHNIIPI 1Y

$7P0P99N Y9N DNA dy N snns npaTn .2.5.2

myxnNa Nnwyy ZYMV(AGI, AGIID) v 0win DX20P9RD DIYINL RIWP SNNN DY NPATH
1IY-11 NN NN (Bim-Lab) o3p phn 09y nTPN NHya (MK ¥ND2 NOWNSN) NPATH NNON

100 ng -n»dn »»n nomn .(Gal-On et al., 1995) »nTayna NININY VW HY NODIANN
1272 Tungsten ,ZYMV Sv (0vn DOY0INN) OIN DY ODOUPAPRN THodann DNA
D590 WYY YY v N ona 1.25M Ca(NOs), -1 91893 50% nodmna 50mg/ml
NN NNPINN N7 3 -2 DY PRI DA 93 DY NONINNN 5 pl YW N9 01D DY Y12 PN

NPATN DY DXPYNN DMVIDD NP TY ITNN NN YT ONNXN .3-4 bar ¥ PNX \NY2

Aviniin]
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$NYY NN MYYNNI DIDIIPVIDT DINNY NN .2.5.3

DY NN DIV DYV TYNAD 1AYNN DIND NI IR ORPTNON NNXNN IDDON) MNNON
TYNY (feeding) N3N NN N NOY ¥y INNN ,NYYN M :(acquisition access feeding)
SYY IO 9900 1030 1YY MNAD 100 -5 ,M)I20HNN NAVYY DN DY IWND .MpT 10

NI 1153 NLVH BY DONI PNNNN NN Parafilm Sv NPT NN HNNNI POYN NN
-2 OY2I1NN VAV N VN M2 10ul NHMINPN NN NNND MIINN DY .NIDNON NNONS

519N NV YY 11D 20% OIN PIN VIDIS 19122 N¥NN 40ul HC-Pro -1 npn 0117 100ug

0152 DO NRNN DO0) (NN 7Y D3NN MOLIYD) NPOMIPII DY NN NIIDT NNNN

ToM1Ra NOYN DY NNNNN PONA DIMPNNN DININN NN NNTHN NNIND NN NPNY PVDY
nmnon  s(inoculation access feeding) Apatn ;D .MPT 10-5 D NNRN TYN IRDN

MY (DY INK DPYNN) 1N XNNY HY MDD MINDNN 19 PANY IN $INN NNSNN 1IN

M2X01 OPN NINKD TY IMIAN PNNY DY MMM IINWIN ,NPATH NP NYWI HYW NRNIL TV
NP2 YN PONY X 0.5% 2 PUIPNA DDA NMMNON NDOLVP  .NPIOL
12250 W NN INNY .01 1:10,000 5w 5inpna (Confidor, Bayer Ltd.) Imidacloprid
NYOND TY 8D 25 -5 DY NP NIVIVNVY NTHNN NNNRN DY DY) ITND 1NN OINNND
,PINN OO0 DOWP NONN NN ININ ZYMV 0112 12NNy Xiwdpin NN .nonn 1o
D0 ININ N2 YNNI IWDIWY 999N YNNY .NPATIN INKD DM 7-10 DYDY MPY ,NANNN

ININ I YNNI WNIWY YN dNNY .ZYMV-1 n1paTnn INNY 007 8-10 NPYIVIN NPORIN

TuMV -2 npatn 9NND 097 10-14 NPYIYIN NPINTIN NINDOD

1029192019 NP .2.6

:ZYMV %92 .2.6.1

ZYMV 0y ooy Xwp vy 073 100 .Antignus et al., 1989 97y nwyy ZYMV »np»
,071997195 50ml 152101 NWIND NDMIN NIDIN DIOYN HN .NPATNN INKRD DM 14-21 -5 NP

o’oyn .(Bio Lab n7an maxmn 0minn) mpoxrn 'n 0.15% -1 55 mqvv ypns 50ml
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mMpT 15 qend 10,000g 5S¢ mMNNa T N0 .MPT 3 TYND ODNYN 1IN WNI)
NN N .(Calbiochem) ,Miracloth 797 190) QONY YPOYN H3NN .DYOX NN PPYN NPNINY
mon ,nrnnY) ImM EDTA -y 0.05M boric acid pH 8.0  :n9»nn nowmn 20ml by
ONT DY MOV DY MNNNA (DI N1D) N0 20%  qOIN PON (V2 1M N NONIN
90 TwnY 60,000g H¥ MNP MNNIVINIVIINA NN NAIYNN .SS-34 (fixed angle) Nyrap
22 VNI M2 LY Iml OY PYOL IPPNMN YNNI DapNNN YpwHn .4°C SY 9PV MPT
5Y 15% - 45% 0TI WY NN PNIND 10N INXRD .4°C Y 9nva NYYON TN NPVINI
9L MPT 150 quns 80,000 g S¥ MPNNI 1OND  VINITRIIN )0 OTIP DY 1PNV NI1ND

3ml bv ©yvPNa1 RN MNIN2 OYMN N1OY .SW-28 Swinging bucket 1112 4°C Hv

MPOINPIN MYSNNI NYAPY IRNNY DOYOPNI DIPIN MNDN .1PVYVDMA NANYN MYSNHNI

072 1M DY DN 3 MYNNIND VNN PTNY 19ON) ,DI1 DIDINN DWOLPN .ONIVPIN

SW- Swinging bucket 71172 70,000g Sv my1»nna nypwn >y 121010 NONRNN TINND DIYIN
7912 300 - 500 pl - 2 907N Yypwnm PN YN 51N .4°C Sv 1anva mpT 60 Tund 28

nm 2607280 DN NYAP 7y TORIVIOIVPIDA DITIN 112> NPIN MIN NYIAPY NPYNY LN

.DMPIIN DY NN MDY NYIAPN

"TUMV %99 .2.6.2

TuMV -1 oy ©nnsn mopaw 1 990 nnpa o) 100 .Sako, 1980 97y nwy) TuMV »p»
Na;SO; 9o vox 0.5M K,HPO4 pH 7.5 109019 9912 : 9910 nwdynd 992 150ml -5 9o
12ml naDIN .0¥oyN 95 NYOINIY TY PVIN MPNNI DNYN I11PNNMINT NYNII NN .0.1%
MPT 10 qUNY TN NOID  .ATNN DD NYAPY Ty DM MIPNNA DY ND Jwnm butanol
Triton 900 YN Miracloth 797 19701 qON) Wo¥N 530N .4°C v 'anva 4,500g Hw MPNNa

4°C Hw 901 NYWI TYUNY NPVLINA NAINY XINTN YN 53 nn 10 ml/L 5w onra X-100
4°C S 9nva Nyws Tund >vN 1w 5.84 g/L NaCl - 40 g/L 5w on»a PEG 8000 navn

.4°C Hw 9nva 8,000g S¥ M 1NN MPT 10 TN XNINTH DY TN MO0
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NN NDINY 19920 Mnd) .NaCl 0.584 g/L qoin »OR [ vaDa 919122 GNNN YAPNNY YPWNHN
MPNNA MPT 10 TYNID TN DID .(NYNIN TIDI0N INNXD DAPNNY 11POYN DINN MNON WY

80 g/L 5w ona PEG 8000 qon »ONX , 7703 QONI 19Oy 10N .4°C Hw anva 7,500g Hv
oV MPNN2 MPT 10 U 1570 .4°C -2 Nywd TuNd NPLINI 2TV (DIPIIN DY NYPYND)
MPNNA NN DV TN 11590 .1 VaDId 9912 3ml -2 pNn ypwnn ,4°C Hw ranva §,000g
2 -n N9 Yy N 1.5ml 5w mnd ,qox D3nn 4°C 5w anva mipT 10 qund 7,500g Hv
0.05M 11 Va5 1912 : D>2NN TV DPIN LITRN YV 3.5ml MPINPN NNLXYIVIN NNV
MY 18 quno Mot Yv 1990 (CsCl) mos-oms 30% q9on vox KoHPO4 pH 8.2
SV DXYLPNI NINXIN NMIN2NI DN N1OY .4°C YW 91V 36,000g S¥ M nna Ti-50 MHv1a
991221 X10 195793 190N DTN XYY DN DWOPN ,DNIVPOR NPOIPMNI Np>Tad 0.5ml
26,000g Sv mPnna MpT 120 qund Ti-50 MmO Ny XoNTN Y o0 LT Vv

4°C Hv ranva NN Uy I Ve, 1M 200ul NN Yapnnn ypwnn Yy .4°C Sw anva

92pNNN DN 1122 NPIN MR NY AP NNXT NP NINnY

10710 099 PONN) NP7 .2.6.3

DOWUTIN 6 TY DY DT PI3D ,00UN DMDNN NN TNXY 4°C DV /9n02 NP 1Y) DIIN
VIDOY VY P00 ANRD MNT0PON MPOna N1y ZYMV -y TuMV ooy mn moN
NV Yy NN NYIN .0NY N1owa Formwar 0991 mMosnn Mponpmd nynvia
Twno 1% Uranyl acetate -1 nyas» oy mMav 'On 0y NVWI ,NPT TYNY NPTN NONRNNIN
JEOL 100-CX oy1n 970 DMNIVPIN MPOIIPIN WY NPAXNN) 11D ) 0y Nwam NpT
7957 125N NODIN DXPNNN DNPIIN DY NIIYN MYSNNI NNYYI NN MYa nyap (I

.M. persicae noyn N3 Y DIOIPINND THX 92 HY NPNN
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:(HC-Pro) Helper Component Proteinase 799907 53290 %9 .2.7

:(M990n NVrY) ZYMV Hv 9950 »nadon »Hp .2.7.1

NP ZYMV -1 oy Xwdp dvy 073 100 .Lecoq et al., 1991 a7y nwyy »p»nn 790N
DYy MPT WDV TYND SONUN IV»PNMNT VNI DOYN .NPATIN NN O 14 - INND

7w 4,000g v Mynna 7 570 . 0.3M KoHPO,, pH 9.0 :59n0 »18on 9912 300ml
M7 M N0 ,Miracloth 797 1D QON) 1PYHYN HINN .DY0) NN YPON NPNIND MPT 15
DMNONY DYMN YPPoN Nypwny 4°C Hw 9nva MpT 90 Jund SS-34 1oma 66,000g Hv
955 PNINND KN7Y) HAPNNY SINN Y 0MIYOYN 25ml PIDIN 995NN PNASN DY DD NY*9N
NYPYNY VAN OPMINK 20%  GOIN POYN DINN DX (DNIPI D¥INN YPWNN IO VAN
8,000g Sv mPNna MPT 10 YN T N0 ,NyY TYNnd 4°C -1 1119w MINDNITH 020N
14ml oy T 11990 91NN GNNN YPWNN  .0M125N 930NN Ypwnn Noapd 4°C Sv onva
noMN NpNINY 4°C Hw anva MpT 10 Twvnd 12,0002 S¥ MNNa 19701 NHNN 19N
YPYNN L0990 OPINN 30% DY NYVW YNNI TUNY 21V 22N )POYN DINN DI DPNINND
4°C Hwr9nva MmpT 10 TvnY 8,000g Sv M1NNa TN HIDID Y W YPYIN DONIAYN 3NN
DYNIND FNON APNIND 1Y DN PINHNN 1930 3ml 0y 71 ADPNIMNL GNNN YPWNn
NN DX DO qONIY POYN DN .4°C Sw 9nva MmpT 10 Jund 12,000g Sv mnna

-20°C  Hw /99702 NNOPN INYI MNXONTN ,20% YV 90 11D 1D G0N PIHN 79500

.DMVUN DMDNN TYNNY

NTA resin Y8 NPt HY 1299090999 mysnNa ZYMV Hv 49950 »navn »p .2.7.2
s Ni2*

ON (Affinity chromatography) N2t S 1°9910m75 MysNNA ZYMV Sv 195010 »madn »np»

PN NP 07 21908 Kadoury et al., 1998 >y axmw 295 (Ni-NTA) Ni*" NTA resin

NN IMA YW 6ml DY TN YOV YNON IWNI) DOYN .NPATIN INKD DD 8-12 DI NYM)
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mMpT 10 -5 Tun’ 2,000g Sv N33 M1nn1 9710 wnon pH 8.8 -2 0.3M K,HPO4 9 pn
oMys 3 quwiv Ni-NTR 50% 5w 400ul oy 70> 229 qON) 19oyn 51N .4°C Hv '9nova
(Cytosignal n1ann W Qiagen nHann vo Ni-NTR -n) .wymdwn 070 N¥mnn 9913
mMpT 2 -5 NHOMO NWNN  .4°C DY /9N02 NYY TUND MOYIN NN N3N NAIYNN

qown 1.5ml nnand qond Ni-NTA -0 ypwn .maon Ni-NTA nypwnd  1,000g S nyypinna
2 -5 NNNANN 1IN NDOLYO NVY P2 .NDIVXY NN NDMINNY TY NXNMN 19122 DINIY 190N

991217 400l naDIN 7Y Y KN 95NN N1AON DY MINwn 20w .1,000g Sv mydnna mpT
300mM Imidazole (Sigma) W 250mM EDTA 19910 POX n%n 992 5000 NNV
nypwny .4°C Y 79102 MPT 5 -3 TUNnd NPVIN NHVYIV XINTN NIi-NTR -1 ON (O1n10ON)

400ul -2) yoyn 930 . 1,000g Sv mPnna mpT 2 -5 qund qon 1570 Nwy) Ni-NTR -
,N21Y POIN DTNN .20% DY 191D 112770 11120 GDIN 1 NDMHNY I35 NN NN D1 (N2

NPMY RPN YINWYI MNONTD NN 40ug -5 0Nnnn 40ul Sv nind nDdn MNan Yow 1o

.DMVYN OMDNN ToNN2 WYY -80 °C Hw onva

NTA resin Y~ PO YV 199M91m95 mysnNa TUMYV v 9950 avn »p .2.7.3
- Ni2"

T25N OTIPN PYD2 LN NMTA NYY) TuMV -2 DWW STIN NNXN I9ON MNIAON NP
nvwnd . TuMV 5w 9950N S 1on51»an 1Mo 71U 1OLVNN IWR DMV D192 VINIWN
ww Npann onn qunnd L(pH 8.8, 0.5M K,HPO4) vamin 1912 nnwyy 0¥oyn mnNnonT

7912 My¥NNA WY Ni-NTA -n 29500 mnvw .(pH 7.4, 0.02M K,HPO4 ) 901 0ap1o 9912

.0.4M 590 119 EGTA 9010 PON %W 090190
$09P19 9951 MADN HY INDIND "N 2.7.4

195010 YV MY NN WIN ZYMV Sw 1950 15 (Polyclonal) oovaw-17 omrmm vinw

Jwannn 19500 Yv N -n N¥pa His-tag 9o ona ZYMV Sv odyna .8-B yon nnmn nipnnn

37



9N oYM VIdYN .8-C 'on Nnnn His-tag 75 »0avw-71n 110 MYSNNI Nt 0) ,90102
P20 INRD NYAPNNN 95NN MND DY IXNVYN D) NIVONNN western-blot Y NYIND DWW

nPIN XY r 8-C ron nnnn His-tag 735 (Monoclonal) »vaw 7nn Ym0 Sv nann

NYNAD OXNAN OMONN TONNA DD 199NN TN SVIY 27D YHINN DY NYIAPNIY NN INY

.DPTODNN 48T TN PVAY THN YTIND YINOW NWYI PPNN NN DN I9ONN DY MYIPN

1 2 M 3 4
A
1 2 M 3 4
B Cc

(ZY-H-ELSC) vavm 999m (ZY-H-KLSC) s 9950 Hw 510t mvre nxnwn .8 91901 Nnn
LDINVDIND ¥ 130 YDAV TN 1T YW MY 995NN 1335 Y0AY -2 1103 MYLNNA

,(B) Sxnw 180 - nnnnn nnona (Ponceau) 190191 onyasy 00250 nTI9n ,(A) mrdyn nona
1n2»n ,C P> 180 (1:1000 503) ZYMV 5w 19510 700 D0aw-17 DOITHIND NPRNN 19900 NANN
99911 125N NYVIN XYY .(1:4000 5H17H2) DXPTPVLDINN 48T THD YVIY-TN YN PPN 199NN
M x»wya ZY-H-ELSC :4 ;ZY-H-KLSC :3 ZY-H-KLSC :2 ;ZY-H-ELSC :1 :o'Nan
121N Y7 YW InTaya NN Ni-NTA v nvurwa nwyd 995010 11250 NP2 .0M1a5N DY 5T 110D
«(Kadoury et al., 1998)

: SDS mnana (PAGE) 1nx999N 9752 0239390 n1990 .2.8

1 ATNIVPYN .2.8.1

[(Laemmli, 1970) »>7y mwNID 7NN DY 97y DNYN NTYA OMIAON NTINY N NV
DY MINIIVIT Y INRD DNYN DTV DXTINM) PHINRIIPNING D7) )7y DNIYVIN DMNIAYNN

oMMN P-mercaptoethanol nN>oNN NEMINI OMNHD OPTN OMNOND AN SDS
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oMAINN IR qUIY L,SDS (S-S) DA% TN DMIWPN NNXNY Y DMNIADNND HY INNVLITY

JTNIRD YD O0NYNN NTYN MDA 50 TIN2 DNYNN NIVIRNND TIN NNRNIND ,070Y DNYLNI

DMNAONY IRNYNA AN NN WY DNVP DMIADN ,TA02 OOTN 97y NYNINHD OMNIADNN NTIN
12% Sv 2512 )1 ,Bio-Rad nnhan Sv Mini-Protean III pwona vimow nvy) .09

SV D215 MONN ITO VNN PN .OMIAONN NTIAND MIAIY SNYN 21DNNN THRIIPN

D90

192911 Separating gel (pnnn) n199n 97

1.05 ml X4 Separating buffer:

78ml ddH20]. [18.17gr Tris-base(Bio Lab),  4ml 10% SDS (Sigma),
1.7ml ddH,O

1.35ml 30% Acrylamide (Bio Lab)

61.5ul APS (Bio Lab) - 2.5u TEMED (Bio Lab)

:92ann Stacking gel (1oy) nayon 97y

0.49ml Stacking buffer 4X: (6.07gr Tris-base, 4ml 10%SDS , 90ml ddH20)
1.1ml ddH,O

0.33ml 30% Acrylamide

31W/lAPS v 5.5ul TEMED

99907 (Sample buffer) XPMNT M2 1: 3 YW DN GOIN DPTIIN DINIAYNN MDMIN DN

Iml B-mercaptoethanol (Sigma) ,4ml Glycerol (USB) ,5ml stacking gel buffer X4]
TVNY NNNNN NMWNN . [0.5mg bromophenol blue (Sigma) -y 4ml 10% SDS, (Sigma)
999071 Running buffer X1 n¥90 9912 0y nnwy) N8N .90 YY MYvIN mpT 5

oxnNa NNy NN .820ml ddH,O -y 10ml 10% SDS, 14.4gr Glycine 3gr Tris-base

160V -2 mp7160 - 140V -2 moon mpT15 120V -2 mnwxI mpT 10 : NN 7IDND

:2D-SDS-PAGE t9a%n Yv mo191n-171 N1990 .2.8.2

MY ANYLIN MNDINTN NYNRIN 291 : DMPOY D29 WY NPYNNN DMIAYN NTIDNY 1N NOOV

55 .pH 3-10 -n nmo 5ya 97001 Vi w NYy) (N1°N15 11°10) Mnwn pH nnv 5onn 79»vo”
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95 79 11 pH -5 DXNNA NNRD 700N MY NNV MINI DPHNND NONT DNIATINNN THN

(PI) y25nn ¥ mvpoNXIvRD NTIPIN NN NNY ,DIN INY 77> NIATNN DY YINNND WWonn
MY NN RDTH NN DIN0N 7970007 NWN YW .NAON DI HWIPNIND /N 25770 NYOVIN N
NTI9N2 NN N NVOY DY NN .DMN2AONN DY RPN Dpwnin 97y 11911 SDS-PAGE 57)
MON TNXO OXMYY T PNAIN DY NHDIND NOSNN N DTIO ,MNY MOLOY >N DMaYNN DY

JPNN N QN NPYTAY MNDINT

-2 DMINPIVIP DMNAIN NN NDPINN RONT IN IO PINIVIND NNIPIN 97Y HNYNI 11990

, (Bio Lab) 0.5% Triton X-100, (Sigma) 3% CHAPS :o>Nan o»mnn 19910 8M Urea
0.002% -y (Sigma) 0.3% (w/v) DTT , (Amersham Pharmacia) 2% (v/v) IPG buffer
IPG strips 79900” 9N 190 XaNTIN 250 pl -nnaon abw .(Sigma) bromophenol blue
TVNY 71NN '9Nnva NN XINTN (Amersham Pharmacia) 13cm. 5w Y712 (pH 3-10)
NN NN Multiphor 1T 9wona NRWY)  -NILVPONXIVND NTIPIN 97y NTION NN
,MPT 15 7vn0 300V ,myw 8 qund 100V : nxan nomn » Yy 18°C Yw 'anva Pharmacia
T 15 qund 2000V ,mpT 15 qund 1500V mipT 15 qund 1000V ,mpT 15 qund 500V
92N 900N PN INNRD MYV 4 Tuno 3500V ,mpT 15 Twnd 3000V mpT 15 qund 2500V
6M ,50mM Tris-HCIL, pH 8.8 : n%51nn (Equilibration solution-1) nHWNI PHNR NOMN HN
2mM (TBP) -y 0.002% Bromophenol blue , 2% SDS(w/v) ,30% Glycerol (v/v) ,Urea
1HIVDNT TYNANA .ATNN 9NV MPT 5 TuNY HOIX NVYVY (Sigma) Tributylphosphine
(TBP) 7251 nmyT 2590 nonn (Equilibration solution-2) 7w NHNR NOMIN ONX 929N
TN 9PV MPT 5 TUNY YOIX 51505 2.5% lodoacetamide-a 9omnw
12% 5 95 »y MINPD2 NNN 7IVDNT DIRDIPIINN Ypwnn 9 Dy ,NMIY NTI9N

omnn 0.5% Agarose 93 W NADIN MYNNNI NYY) D3N »7yY 790007 WP ,Acrylamide
DTON-TN D7) HY NNIND DNYT 1IN NNYY) 79000 DY NNIN .0MAYNN DY NNINN 99122

Colloidal Coomassie blue G-250 »HONTRIP YONMP NYIAXY AN DN NNINN INNRD

.western-blot ¥ NHHIND NNHXITV) HY NYI2NNT 1N PNPINY X (Sigma)
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:099939N Y nyray .2.8.3

ON T2V 9N NTIONN DPD DY IR0 XY 19N 0NN NyN (Coomassie ) YORMP Nyray
2.5gr Colloidal W 2.5gr Coomassie brilliant blue R250 (Sigma) : N> NY* NN NONON
250ml , (glacial acetic acid — Bio Lab) 1099 \mIN n¥mn 100ml -y Coomassie blue G-250
YIANN NOMIN NYANN INKD OVIN D05V MPT 50 TWND 650ml H20 -1 (Bio Lab) Isopropanol
oNN . IPNINIP NN N¥MIN 70ml -y 830ml H20 : 12»51nN  destaining NOMIN NADIN NPYION

.92 029NN HY NI NMID TY MYV 9901 TYND NPVINI DUV NDMINA NNNN
9n0 YV (transfer) N72yN DY DY DHOXAD XY 19IND DM2YN NYAIN :(Ponceau) 199 Nyray
DYIAND NOMN NN OX NN (MDUNILY)  MIINNN WY DNIAINI DY
N9V NINNN .DIPPIVI DI MNINIP IN N¥MN 1% -1 0.2% Ponceau (Sigma)n>>onn

TV YIS NPIRY PIDP0D DAY 190N DIPPITND DM DY NOVYI TYNNA NPT TUNY NPVINI

.MN2NNN MY DOYNPNN ONIADNN NYIN

: 989 NY2APY DNAYNN NN .2.9

liquid Chromatography, (LC/MS) Sv NV wa NN DMV DM125N ININD /N 987 NP

™22 (0728) SNPONN PIN TPYL DY MMPN NWdwa electrospray Mass Spectrometry

NPONNY  MAINIAY MINOPND NOMPOL NPMIINLINGY NPINNA ,00¥I1PA NDTN ODINN
: 2099 MIOMINN MPYNNA NYYIV 29D PONNN MIPAY PPNY .NNIY 11DV NPINMINVINGD
DMAVNN .YANN IPOY PIPD INKRD NYAPNI NONN) DOVANN DMNIADNN NN NDMINN DN NO

D>TVAN L(POIV MYNNNI 21T 97Y) DOVIDINIVIND DIDPIN NITYA D) NDYD TIN OIWN

M) MY MIVIRDND NPIP N MPT Ndp Yy HPLC —a o 19m ooapnnn
mMon Sv NYHN O electrospray -2 MDN TVMIVPADY MPY> DNINND DTV
- MS n0n Mon nYOIN D2 DXTOVIN 12V .DPIN IMLNI NYNI T DY MISVINIIN

QNI P ININ IN PNAYN DD DY NPTV MIDIN NINYA T IWaND Yapnnn ynn LC/MS

YT INNDI NNN DAYV INNNRD MSMIN
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:MINDIY MYV .2.10

Sy NM9ING 0270 My8NNa SDS-PAGE -3 079910 93abn »n7.2.10.1

: western blot

N NVOYI NTIAYN ITHIND IPNID JTHIND YIDY MYNNNI PTIN PNIAZNN DY NPT NIYIRD NVIWN

: DONAN ©215wN 97y (Towbin et al., 1979) 7y ININNDI YVITIVD 19INA NNYYI

.2.8 YD 15NN 293 NANN MNINT oy SDS-PAGE 573 nyn .1

Trans Blot (Bio-Rad) nnan Sw Electro blotting 7owan YN 22y Y)n N¥INN 0»o oYy .2
MmN (Schleicher & Schuell) 112198170210 NN 5N N»wn .Semi Dry Transfer cell
97910 Transfer buffer N9ayn 99122 YW blot -n W1%15 wrww Whatman -n

n1ayn  .20% methanol (Bio Lab) -y 0.2M Glycine (USB), 0.025M Tris-base (Bio Lab)

MPT 45 qund 250mA Sv HOonwn DI NNXIYA NYNIND

YONON NYXAX .1I2NNN N7Y DIOYAIPNN DINATNN DY NTPTY IOND NN NYIINNN DY NYIN .4

.DPPI D2 MLV 90N INNY NPNNN

97NN 79902 NYY TYWNY M129N0N 51050 > Yy (blocking) M1anna ©MNON DINND NNXON .5
.(PBS) Phosphate Buffer Saline 99122 250 npan 3% n>»nn nonna

. 4°C -2 129N Twnd PBS -2 500 mMwxIn YN 0Y 1712000 NN .4

PBS+ 0.5% nowmn oy nyannn Sv nooy Y5 pa 5vdv mpT vnn Yy moovw vidw .6
VIDOW WYY YVAY-TN YT 7PN ONURID JTINN TIYUNRD NPV YTHINN 90N INROY Tween
ovw 91 (Sigma) Goat anti mouse [gG »125y MPNRN DNITNI T T2 12NV OV YTHINI
MMV ITINI YIDOY NYYI MAINI ¥NPNRY SVIW-17 )T 7N ONYRIN YN Iwrd .1 : 30,000
.1 : 10,000 52 (Sigma) Goat anti Rabbit I[gG  1n2)IN2 DMIPNRY OYTHN THID W1 DIV
MOPON INUNADID DOWIND  (conjugate) NNMIN DMON DMV ONTINI VIDY DY)

.(Sigma) Phosphatase alkaline
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DY MPT VRN TUNY DMNIYS YIZY MIINNN N0V NNDI) ITNN 9NV NYY TYND VOV .7

NOW YTNN NYIRY 71205 PBS+ 0.5% Tween n2o1nN0 N9HN2 DLW 95 P YOIN 51000
1112701 IRVADIY PORPIN DITIND VIVONID 1M NOIN 10ml HX MNP NI2YN VP
66ul : ONNY DXVLIVDIDN VDN MOX ITmM MgCl, -y 150mM NaCl ,100mM Tris-HCI
-y 70% dimethylformamide v no»na »¥nn NBT(nitro blue tetrazolium)50mg/ml
100% 5w noymna »snn 33ul BCIP (5-bromo—4chloro-3-indolyl-phosphate)5S0mg/ml

.Promega n7an nsnn dimethylformamide

NPONN NPNIN ,MPT 2-10  TYNI OVIN DIVHL 1O IN TYINT NYYI TPNPNIN MNP .8
D12 NYHNNN DY NLY INNY

D”ﬂb\‘p’\”‘p 0'9a5N NYMNA ONAYN YN 999NN IMNaYN by NP nvna L2.10.2

:Far-western —blot v nvrwa mnnsnn

PAPNNY DNION HNX ZYMV S 19510N 125N DY IN-Vitro Npdy n»nad nwmdw 1t Npdnov
oM B. brassicae M. persicae :noyn mnmon DMINPIVIP DINIAON NN INND

S TONNA O2OWN VY YNy, Bemisia tabaci wyn
372000 NN HINDXIIVII NANN I’Y MDPY NIAYN ,DONIAON D7 Y MINDITH DY NTI9N

.2.10.1 9yoa Ny VNN western blot H¥ DHIPIVIIAD DXNNA NWY) DN NY AN

: Far-western-blot 1 ¥pN1Y ©¥901N0 OYA5WN onbd

TenY PBS 992 noyan oy 27hn 9902 YOIR 510502 DTN 1312000, NMIDTRN MLV
,1729N2 0»NoN DINRND YV (blocking) NMoN .MpT 20 Y5 NASMN 192N NOMON ,O1NYVY
172NN 112990 YW KDY 25N Npar 3% -y PBS 9971 noonn Sv nooin INRD nnwy)
NAVWI NN .4°C DY 91V NDON TYNY IX TN 9NV MYV 3-5 TUNY VIR DVOVY
.0.3M K,HpO4 pH 8.8 1919 99122 190V 55 12 510502 MPT wnn Tund Ddnys vidw

ovw N N 0.3M K;HpO4 pH 8.8 0avia 992 v nornna »Nnn ,Npnn 99910 NIvN ,Np

TURY IN YTTNN 90V MYY 3-5 TWNY NPVINI NIV MIVNT .THIINNT TN GOIN YN NHY
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95 12,2050 MPT WHN TUND ,0MIY9 WIDY N0V MI1annn ,mavw .4°C Hv 9901 NYoN

VNN western blot Yy HIPILNAD ONNNA DY PYIND Y 2w PBS-T 911 hovow
ININD N IY DWW DY 87 NNTIN (07129Y NPHN) PVIY TN )TN WIDOYW YY) .2.10.1 Pyoa

WA 1INV 1IN NN IS 1:4000 Sv 5)Hrdna Sigma nyan naxinn aHis tag poon

2w Yo 1:30,000 59032 (Goat anti mouse [gG -Sigma) 125y MP1nn 0T 1D

:Enzyme Linked Immunosorbent -ELISA v ntviNa ©r019 »Hnot .2.10.3

Assay

: ELISA- ACP (Antigen Coated Plate) »a5 nwy) TUMV X ZYMV 00y 1m0 bv "

1 -2 1.59gr Na,COs3 - 2.93gr NaHCO3, 0.2gr NaN3 :5900 9N 19121 1Wnd) DXNNsn
NYLVIN (NPIN 96 NDYINN) NVIH INA D52 .pH 9.6 -5 NNIN NOMINN DPPINI DD DY VD
19NV OONYY TYND  NNTIN NVIN NPINL 2 - Y MYVLIN NANT 9D SNNXN NP 100l
MOV 3 19N INNIY 19202 NVYIN HY NPLVY .4°C SV 9NV NPHN TYNY PNNY N 37°C
NIDIN MO ) MY NVIAY NV .NDVLY YD PA MPT 3 TwnNa N»Iwn oy PBS+Tween oy
203N 90N YoR PBS n%onn nomnn 100ul S nd myvin axa Y53 ONWRIN YTHINN
YINND 37°C HY /9n02 MYV 3 TvNa NNTIN NVYON LN 29N NPAN 1% + DIXNHNN PN
DNPNY DNTIND DI T 2 PINY HMY 11 NN .PBS-T oy mavw widw ysann
MYV 3 Tuna 7N Nvoan .1 : 5,000 :mna Goat anti Rabbit Conjugate (Sigma) n2)Ix3
LILONID 1M1 HN ,VIVIN NN .PBS-T oy mavw vidw wy) qunna 37°C b 19nva
LIVLIDN GOIN DPPIN O WY1 0.2gr NaNs - 1y 97ml diethanolamine : 9500 pH 9.8
INIPI YAND MNP DTy .yaN INPR NYapY 0.6mg/ml p-nitrophenyl phosphate (Sigma)

405nm Yv 93 72 (Anthos reader 2001,Anthos) ELISA Reader -2
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$NIY NN DIINPIVIP DINATIN NN .2.11

oy (Fristorm et al., 1978; Nakato et al., 1990) 0>pIna PN NI MM MOLOW HY DODIAN

N2y M DY NTIAYY DNNHRNND DY

:0999PP0)P DPNRY DINATN HY NPNINY NN HY NDPIVIPN YPIN 11999 POIN N
0129NN HY NN TONIN N2NN TY -80 NPIY NRAPN 1INWI ITDN) NOY MMM SY D 1-5
9912 9OIN TYNNAY 91N JPIN NODINT  NDPNNA OO WNONIA WD) NMINNON .ONINPIVIPN
3mM (PMSF) ,0.15 M NaCl, 20mM Tris-HCI, pH 7.5 :9»9nn TBS Low salt (TBS-L)

.10mM B-Mercaptoethanol (ME) - (AppliChem) Phenyl Methyl Sulfonyl Fluoride
NV YPWNRM PRN 1POYN 2NN ,MPT 5 Tund 8000g 5S¢ 111NN 139N MNNDNTH

OYN 93NN WX TY 09Y9 1901 TBS-L 99122 quwy n)pr oip »pon 012w 5onn ypwnin

OMNIASNND NNPIVIPN OPON DXINN YPYNN DY Q0N NP . PNAY TON POIONN NDVYN DY

11959 NOYA NOMINI MNDTN DY NOVY MYSNNI YY) ,D0INMIUNY NIPIVIPIN PIN DINRY

,0.6 M NaCl , 20mM Tris-HCI, pH 7.5 :n>»nn TBS - High salt (TBS-H) 91y ma) nbn
.10mM B-Mercaptoethanol (ME) -y 3mM (PMSF) Phenyl Methyl Sulfonyl Fluoride

10 -5 qwnY 10,000 g 5S¢ mM7PNN2 NOLYY NVY DI P2 NINDYT OPLINA 122NY MINPNTN

TY DY 90N YNIND YPWNN DV NOVLYN TONN .INWI YPYNM POI0 OYN DN MpT

ATV NN PXNIND NIVNI MADN MLV WYY PN PPOYN 21NN DY PN P nNYap

MOOLY NV .12 OTIP ININY MY 1T 19IN2 TBS-L 9911 moovw rny  : NoNTHn 0nonn

.DONYNATY HY MDD VAR (DN Y5 NYY) 10mM Tris buffer pH 7.0 oy maon

+ 8M Urea :1231N NOMIN NIDIN NOIPIVIP 12V DII0N YPWNN ONX :DINATIND MM .2
MmN 10mM Tris pH, 7.0 + 1% Calcofluor (Sigma) y:9%°nY w 10mM Tris pH, 7.0

Tena 8000g v 1M1PNN 1IN 1910 INKRIY MYV 1-3 TUND ITNN 9NV YVIX DIVOVI YINTIN

.Miracloth 797 19 qON) ©»2PPVIPN DINATINN NN DII9N YPHYN SN, MPT 10

SIINANTN YWY NPT DINAINN MY TNEY WYY DI9P19390 YW APNIN )
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790 7189 Econo-prepl 0DG(Bio-Rad) bv n»p 797 112y Calcofluor oy 18mw mnnonT
35w na 10mM Tris 05 NoNT MY, Urea oy 1xmy mnnmnT .8onTnn Calcofluor -n Yw
MADN MYV 12 HYW NHONT TVNND ,WTNA NHINRT 91912 9ONIN MYV 3 -5 INNY , 4°C -2 907
NN 71R-1T N TN SDS-PAGE 91250 Y52 07990 myNnNa P72 11905019 270N NN
DY NN TNXY NIV DY MM OX 1aNNY N Coomassie NY>A¥A ¥yaN) 5N N TIaNN
DYNPNN OMNIAZNN NPT NP>TAY N (Western blot) D»ILIPIVIP OIMNIATN THID XNID TN

.(Far-western blot) ZYMV 5w 99511 11250 DX M120nn »7y

:SPINTIDIN NTIAYY NYYYS MVIVY .2.12

PN 0¥ 1IN L2.12.1

YNNI IDTY DPTHONN .DNWN D THRDYIN M1 wndw DHSa ypnn Escherichia coli »p1on
-y (BD) 0.5% yeast extract , (Bio Lab) 0.5% NaCl :5»nn (LB) Luria-Bertani Medium
37°CHvanva (AppliChem) 100pug/ml Ampicillin - 97yn2 ™ navna (BD) 1% tryptone
PN NOOINA LB y¥10 1290 mndsn .mavinn DY 1pm 90 wmdv (25ml) »Mvs minby
90IN2 125 W LacZ pin »vra nya 5ind) oyasa mnan 97y nnwyy mavinn Sv nna . 15g/L
20ul -1 100mM IPTG n9»nn nomn 100 pl nnbs 95 9 5y 19910 IWRD (PN HY "l
o1 ,(Novagen) BL21 ypnn E. coli »p7on .(Fermentas) 50 mg/ml X-gal n92nn nodmnn
o MV1aY wmwy (AppliChem) 50 pg/ml n>93 Kanamycin noomna LB ysma

.DMPTONI OMINPVP

: Total RNA npan .2.12.2

1.5ml 999198 nINana wnsy ,0mMv DN NYY MM S0mg X NINNY 1YY MNP 25mg

NP2 Nwyn Mnn EZ-RNA RNA-n npand »non vypa vindy Tin nwuyy Nt Pon

AAMNNNN 2IPIVINNA YINN NIRNIND ORNNA NNWYI NTIAYN .PHRYN-N1a
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1097990599 .2.12.3

N PCR -n »msn vydvwd apnnn 1onna vy (Promega) pGEM-T-easy 100590
.D2IN2 DXVIVNN DN DY DIXDYDIN ¥ NYIAPD DNV (DY) DXVIY

ZYMV oymn om 9w cDNA 91 (Gal-On et al., 1995) pK35SZYMVNOS 71090
.CaMV 35S mvmnan Hv napa nnn (Stratagene) pBluescript KS(+) 7n0592 vawnn

DPTINI OMNIONY 03 N0 TNEY wow (Novagen) pET-28a 1noden

10921000 *ovs DNA npan .2.12.4

.LB+Amp 10 yxn1 37°C Hw 9nva myw 10-15 uns o1 E. coli »p1on 4-5ml

DNNN2 NNYY) Nayn .(BioNeer) »INoDN VP MYNNNI DPTHINNN PN »PNoss DNA

.MANNNN I MINNNY
N 9733 N0 N DNA npan .2.12.5
V¥ M 93010 DNA-D YN .5pwn 5nn  7nm Mxn 972 DNA -0 I 9onn yopnn

oyn DNA Sv o9y oyopnm (BioNeer) m1an bv Gene-Clean »Mnon vp mysnNa

.(Mo-Bio) m1an misimnn vpa vy nuy o>oroa 10,000

:Total RNA mYann mxnxm mMRNA Yv nawyn 7911 .2.12.6

VP MY¥NKI MRNA 5w 15 TP wodw ,00mwn Mo »»nn Total RNA 30-50mg
D MNNNY OXNNA NNWY Nayn .Qiagen n1an Yv  Oligotex mRNA mini-kit »non

mwn cDNA -0 N990 M5NY XXM 9DIND NMIN WY Yapnny mRNA -1 980 ,monsnn
$OMIN L2.12.7

;s DNA -y T4 DNA Ligase , (Restriction enzymes) n92)n 1IN
Fermentas ,Promega : ny1ann Yv ynasinn viw neyd (Pfu; Taq) = DNA Polymerase

MM NPNINY ornNa NNYY) Nayn .NEB- New England Biolabs -
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.Promega n9an n1¥n PCR ready mix 211 PCR vp»a vindw nwuyd
:(RT) Reverse Transcription sspnsy .2.12.8

25y1n1) (AMV) Avian Myeloblastosis Virus S reverse transcriptase D 1IN WINOW NYY)

oxnNa NnvyY) NMayn ,(Chimerx) n7an navnn onMv ribonuclease inhibitor MmN

MANNNT VI MINMND

:109100 (PCR) Polymerase Chain Reaction sno8pNoy 25990 .2.12.9

antisense 5nn 2yl 10pmol/ul 1592 sense 5nn 2ul RT - 0 mospNon -n 2ul cDNA
2.5ul 99 onry oornnn 51 MgCl, W MgSO4 v naown , 10pmol/plnoa
-2 (D02 NN 2.5mM -5) 2.5ul ANTPs .Pfu w Tag 19291910 ©30IND ©XXNN 1912
no nnownd opwn ddH20 Yv noon . Taq W :Pfu : 19991910 030X DY m>ya mpnd 1.5
;DY OMDNI NMYIAY PCR -n nvowa vindy nwuyy mnonn nTayn 1onna .25ul -5 mosproan

LDOVTN DMINPIVIP D) DY NI TIT2 TNXY MNNON YW cDNA ny»190 Sv Nip»o

ZYMV -y TuMV : ©017112 99500 N25N IN ND0VYNN PNIAON NPYY DX TNIPNN DM DY NN
PYINI WY NPIPROIN DN DOIMN DY DD DXVIV IN NPNTIP) NPXVIN NP

.0.2ml 5v nnunan Tina omnn Noon bya PTC-200 ox1nn MJ-Research nvan naxinn
:(transformation) nr89919939v .2.12.10

nLOWa NNWY) ,0Mwn oynnn E. coli »pT1onh onvn omnodan Sy msnmMeavIv
ovIYaMpP E. coli »p1on 50 pl n9ronn mnan x  .(heat shock) on obn Yy nooiann
MNMND KD TNO2aNN Sul H1voin NMIpd -80 npmy Nxapnn vanw (Competent cells)
(DN ©ON) MMV 60 TWNY 42 °C-1 DIXNY NN MIN2NN .MPT 10 Twnd (ligation -nd8NIOY)
(S.0.C) 1wy 5713 ovm 0.3ml 90 .MmpT 10 Tund NP DX 2IW NN MNANRN DD
0.5% Yeast extract, 2.0% tryptone, 10mM NaCl, 2.5mM KCI, 10mM MgCl, :95nn

2502 VTN OYPTIIND .APVPDVIN NN KOY ,20mM MgSO4, 20mM glucose.
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127991 M09 NNOX 1Y WIT) DXPTINN ITHN DINA .NYY TuNd 37 °C S¥ 79101 MONNPINI

DYPNROYANN NI NNNPN MTNRY MPHNN PO ORNNA NIRNN NPPVPVINY (LB) 5ry1m) ysn

.OMYN

$NYVNIIDIIN-Y2 MM .2.13

YNNI NNYY) DINIATNN IN DN DRI DIDMPN 1IN DR ININ /N IN PYI) /N : DN NIRNYD

,(NCBI) National Center for Biotechnology Information Sv 9nxa nsnn BLAST mom

NNONNY IVNRN N 983 NN . http://www.ncbi.nlm.nih.gov/gort/gorf.html ,0390»NN N2INO

DNA 1~ BioEdit 2vnnn n151Na vy mysnxa Nvy) 120NN DY NRDNN INMIPN NNON
8NN Clustal W m)01n2 1w MysnNnNa NRYYI IHRD N IN PYIN /N9 nxnwn .MAN

1o .http://www.ch.embnet.org/software/Clustal W.html : n31m521 vVIIVINRN NWI2

N8N NIDNNN .D2AXT HY 27 1901 YW NINNIVA WINY TN1YNA N NNeD) MultAlin avnnn

nwyTN http://ribosome.toulouse.inra.fr/multalin/multalin.html : 721152 VIV NN NWHA

VIVINN NI NNM¥NN BOXSHADE 3.21 135102 win y MySnNa NNYY) DX DY NIND

cleavage Ty NN »nN nvn.http:// www.ch.embnet.org/software/BOX_form.html : n2ynoa

nvHa MM ,SignalP 3.0 nona vinow mysnxa nwys (SP)Signal peptide v sites

NetGene2 Serverndnn ./http:// www.cbs.dtu.dk/services/SignalP : n311n51 VIIVINN

NN NWY /http://www.cbs.dtu.dk/services/NetGene2 : n21n52 VITVIND NYIA NNINNN

DMNIVYNRN PV (Junction) NNN MTIPI NN OMNIVIRN YV (splicing) TIN NN NN

LDMNVIND DMOPRN P DNOPNRD

L02MWN 11152399 23919 CODNA 19990 5390 .2.14

: DMV MNON 2NN cDNA NP0 MOND MOV YNV VINIYW NYY) NTAYN ToNna
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NN NN VP2 YW vy .M. persicae nNmIoNn NNYRIN MNVIAN N0 MOND
ZAP-cDNA synthesis kit : Stratagene n9an nisinn 0900 DOVYP NV »oNN Stratagene
N MNMNY oxNN2 Nnwyd nMavn ZAP-cDNA GigapackIIl Gold cloning kit -
nwyy ,Clontech n7an ny¥nn SMART 5S¢ noowa nvon N0 vnn 1MoNY  .MoNsnn
n1an nnn SMART cDNA library construction kit :©»INon ©VP Nwa viY
nTayn Stratagene n1an NN ZAP-cDNA GigapacklIIl Gold cloning kit -y Clontech
MOLPY YNRYY NN NN M. persicae  noyn nn»on 0NN MNNNY DXNNA NNUY)

NNITA MNYY MMM ,NMIURIN : MY cDNA N1»I90 WIHYW 121N D01PPVID NN HY D3
DTN D230 WK 200 -0 ,TOWHUM INUYNT 1T DN ,1IVN YN MNNONNM

-0 NNX PI90 NN ,DX0IPPVID YW ANT NNV NPANN A, gOSSYPiT DPND>TN NDY NN
n7vaynn B. brassicae nnonn .nmwn MNNaNIN NIT MNdY Mindon Yapnny cDNA
NMI90 .N90N cDNA 17990 NN DXYNNN NNIWN DXNNY DIYNINN DIDIPPVIY HY I¥ NNV
I NN (D200 NN 5930 TTPNN MONONIVIS cDNA) MNND NMNX WW, O cDNA

.DOVUTN PN NP O>TTPNRN cDNA 7725 91od

035Ny CDNA 7y71ab nbyn n19%5 v cDNA -n m9999 nPiyvo .2.15

:DVIN DIINPIVIP

opYN ,ovNN HY 1770 MysnNa cDNA -0 ny190 v npod  PCR mspNoa vy
PYNN N 987 ON IMRMN ) OKR 9NN .4 'on noav R (Degenerate primers) 020037

77N 7203NY Y1 YY THNDNA ©NYN R&R -1 NN IR NDMONNDN MMV IPHNX N TTHIPHNN
: DMVYN DODNNN NMWIDIN DPON DINNYN DN 1PNY .9 /DN NNNN NN ,DMINN DXPIN DY

TGDxKSQ, GDVVG - ,RR-1 »non pn omaxnn PDG -y ADENG(Y/F) ,GAHLP

.9 01 Mmn NI ,RR-2 non prn oaronnn NGFNAVV -y RTVXYTAD
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RR-1
GxxxYxxPDGxxxxxx YXADENG(Y/F)QPxGAHLP

RR-2
RYxVxDxxTGDxKSQXExRxGD-VVxGxYSLXExDGxxRTVxY TADxxNGFNAVV

omavna ormwn RR-2 -9 RR-1 »om CONSENSUS ~N 29893 19XN /N 989 .9 9901 1IN
LDVUN DYPINN DY OMINPIVIPH

PR N ¥ X NDPON .0MYN DXPINT DIYITN P7NN 212 MNNDY INSNDI G812 MYINNT IR N
NN N QNI DINN .N2T NNV I NHPPNN NNNDN NN 'ND NPV INRY DIPID NN MINNI

0y cDNA n»19010 P7NY 023N TITAY ,0OXIPRN DOONN 1NONY WY ,NYXTNA DIMIDNN

-1 YV NONPN G¥IN IR 7129 77vna PCR npspnoad template -5 ywmw cDNA -0 n»ao

DMIPYY DAYV MNVYIA NYY) PONNN .DOVTN DPINPPOIP DMNIAOND OTTPNRN MY cDNA
25V . 401N NY2V VNV DMVYN DIONNNN K7D HYW DXDIDIN 987 .10 701N NN DININDN

5nn2) Mwn R&R -0 anxD ooxnnn (degenerate) »1°073)T sense HNNA YW WY )TWRIN
»995 i M 9NN (T) Thymine yywn 'n Yv ooo31 17 Donn (Poly T) antisense oown
mRNA -1 2771 oY 057N N (A) Adenine  PYND /NN 257101 987 HN DRMN)
TTPN owLPHNNN K7D 0aApnnv PCR -n »n  (0mvonn bv 1ON Ta9n) eukaryote

TNROYAN ON TN ,(NA5NN DY C -N N¥PY T R&R -1 9N 10T, p7nn YW 10N O8NnD

N7 INRY ,DMYN DITNNRN DR 91N 0 HoYs .E. coli »p7na vawy pGEM-T easy
PYNY OXTTIPNI INNMIN NDAPNNY PYNN /N OANT .PYIN N 87 NYIPY INOUN 1PN ,00pT»Na

D% OX IXNYN NIvannn NCBI 5w v30»xn AanNa msnn BLAST mownn mysnNa
DPMNN MNY DRNIN (5'Trip) sense HNN2 LYW NYYI MV 21OWa .0 P32 OMININ
cDNA -noyopn »n7Mn 1 (MCS) Multiple Cloning Site -n nbyna) pTriplEx 100592
3" TTPNRN AMND PO OONID G¥ID OXMNN antl sense NY NN (NNNONN DINWN

89 ¥2P) , 0P THNA LIV PIPRIN INRD YapnnY PCR-N 980 .untranslated region (UTR)
NN APPVIPN NIAZNY TTIPNN DIV DIDIDIAN G¥IN NN 919 NI D NPINY L PYIN /N

-1 NP MY DMPNAD DONN PNION INKRD NYYI PN K7D TTIPnn cDNA -0 931 5w qon
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ov RNA -n 55o51n nonn qean Ty [ 3'UTR Sv nnn 8y S'UTR Hv oo Y8 cDNA

PIRY TN INYNY NNINY 98 VY DaPNNY 9NN ,RT-PCR Sv 7 8pNoa ninnon

M. noyn nmoa 0»INPP,IP 00 cDNA TYy1ab ,omvn ©YNNN VY .4 990N NYaV

.00 ON1) pe rsicae

Snnn ov G 15 ceversssssessoeesassasanans NI Y¥eirvvvvvnnnnnnnnnss'3  NANNN
PN DOWN
1-abv :MNWN cDNA -n NYI90 DY NP0
Gdvvl1 X 5'GGNGAYGTNGTCMARGGN 3' RR-2
Adengl X 5'GCTGACGARAACGGWTWC 3' RR-1
Adeng2 X 5GCAGACGAAAACGGWTWY 3' RR-1
Adeng3 X 5GCHGACGAAAATGGWTWC 3' RR-1
Adeng4 X 5GCHGACGAAAACGGWTWT 3' RR-1
Adeng5 X 5GCCGAYGAAAACGGWTAY 3' RR-1
Adeng6 X 5'GCHGACGAAAACGGWTTY 3' RR-1
Poly-T X 5'T(x17)(AGC)3' mRNA
2-3%v : DMV DMINPOVIP DI cDNA T2
5'Tripl X 5CTCGGGAAGCGCGCCATTGTGTTGGT 3' pTriplEX
3'Mpcp2 X 5'ATAACCTGTTTTGGTCTTGGTTTCGGGC 3' MpCP2
5'Mpcp2 X 5CAACATGAAGGTATTCATCATTCTGCCG 3' MpCP2
3'Mpcp3 X 5'GAAATAATTAGTACGATGG 3' MpCP3
5'dMpep3 X 5TACGGCCGGGATGGTAAGC 3' MpCP3
3'Mpcp4 X  5'CTTCTTTTTGGAGCCTTCTGG 3' MpCP4
5'Mpcp4 X 5'CAACATGCAGGTCACATTTGTC 3' MpCP4
3'Mpcp5 X 5'GCTTCTTTTTGGAGTCTTCTGG 3' MpCP5
5'Mpcp5 X 5'ATCATCATGAACACTTTGGTA 3' MpCP5
3'Mpcp? X 5SGTGTTCAATAGTGGTAAACC 3' Mpcp?
3-25v :1DY MO HY 0N 001N MpCPS5 -y MpCP2 5w cDNA -n 87 TYyP2
'5-CP2 X 5' AGACTCAACAACCTCTTCAACATG 3' MpCP2
3'-CP2 X 5'TGTAATAAACGTTTANCAATAACC 3' MpCP2
'5-CP5 X 5' GGTACACGTCCGAAAAAAATCATCATG 3' MpCP5
3'-CP5 X 5'GTTACATGCGGGCTGGGTNTACTT 3' MpCP5

N=(A,G,C,T); H=(A,C,T); W=(A,T); Y=(C,T) :Degenerate bases 0207171 0¥0010 M»NH
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F: R&R

1. PCR on the cDNA library >
R&R AAA(n)
2. Cloning ‘R:Poly T
3. Sequence R&R 3’
pGEM-T-easy

4. Design a specific primer for the 3’

F: 5'Trip
5. PCR on the cDNA library R&R

6. Cloning “R: 3’end

7. Full sequence of the CuP gene

pGEM-T-easy

CDNA -n »499091n CDNA 7935 09990 £%5%N Y AR NINHNN N19%90 .10 9901 NANNn

.Myzus persicae n9¥n H1292 014NPIVIP BINATN NPWY DITTPNRN

: 0PN NYHY NI BINPIVIP BINAVNY B MV .2.16

My¥NNA NN RR-1 non MpCPS p7no cDNA -1 9891 RR-2 nwon MpCP2 pn pin 939
920 NXI) D7IN DMINNN NI 2AXID NPAONID MMM WX 0ONNA vinow TN PCR - mospxo
T1PNRN ATG nonnn PPy Ncol -nH2xnn DXNIND TINN NN D¥0nN 21NN Y10 SNn (5 /0N
TN NN 9991 DOWNN DYTH0 DNN MININ PNIAYNA N-N NPN DY 57 N8P PINHN IDHNRD 'ND
NPER 1Ay Xhol -y Ncol omdnnn 1 Sy 1dvnny n1nn »xn Xhol -ndaxnn ond

.Ncol -y Xhol 7nonn »nx 135 0y 7Ny 9wN (Novagen) pET-28a 1nobad
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DY DMINPOVIPN DMIATNN MNVIAD DOXVPIVLONPN MOND DMNMYN DINNN VI .5 990N NYav

.Escherichia coli »p7>na Myzus persicae nn»on

ISOIPIN
SHnn ov 75 reererreeerreessrnessrreeens I 8% iiiiiireeniineen '3 NONDD
\Pn oowUn
Ncol ACP2 X TACCATGGCAACCGACGTAGTCTTAACCGGT MpCP2
Xhol CP2 X  GTGCICGAGATAACCTGTTTTGGTC TTGGTTTC  MpCP2
Ncol ACP5 X TACCATGGCCCCGCCTAAGGAAGCTGC MpCP5
Xhol CP5 X  GTGCICGAGCTTCTTTTTGGAGTCT TCTGG MpCP5

Ncol D )IRY 771971 INN : PNNNN 1P PNIDN DINIYN NIINN MIIND NI INN NNNNN 0D 02N 987
911 ©YONNN .(anti sense) DYOwNN SNNA Mxn Xhol DIWIXRY 779NN INN (sense ) 131NN INNA N8N
nono Myzus persicae nno5nn MpCP5 Sv ¢cDNA qxm MpCP2 5w pin 981 mand wmdv

.Escherichia coli »p7>na 1550 012900 Sv »1v325 DXOPIvONPN

Ncol Tmnn »nx ya pET-28a 1nodan Y8 MpCPS -y MpCP2 5w cDNA -1 »yopn ny1nn

PPOVDN IHRN /N Y DINY NYIWD TTIPNHN THDYIL NN G811 widw nIvax  Xhol -

MADN AIRYN INTIOM XV PIATNN NPANIY XVIAN NadNn Yv C -n N8pa (6His-tag)

.(Ni-NTA) 52 YN 010NN 7Y MYOP HY NODIINN NVIVA PTONN

E. >p71on 58 v1mn pET-28a+Mpcep5 -y pET-28a+Mpcp2 : 05PN NN D2751010 DX NP9
95 MNP NP>715 PCR mspnoia w123 wapnnw mavinn .(Novagen) BL21 ypnn coli

LDMINPOVIPN DMINNN THN DI 912y DMNID DXINNI YIDY TIN DN DINNN TN

12 qunY 50 pg/ml no»1a (Kan) Kanamycin nproy20Ix naoIina LB yyna w1y o0p1nn
SV IV YNNI AN NON TN YTV P TIRN PnInn 100ul  37°c Sv 1anva myw
0.2 - 0.3 5v (0.D) nyHa5 1y 37°C S '9nva myvw 3 Tuna w1 10ml naxa LB+Kan
TYNRM N2AON Y 120 NV NYAPY ITmM HvHrap 11512 IPTG naoin .(600nm Sv ) 7782
NIND OOPTONN ,ITHN O OY .MM MYV 4 Tund 37°C 5w 9nva opTINN YW DI11)
YINY WYY DYPTINN DX DYON Dapnnv ypwnn 4°C -a mpT 15 qund 5000 g mynna

50 9910 nNoNIN M YV Iml -2 9N DOPTOINN YPWN .XVIAND NIAOND DY NPIN NPON
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.0.1 mM EDTA 1mM DTT ,1 mM PMSF, 6 mM MgCl, o1 vox mM Tris-HCI pH 7.6
191 INKRD .OMI VNN NIYIN TN JPINT NRIPN DY MIN VDY MY NIV 1Y DPTOINN
MPT 60 TUND NP2 DTN MNPRAIN .2mM S )90 115779 (Sigma) D3N DININRND G0N
50U/ml 5w »ayo 191Y (Sigma) DNAse 1 mooin mysnxa nwy) YoNMVPAN DIND PN

(MSPIND) MO 932 9190 NI2Y NP MINHN XONTN .ITHN 9NV MPT 10 TYNRD MIDIPIN)

P79 Y829 7N YY L(DINNHND P2 NPP DMWY 20 -1 NN 992 NPV 30 YW DX NN NYIINT)

MV Y axna 08NN (Inclusion-bodies) 7ONN Y97 P19 TNIDY DPTHNN DY qON

UIN DIVHYY M HY 191D 11399 NYaPY MNPANTN YN Urea nooin .oopT»Na 0mM1aon Hv am
=N7 a¥N2 PASN HAPY 0NVNYN 1IN JNA MNDNTI P NHYY ,NYY TUNY 91NN /onva

INWI ORI PPOYN D3NN MPT 10 Twnd 5000g S¥ mMdnmna 1970 PTHINN NNHNN 20NV

.4°C 5w 9nva

o39nn YW n79909 NIi-NTA - 9N P2t YW 1299901993 Widy .2.17

:0P72203 DNV INNRY O1INPIVIP

PON (resin) §Iva YindY MYNHNNI PTONN MIADN IRVHD TINN DOPTHNI RV NIAOND
DY NY DI YD Nt a8na L(Ni) Yp» -y (Nitrilotriacetic acid) NTA modnp owvp
12 Ni-NTA 5920 .PPODN WNRD /N DY DY MY NMYPD) )N DONDNN DMNI DXIPN
30ml 9o NN 10ml SX :nTI9nNn TONN PNY .Qiagen NIIN NIXIND NN VDY YY)

DY 3 QUYI WX 50% S¥ N2 NEHIN NN Iml Ni-NTA - no>owm W pn 991an
DV 1anva NYY TYNY MHOVIX MIPNNA NAINY NDIYNN VIV DIV NDVYM NYPN 19112

mnany qoxy Ni-NTA -0 ypwn .1,000g S¥ m»nna mpT 2 -5 1Mo narynn .4°C
11D NDOLYY NDVLY P2 .NYEY NN NDIINNY TY NXMIN 19122 DY 190N qowN 1.5ml
MMOVY MYSNNRI YY) N0 XY NP NN .1,000g S¥ M PN mMpT 2 -5 nNann

oN2oNN MNY . 10mM - 75mM Imidazole : 513 70°K Sy 09I DI9INN DINNI DI
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NYPN 1921 1ml NAvIN 7y YUY MYRT NINY .00V MY YUY IP0INN OO INPI0IPN
5 -5 TwnNY 510502 NNTIN 8INTN .250mM Imidazole S¥ 1157795 HIPIN GOIN POX NPVYM
NMoX) Ni-NTA -n 5w nypwn qwax 1,000g S m1dnmna mpT 2 -5 Jund qon 150 .mpT
MWPN 992 YY Iml novn NS WY Y mSION (Elution-1) pwxIn mSIOND D)
2 -5 TUNY 90N MDD .MPT 15 TUnd VIR 1270 250mM  Hw 1n15>12 EDTA 5nn norowm
MNWUN NORD O HY MoXy Ni-NTA nypwn nx qwax 1,000g v m»nnay mpt

.(Elution-2)

$ 02299922V OINATN 1239 NAIIND DPVAY 29 DTN N3N .2.18

Ni- Yv nvowa) PTNN M1AoNN oNTIaN INRY MpCPS -y MpCP2 o»m)p oipn oomavnn

27717 XN TN DM2ONN HYOPN NwN 87 .12% SDS-PAGE ommadn 571 y1an (NTA
DPNRNN DIV IMNT NYOX TNXD NIATNINMNND N 987 NYIAPD NHWI)

2ml 5¥ MNIURI RONT ODIIVIT 28N IN VI A¥NI PIAYN SV 1Img -5 PINN NP Y2
.(Pre-immune serum) NP2 NWIIWY NPYTAD NAINRD JIND MPIN 0T

>v 1Img n»onn 0.05M KoHPO4 vap1o 9911 Hw Nomn SR :NIND MIWNRI NpItn .3
-NN APRNY NPNX POIMN NPYY 1 ml Adjuvant Complete  qon 1ml Y N3 PNavnNn
STPN ON Y

Sv 0.5mg 1127y NP 952 .NPNN DI P2 DYV DY DIWIANT MADN MPITN 3 10 4
I ml Adjuvant oy 0.05M K,;HPO4 vaDs 9,2 Hv nodmna nsnn 1ml v naa ynasnn
.PINY MOYINRND NPYY Incomplete

I 01N .western-blot NPYTa0 NINRNN OT 10ml -5 PN OWOWN NPIIIN INND MY .5
TUNno 4°C -5 920 191 INRD TYIpY o»nyw Tund 37°C S 9N 92N NIRD JIND
MIN2) ONTHIND MK .MPT 10 Twn> 6,000g MIPNN2 1IDID2 WAIPN I TINN 2P0IN .NIMON

2.10.1 9yoa ndyn aNInNnd western-blot Hw NHHINA
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:ZYMV Yy 0220099)N DIVawa vinty .2.19

Nprn) T7 720m19 Sv 1Ipa nnn ZYMV oymn bv odwn RNA -n om Yv cDNA
T7 "omom nvn (Gal-On et al.,1991) pBluescript KS(+)1nodo1 vaw ,0p1on
VIPDITV NYY TNY N ,199 *nNN¥N RNA Polymerase D 1Nm >y NNt NONY OpT1IN)
0I5 T7 - 1IN DY INAONN .0 DXNNNN DY NPATH TNSY NTayna (MRNA)

v NpNNN 0y M) CaMV- Cauliflower Mosaic Virus >nny DNA 012 ympnw 35S
P DY NPANOY MYNNINI NADNI RIWIP SNNS DY TNOYON DY NPY NPATH IWON (717217100

ZYMV -1 oonnsn bv oy npatn nyapnm (Particle bombardment) oy pbn
SV YDLPIPND VIYN NN DN TNOYON SN .(Gal-On et al., 1995; Gal-On et al., 1997)

N125N YW HOPNPIV N - NXPA PPV INANRD N OV 7 DY NIDIND DNTP 190N ZYMV
YNIN NNXNN 99NN PNIATN NPAND WY KIOP dNNY DY DI NPATH IWIR 1Y LAY .I9DNN

MY VIYA 27 VIDY YY) PNoNN Ipnnn Tonna (Kadoury et al.,1998) Ni-NTA nmysnxa
ZYMV-His-HC otwa na8pa nMayn quinna nNomn Xim ,DMYN DMDNN MINdID
ZY-H-ELSC vavn nond viw nuyy ona ZYMV Sv oovav

Yo (K) wmnxn /n naconnd nonmipy xvm 9onn ZYMV-HCA9aaELSC »20opayn vav
90N DOV APY .HNON PTN DX NP 2D Wwnin KLSC anxa mnowoy n (E) -2

VVELSC 71wn 9nRN 987 NOYN2 NN N9 -2 11100 0Y0°010 937 1nn 7omin (deletion)
MINNIND 2992 28 990N NNNN N

TTPNN DO 6282 YV YN yopn onn ZYMV-His-HC-ELASac sub clone Tnobs

NIb 12a5n Sw ndnnnn T¥ 950N a5nn pond
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Abstract

This paper reports on the first aphids’ cuticular proteins. One gdpepl) was obtained by screening a cDNA library Mfyzus
persicae with antibodies to a lepidopteran cuticle protein. MpCP1 presents a putative signal peptide, a central extended R&R
domain, flanked by N- and C-terminal repeats of alanine, tyrosine and proline. The mRMAcpl could be detected in a larval
and in adult stages. Primers basedMpcpl allowed isolating and comparing cuticle protein genes from five aphid species, but
not from whitefly or thrips. Comparison revealed a high degree of similarity. Data from this paper suggest that this cuticle protein
family is typical and predominant to aphids. The conformation of these cuticle proteins and the significance on particular properties
of aphid cuticle is discussed.
[0 2003 Elsevier Science Ltd. All rights reserved.

Keywords: Cuticle proteins; Aphids; R&R domain

1. Introduction that the cuticle is not an inert structure but an organ with
developmental dynamic<Chihara et al., 1982; Marcu
The insect exoskeleton, known as the cuticle, is com- and Locke, 1998; Csikos et al., 199@ 33 amino acids
posed of chitin filaments (a polymer @f1-4-linked N- (aa) conserved region has been observed in over 50%
acetyl-D-glucosamine) embedded in a protein matrix. of the CuPs sequences reported from insects until now
The cuticle serves as an integument providing protection (Rebers and Riddiford, 1988; Iconomidou et al., 1999
to inner tissues. It also functions as a structural skeletonThis conserved region was named R&R consensus. More
providing support and strength. The cuticle protein recently, it has been demonstrated that a 68 aa of the
(CuP) component seems to dictate the function of differ- extended R&R motif corresponds to a chitin-binding
ent cuticles (within the same insect and/or among differ- domain Rebers and Willis, 2001 Andersen (1998)
ent insects) (for review se®ndersen et al., 1995; Willis, comparing specific motives within the R&R consensus
1999. The nature and sequence of CuP have beenfrom several insects, has proposed classifying them into
determined within the last few years for several insects two subgroups, RR-1 and RR-2, which correspond
from different orders, e.g. Diptera, Lepidoptera and mainly to so-called ‘soft’ and ‘hard’ CuPs, respectively.

Coleoptera Andersen et al., 1997TCharles et al., 1997 The aim of this study was to analyze several cuticle
Lampe and Willis, 1994 showing that the CuPs consti- proteins from aphids. Aphids have a complex biology
tute a highly diverse groupAhdersen et al., 1995Also, (Dixon, 1973 and are of special importance as plant

comparison of CuPs in various insect larval stages sug-pests, because they serve as vectors for many plant
gests that some of them are stage-specific. This impliesviruses. Little is known about the cuticle proteins of this
insect group. Aphid stylets are made of cutid®a(rish,
1967). The food canal is the site where the non-persistent
" Corresponding author. Tel#1-072-3-968-3368; fax+1-972-3- plant viruses are attache&dccah, 1986; Raccah_et al.,
956-4976. 2001). Therefore, knowledge of the composition of
E-mail address: braccah@volcani.agri.gov.il (B. Raccah). aphid cuticle proteins may shed light on the mechanism

0965-1748/03/$ - see front matter 2003 Elsevier Science Ltd. All rights reserved.
doi:10.1016/S0965-1748(03)00065-1
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of association between non-persistent plant viruses and
their vector.

2. Materials and methods
2.1. Insects and their hosts

Aphids (Aphididae) Myzus persicae, Sulzer and
Lipaphis erysimi Kaltenbach were raised on mustard
(Brassica perviridis cv Tendergreen), Aphis gossypii
Glover on squash (Cucurbita pepo cv. Ma ayan), Brev-
icoryne brassicae L. on cabbage (Brassica oleracea),
Rhopal osiphum maidis Fitch on corn (Zea mays) and
Aphis fabae Scopoli on black nightshade (Solanum
niger). The whitefly (Aleyrodidae) Bemisia tabaci Gen-
nadius was raised on mustard (B. perviridis cv.
Tendergreen). Insects were kept in individual growth
chambers at about 25 + 3 °C and continuous light.

2.2. Construction of a cDNA library for M. persicae

A cDNA library of M. persicae was constructed using
kits from Stratagene (cCDNA synthesis kit, ZAP-cDNA
synthesis kit, and ZAP-cDNA Gigapacklll Gold cloning
kit). Total RNA was purified from 30 mg of M. persicae,
using the Ultraspec RNA isolation system from Biotecx
Laboratories Inc. The mRNAs were purified from the
total RNA with the Oligotex mMRNA mini-kit from
Qiagen. The purified mRNA served as template for
cDNA library construction according to the manufac-
turer’s instructions (Stratagene).

2.3. Screening with anti-CuP antibody

Recombinant phage plagues were visualized by their
reaction with an anti-cuticle antiserum. A polyclona
antiserum raised against CuPs of Manduca sexta (kindly
provided by L. Riddiford, University of Washington in
Sezattle) was used.

2.4. Sequencing and sequence analysis

DNA plasmids were purified with a Sigma miniprep
kit, and sequenced by the Molecular Biotechnology
Center (MBC), Rehovot, Israel. Nucleotide and amino
acid seguences were analyzed and aligned with DNA-
MAN software, and with Clustal W. Sequence similarity
was searched using the Basic Local Alignment Search
Tool (BLAST) (http://www.ncbi.nim.nih.gov/BLASTY/).

2.5. Isolation of cuticular genes from different aphid
species

Total RNA was extracted by grinding 50 mg of liquid
nitrogen frozen aphids using the EZ-RNA kit (Kibbutz
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Beit Haemek, Isradl), and served as template for RT-
PCR. Reverse transcription was carried out with Avian
myeloblastosis reverse transcriptase (CHIMERX, USA),
with CuP5 primer (Table 1), and cDNA was amplified
by a PCR reaction using Pfu turbo (Stratagene) or Tag
polymerase, with CuP3 and CuP5 primers (Table 1).
PCR products were cloned in pGEM-T Easy plasmid
(Promega). Presence of the CuP gene in Thrips tabaci
was screened through a cDNA library that was created
and kindly provided by U. Lavi (The Volcani Center,
Bet Dagan, Isradl).

3. Results

3.1. Cloning of cuticular protein genes from Myzus
persicae cDNA library

A cDNA library of M. persicae has been constructed.
This library was later used to isolate a recombinant
phage. The protein expressed by the recombinant phage
reacted with a polyclonal antibody to a cuticle protein
(CuP) from Manduca sexta. BLAST sequence analysis
of the phage insert confirmed its identity as a CuP gene,
726 nucleotides (nt) long representing its 3' end portion.
The 5" end of the gene was retrieved by PCR screening
of the phage population using a specific reverse primer
(CuP2) (Table 1), and the universal primer T3 (present
in ZAP vector, at the 5" side of the insert). In order to
complement the 31 nt missing at the 5’ end, 5'-RACE
from total aphid RNA was performed with the 5'/3’
RACE Kit of Boehringer, using the CuP2 primer. The
full-length sequence of the aphid CuP is given in Fig. 1.
This gene was deposited in GenBank (accession number:
AF435075), and is referred to here as Mpcpl. The
Mpcpl gene is composed of two untranslated regions
(UTR) at the 5’ and 3’ ends (72 and 122 nt, respectively)
and an open reading frame (ORF) of 678 nt. The starting
codon ATG (position 73) is preceded by the sequence
CAAA, which is in accordance with the (C/A)AA(A/C)
consensus tranglation initiation site of Drosophila
(Cavener, 1987). According to a prediction
(http://www.cbs.dtu.dk/services/SignalP/), a putative
cleavage of signal peptide is present between amino
acids 18 and 19. Putative polyadenylation motif,
AATAAA, is present at position 828, 22 nt upstream to
the end of the gene.

3.2. Deduced protein sequence of the aphid cuticle
protein

The deduced size of the newly reported MpCPL is
226 aa. Its structure revealed four regions. a short signal
peptide (18 aa) (Sin Fig. 2), which is probably digested
in mature CuP; a region of repeated motives at the N-
terminal with 53 aa (designated N-terminal repeats); a
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Table 1
Primers used for retrieval of cuticle genes

Primer Orientation Position (nt) Sequence

CP2 Reverse 254-272 5 GAT TCG TGT CCG TAT GTA G 3

CP3 Forward 72-88 5" GGA ATT CAA TGG CAT

CP5 Reverse 743-760 5" CCG CTC GAG TTT AGC TTA GTA AGC CG &

NGFN Forward 438-460 5" AC ACC GCT AGC GAC TAC AAC GGT TTC AACGCC G %
Poly-T Reverse 856-881 5" T(x25)(AGCT)3’

Position of the primers according to Mpcpl. For subsequent cloning purposes, some primers have been designed with extra nucleotides (in bold)
and with restriction sites (in italics).

1/ 31/
GAA CAA TCA CCA ACG TTT GAT CTG TAA CTG TCG CAA TTC AAG CAC ACA AAT ACA GCC CCT
61/ 1 91/7

AAA ACC ATC AAA ATG GCA TAC ATG TTC GTA GTC ATC GCC GCC TCC ATC TTG GCC ACC GCC
M A Y M F v v I A A S I L A T A

121/17 151/27

TAC GGA TCT CCC GTA GCA GCA CCC ATC TAC GCC GCT GGC CCA GCT TAC TCA GCA CCC GCA

Y G+ S P v A A P I Y A A G P A Y S A P A

181/37 211/47

TAC TCT GCT GCC CCG GCA TAT GCT GCA CCC TCT TCA TAC TCT GCT CCT TCT TAC ARA CCC

Y S A A P A Y A A P S S Y S A P S Y K P

241/57 271/67

GCT TAC AAA CCA GCA GCA TAC GGA CAC GAA TCT TAC GAT GCC CCA GCT CCA TAC AAC TTC

a Y K P A A Y G H E S Y D A P A P Y N

301/77 331/87

GAA TAC AGC GTA AAC GAC CCA CAC ACC TAC GAC GTC AAG AGC CAA TCT GAA TAC GCC GAC

E Y S v N D P H T Y D v K S Q S E Y A D

361/97 391/107

GGA AAC GGT TAC GTC AAG GGA TCC TAC AGT CTG GTC GAA CCC GAC GGT TCC ACC CGC ACT

G N G Y vV _K G S Y s L v E P D G S T R T

421/117 451/127

GTC GAA TAC ACC GCT GAC GAC TAC AAC GGT TTC AAC GCC GTC GTC AAG AAG GAA GGT GGA

v E Y T A D D Y N G F N A Vv Vv K K E G G

481/137 511/147

TAC GCT GCA CCA GCT TAC TCT GCA CCA GCA TAC TCT GCA CCA GCC TAC AAG GCC CCA GCT

Y A A P A Y S A P A Y S A P A Y K A P A

541/157 571/167

TAC GCT GCC CCA GCC TAC TCT GCA CCA GCC TAC AAG GCC CCA GCT TAC GCT GCA CCA GCT

Y A A P A Y S A P A Y K A P A Y A A P A

601/177 631/187

TAC TCT GCA CCA GCC TAC AAG TCC CCA TCT TAC TCT GCC CCG GCC TAC AAA GCC CCA TAC

Y S A P A Y K S P S Y S A P A Y X A P Y

661/197 691/207

TCC GCT CCC TCA TAC TCC GCC CCA GCC TAC ARG GCC CCG TCT TAC TCC GCA CCA GCT TAC

S A P S Y S A P A Y K A P S Y S A P A Y

721/217 751/227

TCC GCC CCA GCT TAC GCT GCC CCG GCT TAC TAA GCT AAA CAT TTG ACT TTT CAA AAT CAA

S A P A Y A A P A Y

781/ 811/
AAT GTC ACT TCT AAT TTA TTG TTA TTT ATT TAT TTA AAT GTG AAT ATA ATA AAC AAT TAA
841/ 871/

TAT TTG CAA ATC CGT AAA AAA AAA AAA AAA AAA AA

Fig. 1. Nucleotide sequence of Myzus persicae cuticular protein gene, Mpcpl, and deduced primary structure of MpCP1. Amino-acid residues
are shown above the nucleotide sequence and numbered from the first methionine residue. Sixty-three residues of the extended R&R domain are
underlined, with the conserved amino-acids of ‘hard’ cuticle in bold (according to Iconomidou et al., 1999). The putative signa peptide isin italics
and its suggested cleavage site is indicated by [+]. The putative polyadenylation signal sequence is double-underlined.

7

N- terminal R&R Chitin C- terminal
repeats Binding Domain repeats
%

1 19 74 137 226
Fig. 2. Schematic representation of the primary structure of MpCPL1. S stands for the signal peptide.

third and central region extending from position 74 to repeats regions tend to be hydrophobic (data not shown).
136 aa (representing the extended R& R consensus), and Sequence similarity search by BLAST of the centra
a fourth region with numerous repeated motives at the region suggested that it corresponds to the extended R&
C-terminal (designated C-terminal repeats) with 90 aa R chitin-binding domain, showing high sequence simi-
(Fig. 2). The centra domain is mostly hydrophilic, larity with that of subgroup RR-2 CuPs, mainly found
whereas the N-termina repeats and the C-terminal in hard cuticle proteins of other insects (Fig. 3). Both
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DmCG7072
AgCP6435
BmWCP6
TmACP20
LmACP8
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* kK kk kok ok kok ok R

Fig. 3. Alignment of the chitin-binding domain of MpCP1 (this study) with comparable regions of other genes retrieved by BLAST. Proteins that
showed highest sequence similarity to MpCPL, are presented. DmCG7072: sequence from total genome sequencing project of Drosophila melanogas-
ter (has not been submitted as cuticular protein) [AAF50443]; AgCP6435: as previous, sequence from total genome sequencing project of Anopheles
gambiae (putative has not been submitted as cuticular protein) [EAA10827], BmWCP6: cuticular protein from wing disc of Bombyx mori
[BAB32481], TmMACP20: cuticular protein of adult Tenebrio molitor [CAA45057], LmACPS: cuticular protein of adult Locusta migratoria [P11734].
Alignments were created with ClustaW and shading was done with BOXSHADE 3.21. Consensus is shown at the bottom with (.) indicating

conserved substitutions and (*) indicating identities.

the N-terminal and C-terminal regions are rich in ala
nine, proline and tyrosine. However, they differ in the
arrangement of the repeats. In the N-terminal the repeats
are not evenly distributed, whereas in the C-terminal
their arrangement is extremely consistent. Proline is fre-
guent in both terminals and dispersed among every four,
five or six residues. The C-terminal is characterized by
the presence of a unique stretch of the motif
(A/SIK)APAY, repeated 14 times, plus four repeats in
an atered motif (three ‘(K/S)(A/S)PSY’ and one
‘KAPY’). The 18 prolines are evenly distributed every
five residues (except for position 199, where a residue
is missing in the upstream motif). Interestingly, BLAST
analysis of a short repeat of the (A/SIK)APAY motif
shows high degree of sequence identity to regions of
severa insect CuPs, but also with several proteins of a
non-chitin-binding nature such as a vitelline membrane
protein (from Drosophila melanogaster), a chorion pro-
tein (Ceratitis capitata), a non identified protein (with
no R&R consensus) from Anopheles gambiae, and with
the C-terminal of an even more distant RNA-polymerase
sub-unit of Protist (Fig. 4).

3.3. Retrieval of the homologous cuticular protein
gene from six aphid species

The homologous ORF was isolated by RT-PCR using
the primers CuP3 and CuP5, flanking the Mpcpl ORF

MpCP1: 1 AAPAY-==== SAPAY----- SAPAY----= KAPAY===--. ARPAY===== SAPAY
DmVM26AB: 68 AAQAY--SAPAAPAY--SAPAAPAY--SAPAAPAY--SAPAAPAY--SAPAAPAY
AgCP6333: 131 APVAY----- AAPAY--—--, AAHAY-----, AAPAY-----, AAHAY----- AAPAY

BmCPA: 107 ARPAF--——— SAASY-————-. AAPVY SAASY AAPAY SAASY

CcS19CHOR: 184 SVPAPSY---SAPAPSY---SAPAPSY---SAPAPSY---SAPSSSY---AAPAPASY
Ce5K96: 97 AAPAY-APALGAPAY-APALAAPAY-APGLAAPAF--APAPVVAAAPAL--APAY
MiRPB1:1600 ASPAY—--SPASPAY—--SPASPAY-—-SPASPAY—--SPASPAY---SPASPAY

TmPCP-C1B: 87 AAPVAAY---AAPIA-TAAYAAPVA-HAAYAAPVA-HAAYAAPVA-HAAYAAPVA

LmACP21: 16 AARAY-=-=---, -AAPVAY----AAPALR---—AAPVAY----AAPAV--AKVAAPVAY

Repeat: PY PY PY PY PY

Fig. 4. Alignment of six repeats of MpCP1 with other genes retrieved
by BLAST. DmVM26AB: Vitelline membrane protein precursor of
Drosophila melanogaster [P13238], AgCP6333: sequence from total
genome sequencing project of Anopheles gambiae (unidentified
protein) [EAA11236.1], BmCPA: cuticle protein of Bombyx mori
[BAC10661.1], CcS19CHOR: chorion protein of Ceratitis capitata
[CAAT70118.1], Ce5K96: putative membrane protein of Caenorhab-
ditis elegans [NP_505480.1], MiRPB1: DNA-dependent RNA poly-
merase |l largest subunit of Mastigamoeba invertens [AAC62246.1],
TmPCP-C1B: pupa cuticle protein of Tenebrio molitor [P80684],
LmACP21: cuticle protein of Locusta migratoria [P81225]. Gaps (—)
have been introduced to match the repeats.
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(Table 1) from total RNA of five other aphid species (L.
erysimi, B. brassicae, A. gossypii, R maidis and A.
fabae). The primers were used for RT-PCR from total
RNA of the whitefly B. tabaci and to screen a cDNA
library of the thrips Thrips tabaci. Despite many
attempts, amplification of these non-aphid genes was not
successful. The amplified genes of the five aphid species
were of similar size to Mpcpl. For each gene, at least
two independent clones were sequenced from both sides;

the sequences have been deposited in GenBank
(accession numbers: AY 217538, AY 217539,

AY217540, AY217541, and AY?217542, for LeCP1,
BbCP1, AgCP1, RmCP1, and AfCPl, respectively).
Sequence analysis showed that all the aphid genes shared
close similarity (93 and 95% identity at the nucleotide
and amino acid level, respectively). The putative signal
peptide and a region encompassing the chitin-binding
domain (from aa position 66 to 143) are 100% identical
in all six aphid species. Therefore, the aterations are
present only in the N and C termina repeats region
(Fig. 5).

The dterations in the N-terminal repeats region con-
sist mostly in substitutions of alanine and serine, or
insertions or deletions of these residues. There are two
exceptions, G29 (replacing A29 in R. maidis and missing
in A. gossypii. Also, proline replaces S/A38 in B. bras-
sicae. However, the regular distribution of proline resi-
dues is conserved. Similarly, modifications in the C-ter-
minal repeats region comprised mostly substitutions
among lysine, aanine and serine, without altering the
repeat sequences. A motif is deleted in A. gossypii
(position 158-162). The exception is a threonine that
replaces the consensus A223 in L. erysimi. It is note-
worthy to notice that the modified repeat composed of
four only residues instead of five (193-196 KAPY) is
conserved as a four-residue repeat in all the aphid spec-
ies. Thus, the praline regular distribution is not modified.

The total number of amino acid substitutions among
homologous repeats regions is low. The number of
lysine residues remained unchanged. One additional ser-
ine and one additional alanine residue (out of 28 and
64, respectively) were seen compared with the MpCPL.
Unless proven otherwise, this minute change is not
expected to inflict a mgjor change in conformation.
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MpCPl 27

AfCP1l 27  ----- . A

713

AAGPA.YSAPAYSAAPAYAAPSSYSAPSYKPA.YKPAAYGHESYDAPAPYNFEY 78

LeCPl 27

78

BbCP1 27  —---- JP—— s

78

78

RmCP1 27 S-A--A S-A- A

AgCPL 27  --.--A

80

MpCP1

AfCP1 137

78

137 YARPAYSAPAYSAPAYKAPAYAAPAYSAPAYKAPAYAAPAYSAPAYKSPSYSAPAYKAPYSAPSYSAPAYKAPSYSAPAYSAPAYAAPAY 226

226

LeCP1 137

BbCP1 137

A T--- 226

226

RmCP1 139 K K A

A 228

AgCP1l 137

221

Fig. 5. Alignment of the deduced amino acid sequence among Aphis fabae (Af); Aphis gossypii (Ag); Brevicoryne brassicae (Bb), Lipaphis
erysimi (Le); Myzus persicae (Mp); Rhopalosiphum maidis (Rm). aphid species. Only the regions with alteration are presented. (—) corresponds

to identical residue; and (.) to missing residue.

3.4. ldentification of cuticular protein mRNA in larvae
and adults of M. persicae and L. erysimi

In order to ascertain if there was a transcription of
Mpcpl and Lecpl in the first instar nymph and in apter-
ate and winged adults of M. persicae and L. erysimi
respectively, RT-PCR was performed beginning with
total RNA from whole aphid. The RT step involved
Poly-T followed by a PCR with CuP3 and CuP5 (Table
1). From Fig. 6, it is evident that the gene was amplified
in the first instar larva and in the adults. The control
(PCR reaction directed to the purified RNA without the
RT step) did not yield a product (data not shown). The
identity of Mpcpl and Lecpl was confirmed by sequen-
cing the PCR products of al morphs, thus proving the
presence of mMRNA.

3.5. Isolation of other genes in M. persicae and L.
erysimi

A primer (NGFN, Table 1) was designed for the iso-
lation of additional CuPs from either M. persicae or L.

15 cycles 20 cycles

M A B C D E F
Bp
947-
831-
564-

Fig. 6. RT-PCR amplification of Lecpl at different stages. Lane M:
DNA marker A Hindlll + EcoRI. Lanes A—C and D—F, 15 and 20
cycles of PCR amplifications, respectively. Lanes A and D, apterous
adults; B and E, alate adults, C and F, first instars. Only a representa-
tive gel from Lipaphis erysimi sample is presented, Myzus persicae
gave a similar result.
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erysimi. This forward primer was based on the conserved
‘GFNAVV’ motif of RR-2 type CuP, located in the cen-
tral region of the CuP while the reverse primer was the
Poly-T (Fig. 1). These primers served to retrieve par-
tially the Mpcp2 and Mpcp3 from the cDNA library of
M. persicae. The Lecp2 was retrieved from L. erysimi
by a RT-PCR of total RNA of whole aphids (apterate
and winged adults). This set of primers was expected to
amplify different hard CuP genes. However, the genes
that were obtained, shared close similarity with Mpcpl,
differing mostly in some repeat deletions of C-terminal
repeats region, giving rise to truncated genes (Fig. 7).
In the MpCP2 too the deletion of non-repeat motif exists
(134-137 EGGY). The non-consensua threonine,
located at the C-end of LeCP1, is aso found in the trunc-
ated LeCP2.

4. Discussion

This is the first report cuticular proteins isolated from
aphids. A CuP gene, named Mpcpl, was first isolated
from the green peach aphid M. persicae. MpCP1 has in
common attributes with many other insect CuPs. a sig-
nal-peptide at the N-terminal and the chitin-binding
domain (Rebers and Willis, 2001). The chitin-binding
domain is flanked by two regions with highly consistent
repeats, particularly at its C-terminal (Fig. 2). The puta-
tive 18 aa peptide-signal exhibits hydrophobicity (data
not shown) and its function is believed to allow secretion
of the CuP from the cell (Nielsen et al., 1997). The cen-
tral region represents the extended R&R chitin-binding
domain (lconomidou et al., 1999; Rebers and Willis,
2001). The R&R chitin-binding domain presents the
GFNAVV motif of the protein of the subgroup RR-2,
that is mainly found in a hard cuticle protein of other
insects (Andersen, 1998; Iconomidou et al., 1999). This
conserved region gave the best match with the predicted
Drosophila melanogaster CuP gene (81%).



714

A. Dombrovsky et al. / Insect Biochemistry and Molecular Biology 33 (2003) 709-715

PESAPSYSAPAYKAPSYSAPAYSAPAYAAPAY
S, PYSAPSYSAPAYKAPAYSAPAYSAPAYSTPAY
PAY
)=

G-

Fig. 7. Alignment of the amplified C-terminal of several Myzus persicae and Lipaphis erysimi cuticular proteins. According to MpCP1, alignment
starts at position 126. Gaps (—) have been introduced to match the repeats. Alignments were created with ClustalW and shading was done with
BOXSHADE 3.21. Consensus is shown at the bottom with (.) indicating conserved substitutions and () indicating identities.

Based on Mpcpl sequence, primers were designed to
isolate the homologous gene from five other aphids.
These primers allowed amplification of the gene in al
the tested aphid species. On the other hand, attempts to
isolate the homologous CuP gene from B. tabaci
(Aleyrodidae) or from T. tabaci (Thripidae) did not suc-
ceed, despite their systematic proximity.

These aphid CuP genes shared close similarities at the
amino acid level. They all have an identical chitin-bind-
ing domain and minor alterations in the repeat structures.
In addition, mMRNA of Mpcpl and Lecpl was detected
in the first instar larvae and two adult morphs of M. per-
sicae and L. erysimi (respectively). Finally, we designed
primers to isolate RR-2 CuPs other than MpCPL. Sur-
prisingly, the three genes retrieved (two from M. per-
sicae and one from L. erysimi) were similar to Mpcpl,
encoding CuPs differing mostly in some repeat motif
deletions. These data suggest that this gene family is
rather typical to aphid species. In addition, by analogy to
other insects, it probably comprises the principal protein
component of aphid hard cuticle matrix.

Based on similarities of the primary and secondary
structures of a soft CuP from the lepidopteran Hyalo-
phora cecropia (Iconomidou et al., 2001) and the bovine
plasma retinol-binding protein, from which the folding
has been determined (Zanotti et al., 1994), Hamodrakas
et a., (2002) proposed a structural model of the chitin-
binding domain. The basic folding structure that has
been proposed was an antiparallel 3-pleated sheet half
barrel interacting with chitin chains. We checked that
the chitin-binding domain of MpCP1 fit this folding
structure, using the Swiss-PdbViewer program
(http://us.expasy.org/spdbv/) (data not shown). In aphid
genes, this central domain is flanked by the N- and C-
terminals that are characterized by numerous repeats of
alanine, proline and tyrosine. In the N-terminal, these
repeats are not evenly arranged, but proline itself is
present at about the same frequency (every 4-5-6
residues) in both terminals. In the C-terminal, the repeats
are evenly arranged. It is important to note that repeats
were reported in several CuPs, but mostly in the form
of AAP(A/V), whereas there is no vaine residue in
aphids' CuP repeats. Besides, this motif was not as
evenly repeated as in aphids (Andersen et al., 1995;
Andersen et a., 1997). The 90 aa C-termina repeats
region in MpCP1 and its homologues in other aphid
species is composed only of repetitions of the
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(S/A/K)APAY motif (or its altered version) with 18 pro-
line residues evenly distributed (Fig. 1). This structure
is present in three other genes of M. persicae and L.
erysimi, differing only in fewer repeats (Fig. 7). This
seems to attribute an important role to the C-terminal
repeat region. Andersen et a., (1995) proposed that the
AAPA motif tends to form turns in the protein confor-
mation. Presence of proline residues is also known to
create turnsin protein chains (Tronrud et a., 1986; Rich-
ardson and Richardson, 1989). Thus, the numerous
repeats and proline residues in the N- and C-regions of
this family of aphid CuP are believed to form a regular
helix as found for the ‘beta-spiral structure’ of elastin,
where there were repeats of the pentapeptide VPGV G
motif (Urry et a., 1974; Urry, 1982; Andersen, 2002).
Interestingly, the repeats AAPAY-SAPAY-SAPAY -
KAPAY-AAPAY-SAPAY are found in several proteins,
unrelated to chitin-binding CuP, such as chorion protein
from Diptera, or RNA polymerase subunit of protist
(Fig. 4). Further support for helicoidal structure is given
by the fact that chorion proteins of several Lepidoptera
and fish appear to have helicoidal structures too (Kafatos
et al., 1977; Mazur et al., 1982). The helicoidal architec-
ture is common in various biological systems and at dif-
ferent molecular scale (Neville, 1986; Iconomidou et al.,
1999). This could be the reason for sequence similarity
between unrelated proteins (including cellular protist
protein) illustrated Fig. 4. The other frequently present
amino acid is tyrosine. Tyrosine residues may be
involved in protein—protein interaction, in view of tyro-
sine known function in cross-linking with neighboring
intra- or intermolecular domains (Lassandro et al., 1994).
Analyzing the aphid CuP domains, we may speculate
that the central domain anchors the chitin chains, while
the helicoidal *spring-like’ structures will serve to bind
with neighboring proteins, lending coherence to the
matrix and a certain elasticity.
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Summary. The present study investigates the specificity of potyviruses for aphid
species. Two potyviruses differing in their host range were used: Zucchini
yellow mosaic virus (ZYMV) mainly infecting cucurbits and Turnip mosaic virus
(TuMV) mainly infecting crucifers. Two sets of aphids species were used as
vectors, one polyphagous (Myzus persicae and Aphis gossypii) and the other from
crucifers (Brevicoryne brassicae and Lipaphis erysimi). Evidence is provided that
the specificity between a vector and a potyvirus depends either on the affinity
between the aphid species and the helper component (HC) protein used or on
the affinity between the HC and the virions. The difference between the two
potyviruses cannot be attributed to the DAG domain which is unaltered in both
N termini of the CP. Therefore, a ZYMYV full length clone served to exchange a
fragment encoding for the N terminus of the ZYMYV CP by that of TuMV. This
partial exchange in the ZYMYV CP, allowed the TuMV HC to transmit the chimeric
virus but not the wild type ZYMV. The significance of the N terminus context of
the CP in the specificity for the HC is discussed.

Introduction

Potyviruses as typical non persistent viruses are carried within the mouthparts
of their vectors (mostly aphids) [34, 36]. This implies a less intimate association
between the virions and the insect organs than that required for circulative viruses
[13]. This lesser association may explain the wider range of vectors known for non
persistent viruses than reported for circulative viruses [19]. Nevertheless, cases
where aphid species differ in their ability to transmit potyviruses, are documented
from field [14, 26] and laboratory studies [31, 33]. Harris [15], thoroughly dis-
cussed the reasons for the variation in specificity and included factors that depend
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on the host harboring the virus, environmental factors, factors depending on the
virus strain or the vector species.

Transmission of potyviruses by aphid vectors requires the presence of a helper
component (HC) protein (presented before or in mixture with virions) [11, 12, 23].
Apparently, the HC is required for retaining the virions within the food canal of the
aphid stylets [4]. Early work of Kassanis and Govier [18], led them to formulate
the so-called “bridge hypothesis”, which is still valid nowadays. In this hypothesis,
the HC is believed to bind on one hand to the stylet and on the other to the virions
capsomers. Acquisition of potyviruses from parafilm membranes allowed testing
the effect of heterologous HC-virions systems (where the HC of virus A is mixed
with virions of virus B). Failure to transmit was demonstrated and attributed to
incompatibility either between the HC and the virions [20, 30] or between the HC
and the aphid species [37].

Several domains were identified so far in the HC that affect its ability to assist
transmission, the KITC (or KLSC) domain in the N terminus [35] and the PTK in
the central part of the HC [16] and more recently, a mutation in the CCC motif in a
site upstream from the PTK motif of Peanut stripe virus (PStV) was found to assist
transmission of virions with a mutation in the DAG domain of the coat protein
[8]. The PTK domain was shown to affect the ability of the HC to bind to virions
[22], whereas the KITC domain is probably involved in the stylets binding [4, 36].

The N-terminus of the potyviral coat protein and especially the DAG do-
main were found to determine aphid transmissibility of potyviruses [1, 9]. Later,
evidence was presented to show that the DAG and the surrounding context in
N terminus of Tobacco vein mottling virus affect aphid transmissibility [21]. A
potyvirus with a mutation in the DAG domain failed to bind to the HC in vitro
[3]. However, no information is available on the role of the N terminus in the
recognition of the HC. The present study tests the hypothesis that an exchange of
the N termini between potyviruses, may alter HC-virion specificity.

Methods
Aphids

All aphid species were collected in Israel and maintained in captivity in growth chambers
at 25 &£ 3°C with continuous light. Both the green peach aphid Myzus persicae (Sulzer) and
the melon aphid Aphis gossypii (Glover) were from a colony kept in the Volcani Center for
many years. M. persicae was raised on mustard (Brassica perviridis cv. Tendergreen) and
A. gossypii was raised on squash (Cucurbita pepo cv. Ma’ayan). The crucifer aphids were
collected from cabbage in the Coastal plain of Israel. Lipaphis erysimi (Kaltenbach) was also
raised on mustard (cv. Tendergreen) and Brevicoryne brassicae (L.) was raised on cabbage
(Brassica oleracea).

Viruses

Two potyviruses have served in the present study: Zucchini yellow mosaic virus (ZYMV)
and Turnip mosaic virus (TuMV). Two strains of ZYMYV have been used: a wild type and
highly aphid transmissible strain which was isolated in Israel and described in our earlier work
[16] and a helper component (HC) deficient strain which was engineered in our laboratory
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and designated as ZYMV-PAK [22]. The wild type TuMV was isolated in Israel from
garlic (Allium sativum) (R. Salomon, personal communication). The viruses were kept each
on their respective host: ZYMV on squash (cv. Ma’ayan), and TuMV on mustard
(cv. Tendergreen). Transmissibility of these strains was ensured by periodical aphid
transmission.

Virus and helper components purification

ZYMYV was purified as described in [9] with minor modifications and TuMV was purified
according to Wang et al. [38].

The ZYMV and TuMV HCs were purified by the binding of the infected plant ex-
tract to an Nit-NTA resin as described by us in a former study [17] and modified as
in [38].

Replacement of the fragment encoding for the
N terminus of the ZYMV coat protein by that of TuMV

The RNA encoding for the CP of an Israeli TuMV isolate has been amplified by RT-PCR
from infected plant and cloned in pGEM-T-easy (Promega) (GenBank accession number
AY325268). The fragment encoding for N-terminus has been replaced in an infectious full
length clone (FLC) of ZYMYV [10]. This was attained by engineering a subclone of ZYMV
(SacI-Xbal), ZYMV-Sb-2, which has a Ps site at the 5'end of the CP gene (Q/S, position
8540 in the ZYMV genome), and a Kpnl site at the beginning of the sequence encoding the
core domain (between the 6" and the 7 amino-acid of the core, (KDVNAGT, position
8687) (Fig. 1a). The Kpnl site introduced a change of Serine to Threonine, at position
8690, which did not affect ZYMV behavior (data not shown). Corresponding restriction
sites and beginning of the ZYMV-CP-core have been introduced in the fragment encoding
for the N-terminus of TuMV-CP, using the primers TuN-Pst Forward (5" GAT CTG CAG
GCA GGC GAA ACG CTC GAC 3/, underlined is the Pst site) and TuN-Kpn Reverse (5’
GGA GGT ACC AGC ATT GAC GTC TTT GTC TCG TTC 3/, underlined is the Kpnl
site and bold are modifications to change TuMV-CP core to ZYMV-CP core) by PCR. The
resulting product has been sequenced to confirm authenticity, then digested by PstI and Kpnl,
allowing incorporation in the Sb-2 subclone, giving rise to ZYMV-TuNT Sb-2. This subclone
comprised of the entire N terminus of CP of TuMV. Finally, the fragment excised by Sacl and
Xbal has been replaced in the ZYMV FLC, giving rise to chimeric ZYTuNT FLC (Fig. 1b).
The chimeric FLC was inoculated to squash plants using “BIM-LAB” (Bio-Oz Biotechnolo-
gies Ltd., Israel), a plant inoculation apparatus, based on the method described by Gal-On
etal. [10].

Construction of a helper component deficient chimeric ZYTuNT

In order to test the aphid transmissibility of the chimeric ZYTuNT, when assisted by
foreign HCs, there was a need to render its own HC inactive. In our earlier work, we
reported on a mutation in the PTK domain of the HC that caused deficiency in the ability to
assist transmission [16]. Later, this domain was proved to be involved in binding to the CP [22].
Therefore, in order to render the chimeric virus helper deficient, a fragment between the Agel
and BamHI restriction sites in the ZYTuNT FLC (encoding for the active PTK) was replaced
by subclone pZHC(—) (encoding for the inactive PAK), as described by us in [16]. The
resulting virus was designated ZYTuNT-PAK.
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Fig. 1. a Amino-acid sequence of the N-terminus of the coat protein of ZYMYV, TuMYV,
and ZYTuNT chimera. Double-underline indicates position of restriction enzyme sites used
for swapping fragments (Ps?l and Kpnl); underline indicates position of primers used for
modifying TuUMV sequence; in bold is TuMV sequence. In italic is the triplet DAG involved
in HC binding; b Cloning steps to engineer ZYTuNT chimeric infectious clone. A partial
sequence of TuMV NIb gene and the full sequence of the CP was cloned into pGEMT-easy
plasmid. The N-terminus of the CP amplified by PCR reaction has been digested by the
restriction enzyme Pst-Kpn. This fragment was used to exchange the homologous fragment
from the ZYMV-Sub clone-2(Sb-2). The ZYMV-Sb-2 was digested with Sacl-Xbal and the
fragment replaced the homologous fragment in the ZYMYV FLC, giving rise to ZY TuNT FLC
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Aphid transmission

For plant to plant transmission, the aphids (from various species and hosts) were fasted for
1-hr in glass vials prior to the acquisition access feeding (AAF). In all cases, aphids were
allowed 5 min AAF before being transferred to test plants for the inoculation access feeding
(IAF). In all cases, the IAF was overnight. On the next morning, the aphids were then killed
with Imidacloprid (Confidor, Bayer Ltd.) and the test plants were transferred to a growth
chamber for symptoms development.

For transmission from membranes, the AAF of a mixture of virions and HC were as
described earlier [25]. For sequential acquisition, M. persicae were allowed first to acquire of
HC alone from a membrane for 10 min then they were transferred for an additional 5 min AAF
on plants infected with a HC-deficient virus strain (either ZYMV-PAK or ZY TuNT-PAK) for
acquisition of virions from plants. Thereafter, the aphids were transferred to test plants for an
IAF as described in the section above.

Results

Determination of differential specificity in transmission
of two potyviruses by aphid species

The working hypothesis in this study was that polyphagous aphid species will
transmit viruses from various hosts while aphid species with a narrow host range
will transmit viruses infecting hosts on which they feed but not viruses infecting
more distant hosts. In order to test this hypothesis, transmission experiments were
conducted with TuMV and ZYMYV using different aphid species to establish the
degree of specificity (Table 1). Two polyphagous aphids tested were M. persicae
and A. gossypii and the cruciferous aphids were L. erysimi and B. brassicae.

As shownin Table 1, TuMYV is transmitted efficiently either by the polyphagous
aphids M. persicae and A. gossypii or by the crucifer aphids (ranging from 75 to
90%). On the other hand, ZYMYV was transmitted efficiently by the polyphagous
species but very poorly by B. brassicae and L. erysimi (1.8 and 0% respectively).

Differential transmissibility of potyviruses by aphids may result not only from
their respective properties but also from the degree of attraction of the aphids to
the acquisition hosts. In order to rule out such an effect, the viruses were acquired

Table 1. Transmission rates for two potyviruses acquired from infected plants by two
polyphagous aphid species (Myzus persicae and Aphis gossypii) and two crucifer aphids
species (Brevicoryne brassicae and Lipaphis erysimi)

Aphid species Rates of transmission [Percentage + SD]

N* ZYMV N TuMV
M. persicae 4 38/46 [83 +7.0] 4 40/49 [82 £9.5]
A. gossypii 11 108/138 [78 £ 7.4] 4 35/40 [88 +12.6]
B. brassicae 12 3/159 [2+£5.4] 7 58/82 [75+17.0]
L. erysimi 9 0/93 [0] 4 40/44 191 £ 2.0]

Acquisition and inoculations hosts were C. pepo for ZYMYV and B. perviridis for TuMV
*Number of repeats
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also from an inert system. Transmission of purified virions of potyviruses from
Parafilm membranes needs the presence of a purified HC [23]. Also, the in vitro
acquisition system offers a way to determine which of the two viral components
in the acquisition medium is required for the specificity to aphid species. Thus,
the two aphid species were offered either a homologous mixture (HC and virions
of the same potyvirus) or heterologous (HC and virions of different potyviruses)
(Table 2).

As seen in Table 2, when acquiring the homologous mix of the HC and virions,
the polyphagous species (M. persicae and A. gossypii) transmitted efficiently
both ZYMV and TuMV (Table 2, first two columns). On the other hand, the
crucifer aphids (B. brassicae and L. erysimi) transmitted efficiently the homolo-
gous mixture of TuMV but failed to transmit the homologous mixture of ZYMV
(Table 2, first two columns). These results were consistent with those recorded
in the plant to plant transmission (Table 1). Presenting heterologous mixtures to
polyphagous or crucifer aphids allowed elucidating the reasons for the failure to
transmit (bold letters in Table 2). As seen in Table 2, the polyphagous aphids
were able to transmit TuMV with the ZYMV-HC but failed to transmit ZYMV
with the TuMV-HC (Table 2, last two columns). The crucifer aphids failed to
transmit the heterologous mixtures of either virus (Table 2, last two columns).
These findings clearly demonstrate an incompatibility between the HC of TuMV
and the virions of ZYMV. Also, they provide evidence, that the crucifer aphids
do not recognize the HC of ZYMYV. These findings can be explained by the
bridge hypothesis where a failure to transmit may derive from a poor affinity
between the aphid and the HC and/or a poor affinity between the HC and the
virion.

Determination of the coat protein N-terminus role
in the recognition of the HC

In the past, the N-terminus of the virion coat protein and specifically the DAG
triplet were found to be associated with loss of aphid transmissibility [1, 9].
However, the two potyviruses used in the present study comprised of an unaltered
DAG triplet and were all transmissible when assisted with a proper HC. Therefore,
we laid an assumption that part of or all the N-terminus of the coat protein and not
just the DAG, is involved in the association with the respective HC. In order
to validate this assumption, we replaced a fragment that included the region
encoding for entire N-terminus of TuMV CP with the corresponding region in
the 35 S promoter driven ZYMV infectious clone [10] (Fig. 1). The resulting
chimeric virus was designated ZYTuNT. The ZYTuNT was systemic in squash,
and could be detected by ELISA using antibodies against TuMV (kindly provided
by Dr. A. Gera, Dept. of Virology). The titer of the chimeric virus in the plants
as determined by ELISA was similar to that of the non-chimeric virus, indicating
comparable replication. However, it was practically impossible to purify sufficient
quantities of virus from infected squash adopting either the methods used for
purification of ZYMV or TuMV.
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Table 3. Transmission of the Chimeric ZY TulNT-PAK with the assistance of helper proteins
from two potyviruses by Myzus persicae

Sequential acquisition Transmission

First acquisition feeding Second acquisition N# Rate Percent = SD
from membrane? feeding from Plants?

Helper Virus

ZYMV ZYTuNT-PAK 4 17/52 33+12.6
ZYMV ZYMV-PAKP® 4 29/56 51£15.0
TuMV ZYTuNT-PAK 6 11/77 14+£4.7
TuMV ZYMV-PAK 4 0/57 0

None ZYTuNT-PAK 6 0/55 0

4Aphids were allowed a 10 min first acquisition access feeding (AAF) on a membrane
with one of the helpers followed by a 5 min of AAF on plants infected with HC deficient
virus, then the aphids were transferred for an overnight inoculation access feeding on test
plants

bZYMV-PAK is an helper deficient strain with a mutation in the PTK domain (Huet et al.,

[16])

#Number of repeats

Lacking purified virions that are needed for acquisition from membranes, we
adopted the sequential acquisition approach, where the helper protein is acquired
from membrane and then, the virions are acquired from infected plants. The virus
used in transmission in this strategy, needed to have a deficient helper to render
it totally dependent on an external helper. Thus, we engineered the HC deficient
ZYTuNT-PAK (as described in the method section). The original ZYMV-PAK
[16] and the ZYTuNT-PAK served in the experiments summarized in Table 3.

As seen in Table 3, the ZYMYV HC assisted the transmission of the ZYMV-
PAK but also the chimeric ZYTuNT-PAK. This result conforms to the results
seen in Table 2, where ZYMYV HC assisted the transmission of both ZYMYV and
TuMYV virions (Table 2). On the other hand, TuMV HC which failed to assist the
transmission of ZYMYV virions (Table 2) did assist the transmission of the chimeric
ZYTuNT-PAK, but to a low rate (14%) (Table 3). A lower rate of transmission is
anticipated in sequential acquisition tests due to the compound probability for each
of the acquisition steps. This is reflected in comparing the rates of transmission in
Table 2 and 3 for ZYMVHC assisting ZYMYV (87.2 versus 51%). The low, but posi-
tive transmission imply on a certain degree of recognition between the TuMV HC
and the chimeric ZYMV-TuMV CP. This recognition was completely lacking
when the intact ZYMYV CP was used (Table 2 and 3).

Discussion

Specificity in virus transmission by vectors is defined by the ability of one vec-
tor species to transmit a certain virus but not another. The specificity can be
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determined both by virus or vector properties. Nevertheless, in numerous reports
from field [14, 26, 29] or laboratory studies [33, 6] it was established that certain
vector species may fail or poorly transmit non persistent viruses that are readily
transmitted by other vector species. In potyviruses [27] and in caulimoviruses
[5] transmission depends on the presence of HCs. Non persistent transmission
requires very brief probing time for inoculation and therefore, it is anticipated
that vectors that do not colonize the host may still infect them when they probe.
Nevertheless, it is logical to assume that aphid species will tend to transmit more
readily viruses that infect hosts that they feed on than viruses in hosts on which
they do not feed. The present work was aimed comparing the transmission abilities
of aphid species that are known to be polyphagous to that of aphid species that
have a narrow host range. M. persicae and A. gossypii, two species that colonize
numerous host species from various botanical families were compared to two
crucifer aphids that mainly reproduce on crucifers [7]. The results obtained both
for plant to plant or from membrane show that M. persicae and A. gossypii trans-
mitbothZYMYV and TuMV, while B. brassicae and L. erysimi only transmit TuMV,
that infects crucifers.

The involvement of the HC in the transmission process may add to the com-
plexity of the specificity. Thus, a failure of an aphid to transmit may be the
outcome of lack of recognition between the aphid and the HC, or between the
HC and the virus. Kassanis and Govier [18], proposed a “bridge” mechanism
where the HC binds on one hand to the aphid stylets and on the other hand to
the virus. Recent findings based on molecular and electron microscopic studies
support their proposed mechanism [3, 4, 22]. Acquisition of mixtures of HC and
virions (homologous and heterologous), made it possible to analyze the cause of
compatibility: The HC of ZYMYV could assist the transmission of ZYMV and
TuMYV virions, whereas, the HC of TuMV assisted transmission of TuMV but
not those of ZYMV. Besides, ZYMV-HC could not assist transmission in crucifer
aphid.

Then, from the plant to plant transmission experiments and from the membrane
feeding experiments, it is evident that both forms of specificity may exist (a)
between the aphids and the virus (probably its HC) and (b) between the HC and
the virion.

Little information is available on the mechanism of the helper binding to the
aphid stylets. Proof for interaction between the HC and the CP associations was
recently provided [3, 22]. Nevertheless, the failure of the TuMV HC to assist the
transmission of ZYMYV virions (Tables 1 and 2) can be attributed neither to the PTK
nor to the DAG that were both present in the corresponding HC and virus. This led
us to consider another approach, in which the entire N terminus of the TuMV CP
(which is recognized by the TuMV HC) is replaced within the ZYMV CP. Indeed,
this exchange resulted in rendering the chimeric ZYMYV, transmissible (although
at a lower rate than expected) by the TuMV HC. A possible explanation for the
lower rate of transmission of the chimeric ZYMYV is that the TuMV N-terminus
may not be properly folded in the ZYMYV context. This is however, the first report
that attributes to the N terminus of the CP the recognition of a different HC. A
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thorough work on the effect of the DAG context on aphid transmissibility has been
done [21]. Moreover, Flasinski and Cassidy [8], showed that the HC of the peanut
mottle virus (PeMoV), which has an ASC motif instead of the conserved CCC
(15 aa upstream the PTK domain), assisted better the transmission of virions with
the DAAA domain than virions with DAG domain. It has also been suggested
that another type of interaction between HC and CP occurs in planta, but which
apparently does not involve the DAG domain or N-terminus of HC, and which
does not occur with virion particles, and then which is not in relation to aphid
transmission [28].

Therefore, it is evident that more work is needed to elucidate the exact location
of the N terminus that associate with the HC, especially in view of its relatively
non conserved amino acid sequence. Unlike for the N terminus of the CP that is
known to be present on the surface of the subunit [2, 32], little is known on the
structure of the corresponding HC protein. A great stride ahead has been recently
done by Plisson et al. [24], where they studied 2D crystals of the lettuce mosaic
virus HC. Based on their study, the PTK domain is supposed to be present in
the hinge domain. These authors propose that the regulation of accessibility is
attained by the relative movement of two principal domains of the HC.

We therefore speculate, that the specificity between the CP and the HC is
dictated by structural complementation between the N terminus of the CP and the
hinge domain of the HC.
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MvyzUs persicae nvyn mr9 09992019 BINaYNY B3 cDNA 7921 .3.3

INY) MDD PTNI PN NN DY HHNI DIRY) DXOYMINY NNNY DIPN ,D299N DO
NAONIN ANPXVIPN NVY NN NN HON YW (surface) NLW NS . (MIDN NPPDL VYD

D259 DPTINY XY DY) DIN NNYY) PV .DMINPIVIP DMATNI DONPYN PV YON

5S¢ DMV DXPNY DMND 7Y TTHIPNN STIN DI DN PYAN ,DNNKY .O0NY DXPINI NN LYN
5w (Stage specific) NPNON MNNONN NITY DPTINON PN DI DT NN NN 0PN
o972nn Ywa .(Chihara et al., 1982; Marcu & Locke., 1998; Csikos et al., 1999) pnn

NN NTY RHND NIYYH , 0NV DD DY NIIYN NOY MO SYW DY DN P DINMPN
0999P°0IPN BNAVNY 139991 Y 1921 29N ,PINY DINNN NYIPA NANYN ANPIVIPH BNY
AT HPNHNMY 9N NN MDD W (P/N)

DYOM”NYNN DY DPINT PN =D DOXTTPNN ONIN PN DY 17 YT 72080 00V N¥INI

02 NN 95 Coleoptera -y Dictyoptera , Diptera ,Lepidoptera ,Orthoptera : mn7105

nYy 93 Hemiptera -n 59709 059»NWnn 0¥pana ,0NNIYY MIODN NPPOI NANIN
LN DINNA ONP YN Y 0P XY V93

N1ONN RPN TTIPNN M. persicae Nm5nn cDNA 7T NHWKRID IRNN 3.1 PY0A 1NN
cDNA -1y M. persicae Cuticle Protein 1 (MpCP1) n5y n13952 Nty )YWRIN MINPI0IPN

.(Dombrovsky et al., 2003) £>901 1YY NI N NLIPNND DINIIN

YN OV DOMYNVYN NPNRYI NN PI0M NYUXRIN POND TN MNN ,NTaYN DY Nt P9

2Y MNNO2 PrRY 02N OINNA

:N9Y M”H9Nn SMART Sv 7909919503 cDNA 51990 m5n .3.3.1
T2 W 79010 A-ZAP Sv 1on51ova cDNA 1990 midon Yy 001N N PYURIN IINRDN

NIVIN XY 11 19D .(Dombrovsky et al., 2003) nby ninoa PwrIN PN Tpnn cDNA

NN MINMH MPNX 90N 1PN’ ,NOYN N2 DD PrAY OXTNIPNN 090N cDNA T2

.N19YN NN%0 YV NN HNINIVION NN
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PONY TN PN ,NDY MO 090N PN O TNPNN cDNA »ax9 by y 1N NN 2NN NIV

NV (DIMIN MOVOY P91 2.14 Pyo NRI) SMART Sv nvrwa oyon ,moon cDNA n»oo
-1 D902 MMNN HNOXIVIAN DY NP 10 NN HIAPY I YD DTV DY NTY NINNDI B

NAOND OITTPN DIRY DINNN 9910 0NV cDNA -1 »wopn S Xon 7R Yaph 1m0 cDNA
by MDD PPN Bx KOX M. persicae Nn»oNHn P KXY NN nyrvon S'UTR - 3'UTR
S TMVN NOYN NN NN NINY cDNA -N NP0 »»aNND DXVNN L6 'ON NYIVA .DMIDN
NNITH MIAMNINN MNOY MO ,ANYRIN : M. persicae nbyn Nndon NI vidw NN
DWUNI L, wovn maom (1) mwry mTa oY mvn (M) Dy mnnann

.(H) M. persicae nn»5n Yv 0119
¢ MNNANNN MNIT NIYNI MNOY NMIIMON (MDD PN Y1 NNN) NPIAD MM ,)D NI

.B. brassicae ,n5yn nn»omy A. gossypii nn»on

S9vn cDNA -1 519990 9981 .6 9991 YAV

D8 D) YW NAN pfu/ml9v30 90 9N PN

Ker GST CP1 *Cat Myo *Tro n9720 NN 1720 N9

N NI AN AN 5%102 2%10* i

M. persicae

N NN A A 8*10" 2%10° H M. persicae
NN [N 6*10'° 6*10° M | M. persicae

N N N 2%10° 4*10° M A. gossypii
N N N N 2%10" 1.5%10° M B. brassicae

DT MO OWRI=H vy N2 09nt =1 ; pfu = plaques forming units

DMYN MNNANNN NNITI MNdY MmId =M
; GST = glutation S transferase; ; Myo = Myosin heavy chain : 0300 020 MnY
.Tro= Tropomyosin; Ker = Keratin associate protein; CP1= Cuticle protein 1; Cat = Cathepsin
:GenBank 030 712 y1p9m M. persicae n12051 Sw cDNA -n n»190n 111w oon*

AY714063 nwy 1901 Tropomyosin - .AY 702822 nw»y 1aon Cathepsin B-N
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:Myzus persicae noyn N9 0IUTN 099P0YP 0999a9NY cDNA 111 .3.3.2

PCR nyspnoia omw 09NN mysnna M. persicae nbyn nn»5 v cDNA -0 ny»iav np»o
.DVTN PN NPYY OTNIPNO (putative) o wwnn cDNA S 9987 N nn TP NIWaN
DINPOVIP DMNAON DY DXANID DNXNYN NX IWIR D)7 DXNIN P2 R7IN ORNN NIAOND 89
NNNIN O D BLAST viann momn mysnxa (GenBank) 0o piaa omsnn oo
OM1INN PI/NN NPO DNV DINDN PN DINTN DNNY DN DD DMINN PN D
DT PN >TINYN R&R NON 110WN INRND DY INNHRD /N Y7 NPT HWa IWANDN MndIo1
,NTIAYN ToNNA .MN9DN NPPOA 1.7.1 'On PYo ORI (repetitive region) DINND DN
MO YN 02987 .RR-2 10N 117 MY NN OO p7Nd 03 TTIPN 01NN cDNA »989 »v T2
M. persicae Cuticle Protein 3 (MpCP3) -y M. persicae Cuticle Protein 2 (MpCP2)
YA PrNY OXTTIPND OMINN 0901 cDNA »9%7 Y T2 )0 15 .12 - 11 701 7NN IR
M. persicae Cuticle Protein 4 (MpCP4) :owa m> YN 029%7 .RR-1 2o 3 Mnv 0N
NON MOV INRND .14 -1 13 ron mnnn IX M. persicae Cuticle Protein 5 (MpCP5) -
N9IPPVIPA N¥H RR-1 NON 9nNAY Tiya 0INX DN NNYYP NDPP0IPa 5772 "8 RR-2
PN T1pNd 1N M. persicae putative Cuticle Protein  (MppCP) 901 cDNA a8 .nwon)
N 90N NASNM NP DMWY DIPIN PN DTN DN NNTN INNHNR /N DY INN 987 501N
PN SV DIPVLY THINVYN NN 2D NN NNIIWN ,15 'oNn NN ,R&R 10N Mnwn anxN 989
.R&R »on

YTTIAY ONYN OPINPYVIPN DMNMIAYNY O TTPNN cDNA -n %987 §97181 , 0NN OYTnya
.M. persicae noyn nn*on

GNNNN NADIT VNN DANINND N’ TN TINND N VY DWNNN OXNPM DNION NN

1TAYN o3
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1 ATC ACA ATC AAT CAC TTC AAA CAG TAC TAC TAC AAC CAG TAG AAG 45
46 AAG TAT TCG ATT CAC AGA CTC AAC AAC CTC TTC AAC ATG AAG GTA 90

1M K V 3

91 TTC ATC ATT CTG CCG TTA GTA GTT GCC ATG ATT TCA GCA ACC GAC 135
4 F I I L P L VvV VvV A M 1 S A+T D 18

136 GTA GTC TTA ACC GGT GCA CCC GCG GCA TAC GTT GCG TCT TCG TAC 180
19 v v L T 6 A P A A Y V A S S Y 33

181 ACG TCG CAC GGA CCA GTC CCT TGG GCT TAT CTG CAA CCG TAC TAC 225
34 T S H G P Vv P W A Y L Q P Y Y 48

226 CAA TCA GCA CCG TTA GTG GCA TAC ACG GCA TAC ACA GCA CCA GCG 270
49 Q S A P L v A Y T A Y T A P A 63

271 GCC AAA GTT ATC GCC ACT GCC CCG GCT AAA ATC GTT ACA CCA CCA 315
64 A K V I AT A P A K I v T P P 78

316 GCC AGA ACC GTT CCT GTC GCC GTG GCC CCA GCA AAA CTT GTC GCA 360
79 AR T V P VvV A V A P A K L VvV A 93

361 CCG GCT GTA CCG GTC GCC AAA GTC GTA CAA GTC GTG CCC GCT CAA 405
94 P A V P V A K V vV Q V VvV P A Q 108

406 TTC CAG CCC GAC CCA TCA TAC ACA TTC GCG TAC CAG GTA CAG GAT 450
109 F_Q P D P S XY T F A ¥ Q VM Q D 123

451 CAG ATA ACT GGC GAC TCC AAG AGC CAA GAG GAA ACC CGC CAA GGA 495
124 Q 1 T 6 D S K S © E E T R 0 G 138

496  GAT GTC GTC AAG GGC CGA TAC AGT CTG ATC GAA CCC GAT GGC ACC 540
139 D vV VvV K 6 R ¥ S§ L I E P D G T 153

541 AGG AGA ACC GTA GAC TAC ACC GCT GAC CCA ACA AAC GGA TTC AAC 585
154 R R T VvV D Y T A D P T N G F N 168

586 GCG TAC GTA CAG AAA TCG GAT GTG CAA CAA GCC GTA TTC GTA CCA 630
169 A Y ¥ Q0 K S D V Q Q A V F V P 183

631 TCG GTA TCA ACA GAC GAT GTA GAA ACT ATC AAA GTA GAC ACC ATC 675
184 S v sS T D D V E T 1 K v D T 1 198

676  GAA GTT GAA CAA GCC AGG TAT GCG CCC TCA GGC TCC AAA CCG TTG 720
199 E VvV E @ A R Y A P S G S K P L 213
721  AAG AAT ACG CTA GCT GTG CCC GAA ACC AAG ACC AAA ACA GGT TAT 765

214 K N T L A V P E T K T K T G Y 228
766  TGA TAA ACG TTT ATT ACA ATG AAT GTA TAC TTT GCT AAA CAA AAT 810
* *

811 CCA ATT TAA TTT ATA ATA TAG AGT ATA GAC AGT TAT GTT ATA TCA 855
856 TTA TTC ATT ATA TAT ATA TAT ATT TAT TTA TTC AAA TAA CAA TCT 900
901 GTA AAA CAA AAC AAA AAC CCA AAT AAA GTT AAT TTA TAT ATT TAT 945
946  AAA AAA AAA AAA AAA AAA AAA AAA 969

a8 M. persicae n5yn nmon 112 WX MpCP2 5w ¢cDNA -2 D©0an 937 .11 9991 1N

-2 YN 19010 NI INXPA DOWNN NIATNY DXTNPN DIRY DXANT 0NN TN INNND MIN/IN
.[DQ108935] : GenBank
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1 TAC GGC CGG GAT GGT AAG CAA TCA TCT TAC CCT GCT CCG TCT GCG 45
1 Y G R D G K Q S S Y P A P S A 15

46 GCC TAT GAA CAA CCA AAG TAC CCT GTA TCC CAA TAC TCA GCT CCT 90
16 A.Y E Q P K Y P V S Q Y S A P 30

91 TCA TAC GAA GCT AAG CCA CAA TCA TAT TCA GCT CCC ACT CCA TCA 135
31 S Y E A K P Q S Y S A P T P S 45

136 TAC AAC AAA CAA CCG TCC CAA TCC TCA TCG GCC TAC CCG TCT TAC 180
46 Y N K Q p S Q S S S A Y P S Y 60

181 CCA AGC CAA AAA GCT CAT GCT GAA GAG TCT TAC GCA CCA AGA CCG 225
61 P § Q K A H A E E S Y A P R P 75

226  TAT AAA TTT GAA TAC AGC GTA AAT GAC GAA CAT ACA TAT GGC ATC 270
76 ] K F E ¥ S VM N D E H T Y G I 90

271  AAA AGC CAA AAG GAA GAA AGT GAC GGA CAT CAA GTA AAA GGA TAC 315
91 K § Q K E E S D G H Q VM K 6 Y 105

316 TAC ACT TTG TTG GAA GCT GAT GGT TCC CGT AGA ACT GTC GAG TAC 360
106 Y T L L E A D G S R R T ¥ E ¥ 120

361  ACC GCA GAT GAA AAT GGA TTC AAC GCT GAC GTG AAA AAA GAA GAA 405
121 T A D E N G F N A D V¥ K K E E 135

406  GCT CAA GGT TAC AAC AAA GCA GCT CCA GCT TAC AAC AAG GAC TCC 450
136 A Q G Y N K A A P A Y N K D S 150

451 CAA GCA TAT AAA TCT GCA CCA GCT GCT TAC AGC GCA CCC TCA TAC 495
151 Q A Y K § A P A A Y S A P S Y 165

496  AAC AAA CAA GAA TCG TCA TAT AGT GCA CAA CCT TCT TAT AAC GCA 540
166 N K Q@ E § S Y S A Q P S Y N A 180

541 CCT GCG TAC AAC AAA CAA GAA TCG TCA TAC GGT GCT CCA GCC AAA 585
181 P A Y N K Q E S S Y G A P A K 195

586 CAA TCT CAA GAA TAC GAA GCA CCA TCG TAC TAA TTA TTT CAC TAT 630
196 Q S Q E Y E A P S Y * 205

631 TTA TCA ACT ATG ATA TAA AGT GAA ATA ATA TTA CAA CTC AAC TTC 675
676  AAA TAC TAA ATT ATA AAT GTT GCA ACT TAA CTG TTA TGC TCT TTT 720
721  AAA TGT TTA AAT AAG AGT ACA AAA GAT TAT TAT TTG TAT TGC TTT 765
766  TTG AAT AAT AAT GTG ATT TAA AAA TCT ACC ATC ATA TTT GAA TTT 810
811 TAA TAA ATA TAT GTT ATT ACC AAA AAA AAA AAA AAA 846

MmN 9871 M. persicae 501 712 9w MpCP3 5w cDNA -1 DD0aN 987 .12 9991 NN
:GenBank -2 NWMN 99010 98I0 ANNPA DN NITNY OXTNIPN DIRY DXANT 1NN TN INND
.[DQ108936]
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1 GCC GGG GAA TCA CAA ACA CAT CGC ACT CCG AAG AGC GAG TAC TAC 45
46 AGA CAG ACA CAA ACG AAG AAC AAA AAC TCC TTC AAC ATG CAG GTC 90
1M Q V 3

91 ACA TTT GTC GTA TCG TCA TTG CTG TTA GCT GCC GTC GCA GTC AGC 135
4 T F v v S S L L L A A V A V S 18

136 GCC TAC CCC GCT GGA CAG AGC CCG GAA TCC AGA GCC GTC ATC TTG 180
19 A+tY P A G Q S P E S R AV 1 L 33

181  GTC CAA GAT TCA GCA CCC AGC GCC GAC GGA TCA TTG AAG AAC AAC 225
34 v Q b S A P S A D G S L K N N 48

226  TTC CAA ACC GAT AAC GGA ATC AAA CAA GAA GAA GTC AGG TAC TTG 270
49 F Q T D N G 1 K Q E E V R Y L 63

271  AAG GCT GGC CCA GAA GGA CCC GTT TCA GTT GTC CAA GGA GCA GTG 315
64 K A G P E G P VvV S Vv vV Q G A V 78

316 TCT TAC GTG GCC CCA GAC GGC CAG ACC ATC CAA ACC GGC TAC GTC 360
79 S ¥ v A P D G Q T 1 Q. T G XY V 93

361 GCC GAC GAG AAC GGT TAC CAG CCG TAC GGC GCT CAC TTG CCC ACT 405
94 A D E N G Y 0 P Y G A H L P T 108

406  CCA CCA GCA ATC CCA TTC GAG ATC CAA GAG TCA CTC AGA TAC CTC 450
109 P P A I P F E 1 Q E S L R Y L 123

451 GCT TCT CTG CCC AGC ACT CCT GAA CCA AAA TAC CAG TAA GAC GGT 495
124 A S L p S T P E P K Y Q@ * 135

496  GAG CAC GCA GTG ACC ACC CCG GCC CGG TTT ATC CTC AAT TTT ATA 540
541 CCT ATA CCT AAT ATA CAT TAT ACC TAC CCC TCG AAA TGA TTA TCT 585
586 GCC ACA CGT TTA AAG CAT AAA CAT TGT AAC AAT GTT TAT GGT TTA 630
631  AAA GGC GGT TTC CAA AAG CCA ACA CTA TAC TTC TGT TAT TGG GTA 675
676  TAT TAA TGT TCT TCT ACT GCT CTC CTG TCC GTT TAC CTA TAA AGT 720
721  ATA ATA TAC ATA ATA ATG ATA TGT TAC CAT GAT CTC GTC ATT GCG 765
766  AAT TGT TGT CGA TGG CGA TGA CAT TAT ATT ATA TAA TTA TAC TAT 810
811 ATT TTA TTC TTT TAT TAC TTC ATC TCC GTC TTA TGT GCG GTT ATA 855
856  TAT TAT AAT CGT CAC ACA CGT ACA AGC GTG TAA TAT ATA ATA TAA 900
901 TAA ATC GTA TTA TGC AAA AAA AAA AAA AAA 930

memn 987 M. persicae nn»onn 712 9wx MpCP4 5w ¢cDNA -1 D©0Y0an 987 .13 9901 NN
:GenBank -2 n¥nN 99010 98I0 ANNPA DN NIATND OXTNHIPN DIRY DXANT .NNN N INND
.[DQ108938]
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1 GGC ATC AGT TGT GTC ATC TGT CCA CAT CCC AAC ATA CGG CAA TTT 45

46 TCT GAT CAC GGT ACA CGT CCC AAA AAA ATC ATC ATG AAC ACT TTG 90
1M N T L 4

91 GTA GTG TTA GTA GCT GTC GTC GCA GCA GTG GCT GCC GCC CCG CCT 135

5 V V L V A V V A A V A A+A P P 19
136  AAG GAA GCT GCC AAG GCT TTC ACT TTC AGT GGA TTC CCA TCC AAC 180
20 K E A A K A F T F S G F P S N 34
181 CAG GCC TAC TAC CCA GGT CAA CAA GCC TAC TAC CCA GGA TAC CAA 225
35 Q A Y Y P G Q Q A Y Y P G Y Q 49

226  GGT TAC CAG GGT TAC CAA GGT TAC TCC GGA TTC CGT AAC GGA TAC 270
50 G Y Q 6 Y Q G Y S G F R N G Y 64

271  TAC CCA GGA CAA CAA GGT TAC TAC CCA GGA TAC CAA GGT TAC CAG 315
65 Y P G Q Q G Y Y P G Y Q G Y Q 79

316 GGC TAC TAC CCA GGA TAC CAA ACT GGA TAC CAA GGC TAC TAC CCA 360
80 G Y Y Pp GG Y Q T 6 Y Q G Y Y P 94

361 GGA TAC CAA GGT TAC AAC CGT GGT TAC TAC CCA GGT GCC CCA GCC 405
95 G Yy Q 6 Y N R G Y Y P G A P A 109

406 GTC TAC CCC GCC GTC GGT GCC GTC ACC CCA GCC CCG ATC ATC GCA 450
110 v Y P A V G A V T P A P 1 1 A 124

451  CCT GTG CCA GTC GTA CCC AAG GTT GTT TCT CCA GTG TAC AAA CCA 495
125 PV P V V P K v v § P V Y K P 139

496  GTA GAC AAC AAA TTG CCA GCT ATC ATC AGA CAA TCC CAA GAA GCT 540
140 vV D N K L P A 1 1 R Q S Q E A 154

541 GAC GTG AAC GGA TTC AAA TAC GGA TTC GGA ACC GAA AAC GGT ATC 585
155 D V N G F K Y G F G T E N G 1 169

586 GTC GCC CAG GCC GCC GGA TAC GTG AAG AAC GCC GGA TCA GAA AAC 630
170 v A Q A A G Y VWV K N A G S E N 184

631 GCC GCC CAA GTG ATC GAA GGC TCT TAC TCC TAC GTT GGT GAC GAT 675
185 A A Q WV 1 E G S Y S XY V G D D 199

676  GGT GCT CCA GTC GAA GTC AAG TAC TAC GCC GAC GAG ACC GGT TAC 720
200 G A P V E V K X Y A D E T 6 Y 214
721  CAC GCA GTC GGA AAC GTC GTC CCG ACC ATC CCC TCA GAA ATC GCC 765

215 H A V G N V. V P T 1 P S E 1 A 229
766  AAG TCT TTG GAA TTG ATC GCC TCC CAA CCA CAG AAA CCA GAA GAC 810
230 K S L E L 1 A S Q P Q K P E D 244

811 TCC AAA AAG AAG TAA ACC CAG CCC GCA TGT AAC CTG AAA CGG CCC 855
245 S K K K * 248

856  AAA CAC TCG TAT ACC ATT AGC TAT TAG ACA CTG CGT GAG AAA TCA 900
901 TGC ACA TAT TTT TAC CAT TGC AAA TAT TGT GTT TGC AGT GAT TTT 945
946  CGT TAT TCG TAT CTG AAA GAC GAA TAT CGA CAC ATT TAC TGT ACA 990
991 CAA TAA TTC AGT TAT GTT GGA TGT AAC AAA AAA AGA TGA AAA TAT 1035
1036 AAA AAC TTG AAG TTC AAA AAA AAA AAA AAA 1065

memn 987 M. persicae nn50n 712 9wN MpCP5 Sw ¢cDNA -1 D020 9% .14 99091 N3N
:GenBank -2 NWMN 9901 98I0 INKPI DWINN PNATNT DI TTIPH DINRY DIAXT . DNN IINN IDNOND
.[DQ108939]
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D AININ 129N WHIRD N 987 NN M. persicae nmonn 712 W MppCp Sv ¢cDNA qx9

PNy MpCP1 p7nin HW ORI 11IRN /N Q872 MNT IR X, R&R 10N ANXRD DX 90N XN

OMNN DXPIN2 OOWTN X390

1 CAC ACC ACA TCC CGA GTA CAC ATC GAC AAC CAC AGG TTG AAG TTT 45
46 GCA GAT CAG TCG TAG ACA ACA CAA GAA GAA ATC ACC AAA ACA GAA 90
91 ATG GCT TCT TTC AAG TAT CTG ATA TTC ATC GCC TTG ACC GTC CTC 135
1 M A S F K Y L 1 F 1 AL T V L 15

136 AGC GTG TAC TAT GCC GCT GCC CAA GAA TCA CCA AAA GTC GAA GAA 180
16 S V.Y Y A A A+Q E S P K V E E 30

181 CAA GTT GGC GCT GAA GCC GCC AGA GTA AAG AAA CAC GCT TAC ATC 225
31 Q v 6 A E A A R V K K H A Y I 45

226  GCC GCC CCA GCT TTG GCC TAC TCC GCT CCA GTC TAC CCA TAC GCC 270
46 A AP A L A Y S A P V Y P Y A 60

271  TAC TCG GCT TAC CCG TAC TCG TAC TCG TAC CCG GCC GCA TAC CCA 315
61 Yy S A Y P Y S Y S Y P A A Y P 75

316 ACT GCT TAC GCC GCT TAC CCA AGC TAC GCT TAC GCT CAC GAT GAC 360
76 T A Y A A Y P S 'Y A Y A H D D 90

361 GGC AAG TAC TGG CCA GGC AAA TAC GAA AAG ACT TAC TAC CCA GCT 405
91 G K Y W P G K Yy E K T Y Y P A 105

406 GTC CCA GCT TAC AAG TCC GCC TAC CCG GTT TAC CAC TAT TGA ACA 450
106 \Y P A Y K S A Y P VvV Y H Yy * 118

451 CGC TTT TCC GAC CAC GCC TTT CAA ATC TTC CGG CAA CAA ACG TAG 495
496  TTT TTA AGA TAA TTT TAT AAA ACT TTT TTA ACA _ATA AAA ATG TGA 540
541 TCT TTT TTT TTC AAA AAA AAA AAA AAA AAA 570

memIN 9871 M. persicae 501 712 9w MppCP v cDNA -1 000110 987 .15 9991 N3N
:GenBank -2 NWMN 99010 480 ANXPA DWAN NITNY DXTNHIPN DYIRY DANT 1NN TN INND
.[DQ108937]

09IV 0MIAINY DITNPND DIwnNn cDNA -n saxy by orann .3.3.3

:Myzus persicae n1%39a

DIMNX MY ,NDY MNN1 DNV P/NY DX TNIPNI (putative) o wnn cDNA -0 Hv 029872
S'UTR 7y12ad vimdw nwyy Na nip»ovn Ywa N ,cDNA -2 3'UTR -y 5'UTR -n : 0> 11pn 8O

DV NONN 48N 1T NN NIONA XD D NNY ¥ cDNA -0 119010 1TTav 0mwn 09871
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NOY TNPNN PTIPN Y 5NN XYM T2 3' UTR 989 Ny nnwyd .ommvin cDNA -0y 75
cleavage sites TN MINN O MIRN NN .Poly A signal -H 71PN 98910 79 DNINN

PYD ,DMIMIN MLOY PI IR DIRNNN NIIND MysnNa Nwys (SP) Signal peptide -5
-1 Q87 D PPONY AR DINN DXPINT DT PN DY DN DAPNND NI IXNWD .(2.13

NN 0 .(MpCP3 -5 890 7291) 05w NN NIATN H¥»N YYD Mnon ThHav DNA
MNP0 (NYNRIN PIVNND) DNIND NIPNNN NN IPHN N 16-22 INXRD 9N ,SP -5 imon

L7791 192V XN ©MWN cDNA -1 987 HY DI»INRNN DIDD .NMA) (probability)

.Myzus persicae n151 DMWN DMINPIVIPN DINIATNN 87 21NN .7 1901 1YV

5 Start N R&R C 3 Amino
UTR | ORF | ATG | Sp terminal type terminal UTR | acid Mw
repeats repeats
Protein nts nts nts No. of nts No. kDa
aa
MpCP1 72 678 73 18 (S/A)APAY RR-2 (A/S/IK)APAY 122 226 23.41
MpCP2 81 684 82 16 APA RR-2 180 228 243
MpCP3 ? 615 ? ? YSAP RR-2 P(A/S)YNK 216 205 *22.7
MpCP4 81 405 82 19 / RR-1 / 429 135 14.2
AYYP; GYQ
MpCP5 78 744 78 16 GQQ ; GYYP RR-1 228 248 26.49
AAPA
2 ]
MpCP? 90 354 91 22 YP(A/Y)(ATY) No 125 118 13.2

NMNN DXVNNN DMYN DN MMIRN 012°0 ; Molecular weight ,(Mw) .Signal peptide ,(Sp)
NIOR INPIN Hpwn Ny ap .SignalP 3.0 Ny mysnNa nwy) Signal peptide 0ypn »vn .11-15
-y DNAMAN 7910 mysnNa avyd  Nn IDnRXD m8mn 987 nyapy ORF nxoapn non

ANIDN OHY PPN NN * .BioEdit

Myzus 1195013 ©99YP0IPN DINATNN DY NN 1NN MKNIN 89 NNNYA .3.3.4

:persicae

NNYYY DIV OMNIONY OXTTIPNI OMIINN 0N cDNA -0 Y¥ DaxIN NN

DYMNN YY 27 ¥y NP2 (MultAlin -y BOXSHADE ,ClustalW) nnsina vy mysnna
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(Prnn PYNI) OMININD DOXIN DIVY R&R Mnwn 9NN IMX TIN»1 .pr/Na D NIYN
P7N2IPHND /N G2 DDTANN DY .OMYN DMINN DMNIADNNN NI DO TIN NPNY DMVUYY

-y RR-1) onon »nwn 8755 19951 nnwy) nxnvnn RR-2 »non »min p7nd RR-1 »non »inn
o MpCP5 -y MpCP4 :RR-1 o1 pnn »v nyinn wnxn /N s nxnvn (RR-2
MpCP2, MpCP3 :RR-2 n0n p7nn nWIZW NPINN INNOND /N 987 IRNVYD .16 /00 MHNNI

.17 on nnnna ny>am MpCP1 -

MpCP4 1 MQVIFYRISSLMMYAVAYS - — - — === == m oo
MpCP5 1 -MNpILYAYLVAVAVAIAAAPPKEAAKAFTFSGFPSNQAYYPGQQAYYPGYQ
consensus 1 * kk ..***T

MpCP4 9 ------------- -\ -\ -\ AGQ ————————————
MpCP5 50 GYQGYQGYSGFRNGYYPGQQGYYPGYQGYQGY GYQGYYPGYQGY
consensus 51 .k,

MpCP4 26 - - - —-—-——-—— k-

Q
MpCP5 100 NRGYYPGAPAVYPAVGAVTPAPI IAPVPVVPKVVSPVYKPVE E AmR
consensus 101 .-

RR—1 consensus

MpCP4 36 DSJAPSADGSLIM Q bIN[eF IKOQEEVR)¢H =HGPVS\Y Q
MpCP5 150 Q QEADVNGF YG ENG VAQAAG NAAQ SY
consensus 151 *
RR- 1 consensus
MpCP4 85 QT QTG VA= QPYGAHLPTPPA F QES =SPKY
MpCP5 200 EVK AD HAVGNV PTEEE 1 PN [MSL| Q DSK
* . *x **x Kk *x

consensus 201 *

MpCP4 135 Q-
MpCP5 247 KK
consensus 251

RR-1 101 029970171 0293902 HTNN 19IRN /N 989 AINNYA .16 9901 N3N
mysnana nnwyy MpCP5 -y MpCP4  ©9»9p0ipn §129N00 YW O1INN IPNHND N Q87 IRNYND
9870 no’nna .BOXSHADE 3.21 nyonn mysnna nnwyd 000t 0 nnn nwaTn .Clustal W naomnn
N YT HYN GOIN qON WHITIN IP IMD Yy wasn XM (SP) Signal peptide -n N Dyn vaTn P 900N

.RR-1 consensus Yv 10NN
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MpCP1 1l e MAYIFVV IMASIILE GS[EVAAPI
MpCP2 1 MKVFIILPLVVAMISATDVVETGAPIRYIASIEY TSHGPVIZgWAMLQPYYQ
MpCP3 1l e YERDGKQSEYPAP| EQEKY(VSQYSESME
consensus - . - - - - - e -

MpCP1 34 INa-- AAPIYAYAPSSYRI N - ————————————————————— YK

MpCP2 51 INal AMITAlY V 1ANARAK I VTPPARTVPVAVAPAKLVAPAVEV.

MpCP3 34 IWKPQ APHIPSYNINOPSQSISE----——-———————————————— AY=SNP

consensus 51 *. _*.* __ ... ..
RR- 2 consensus

MpCP1 60 PAAYGHESDEARNGEREYIE IR ISR SE Y ABENG YYIES
MpCP2 101 VVQVVPAQEQPDPSYTEANONeQ INGRSISOEETRQE-D R
MpCP3 62 SQKAHAEESYERENMK EESYNR E RGO K =E Splg-HQ

* * * ***x X X X

consensus 101 F oK K x| _FFxX

RR- 2 consensus
|

MpCP1 (NP DGSYRTVEY TADBMNGFNAYVKK ECNAZAGEAPAY SIYINTIAIN A
MpCP2 150 [olen IRV Naps P TINE =N VoS - - VQQIVF VS VS TDEVET IVD T
MpCP3 ANEIDGSRRTVEY TADERNGENARV KK E EBNOGVAEAPA Y R DO ANKEAR

MpCP1 160 P KAPAYAAPAYSAYKSSKAPYAPSMYKAP
MpCP2 198 I1EVEQARM-----——-———- SGSKAVPETK T@Y ————————
MpCP3 158 S NK——————— QESYSAQNK——QEGMKQSQ
consensus 201 ..... * -- * * I

MpCP1 210 SYSEANSAPAYAAPAY
MpCP2 = e

MpCP3 199 EffEMESN----------
consensus 251 . .. .

RR-2 %91 099750990 0231250 HY MINN 1390RN /N 989 HNNYN .17 1901 NN
nnwyy MpCP3 -y MpCP2, MpCP1 o0»%pvipn ©MMaonn YW M3NN INND N YY) DNNYN
p .BOXSHADE 3.21 m5mn mysnNa nnwy) 030 0 0RN nwaTn .Clustal W nionn mysnxa

.RR-2 consensus Y¥ 150X 'N 987 Hyn 90N ¥ITIN
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RR- 2 consensus N

RR-2 EYDXXPXYXFXYXVXDXXTGDXKSQXEXRXGD-VVXGXYSLXEXDGXXRTVXYTADXXNGFNAVVXXEX
MpCP1 SYDAPAPYNFEYSVNDPHTYDVKSQSEYADGNGYVKGSYSLVEPDGSTRTVEYTADDYNGFNAVVKKEG
MpCP2 QFQPDPSYTFAYQVQDQITGDSKSQEETRQGD-VVKGRYSLIEPDGTRRTVDYTADPTNGFNAYVQKSD
MpCP3 ESYAPRPYKFEYSVNDEHTYGIKSQKEESDGH-QVKGYYTLLEADGSRRTVEYTADE-NGFNADVKKEE

Aphids YFYVD T KSQ E G VKG Y L E DG RTV YTAD NGFNA V
consensus

2

RR-1 GXXXYXXPDGXXXXXXYXADENG(Y/F)QPXGAHLP
RR-1 consensus MpCP4  GAVSYVAPDGQTIQTGYVADENG Y QPYGAHLP
MpCP5  GSYSYVGDDGAPVEVKYYADETG Y HAVGNVVP

Aphids G SYV DG Y ADE G Y G P
consensus

Myzus persicae N353 099071 02HAYNN HY DIITHPN 2989 HXNY .18 1901 NINN

-n 981 98 M. persicae nm»on v prna RR-2 RN DX ANNND NN INRRD N 987 INNYD N
.DMIVN DYPINA consensus

-n 937 58 M. persicae mmon 5w prna RR-1 90X IX ANMHRN MINN IPHRRD N 987 INNY A
.DMIvN O>PINA consensus

-y RR-1 :R&R 20 ymiNn prna 90 consensus -N G879 MNT INSNDI ,DYTRI MIVIAND NN N
.DMVYN DYPINA consensus -N 987 NN 0M¥»N  RR-2

mm wnrn N .M. persicae nn»oa NN PrNN 2P DMWY D98I ¥ L, Aphids consensus
(DYTNA WAX)) DNV DOPINI TN consensus - 987 YN MNH 1n”51 R&R »o yminn pron 951

NMINRY 0PN 181 X .(MNWA 1ad) N1no2 R&R Mo ymnn p7nn DX P31 Mnt IR IHNRND /N
DNNDN NN 'NY MY

.M. persicae nm»51 pnn 5w R&R -1 7IAK M0 WA N10WI NI IWR IR N ¢

:Myzus persicae noyn 5123919 MY 09INPIVIP ©INATNY B 793 .3.3.5

M. persicae n1n»5n Yv cDNA -n N1»I90N DX TITA2 NTIAYN NIDINN ,DNTIPN DIYDA

DT PN INNYNL D NNYN DIMNNRD 97V PrAY (putative) DM»ORVLID 0D O

DNYP NN NN TN 7PN ,NNYY 192 DNMP IR DIOXIW NTNY 1IN Yy .DMNN DpINa
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-0 DRNYN Y Nwyy M. persicae nmna DMYINPIVIPN DN d9XT NN DN N2
M. persicae bv cDNA -n n»19on template YN 112200 0w panw DNA  Sw template
cDNA -n »a89n X722 INEPN DX ONNINN 0»ONAD 0oNNa vinoyy PCR nyspNoa
-2 77119010 INK ©vN PCR -n YW 172010 18I0 DO ,19 MNNA .DMWN PN DNXININ
uNd MpCP5 -y MpCP4 912y 192300 I8N YTV 90y NN 1NN DX 9 1.1%
o .cDNA -n n»ap dw template -0 Sy 98¥NW 133 511 70 M0 DNA -2 vimw nuy)
o v ,cDNA-n n»aon Yv template -n vy " DNA-D Sv 172000 »M8n  nINe
-n 9y MpCP5 -y MpCP4 Sv o nn Yia ov1annn .MpCP3 -y MpCP2 avay o>T1ia
N2y OV DY DNPP DY YWPNY N VIR ,DXDXDIN ¥ NYIP INRDY MMIN template

.MpCP5-y MpCP4

Mpcpb Mpcp4

M1 2 M1 2
by = "

« 950 - 80

+«700 & <« 400

Yy MpCP5 -y MpCP4 Yvw o’ax5 9ay PCR -3 1920010 991 91 DRHYN .19 9901 1nn

cDNA -n n»990 5w template Dy Yapnny Nty 1y DNA v template
.(DNA marker A HindIII + EcCORT) DNA -5 571 90 ,M .37 1N 1.1% 5w 9731 179990 PCR -n »3n
- IN INOXd L2 oo DNA Yw template -2 widw anrY »wapnnw PCR -n 980 NN avn |1

.cDNA -n nav bw template - 2 viw IR Wwapnnw PCR

NI5N5 O TNIPN DIRY DWWV MK ,MPCP5 -y MpCP4 03198921, 20 M1NN1A OONXIIW 9D

NNIN,DNMIVPN YW 0NPP  .cDNA -n 9392 ©0M NN DNA -1 0180 qUN (D1I0N)
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ov (splicing) 7NN NN NN nvannn (NetGene2 Server) midninn NMy¥NN D) GONI
gMpCP5 -y gMpCP4 o0 »wa 7 NIYIN ONIVIX MINDN (20 'ON NNNN) ,DONIV1N
YOIPN ,472bp HY ST TAXR PMIVIN DM GMPCP4 10 9312 :RR-1 »on prnd oo»nwnn
MY MY gMpCPS pin q¥1a .adnn YW N -n N8P 48 70N NN NY THPND MINI PN NN
NY TTHPNRN MN PN DX YOIPN ,NIYRI PIVON .149bp -1 85bp DY Y TN DNHVP DINIVIN
DN IHIN ND TTIPNN NIND PN NN YOIP YW PIVIX . NAoNN W N -0 N8P 97 /0N 1NK

.27NaMvn RR-1 Q895 71010 MINN 290 ©9X0°02 100 -5 ,))25N010 19902 163

AGTATTATAATAGATGTATTAAATATTTGAGC
GGTTTGATTTTGTTTATTATACT GGTTTTCTGCATCAGCTCAAACGCCGGATTGA
TAAAAACCCCACTGAGTCGCCC ATAGAGAAAAAGAGACAAGGCATGCCCGCCT

TATATGTTAACAATTTCTTATAA GCAAAAATAAATATTGTTTGTAATCGTCAGAT
TTGTTATTATCGCACA GCATTTGCGCACATTTCAGATT
gMpCP5
SP N Intron | P2 RR-1 C
1 16 97 98 163 164 190 222 248
gMpCP4
SP N Intron
1 19 48 49

GTATGCGCAAAATTAATTTCTTAAAAAACTGCGTACACTCTGGGTGAATTTTTTAAGAAAGCTAGTCTCGCACATACGC
ACTTATCGATCTCGTCGAGTATAGCCTCTCCCCTCGGCGGGAACATGTCGAACGAAATCTCTCGTAGGTGGATCAATAT
TGCAGCTGACGTTTACAACGTAATAACAGTTTGTAAATTAAAAAAAACTCAAAACCCCAAATTAATTCGGTGGCTTTC
TGTACAACGTATCACTGCATTACTCATAAGTCAGACCGCATATCGGATGGTTTACTCATAAGTAATAGGACGTAGAAT
TTGTCAAGTGATTTCAACGTTTAAAGTCATCAGCCAACTATGGACCGTATTAGTAGACAATTTTTCGTTTAAACCCTTA
TCATTATTATAATCATAATTTTAATATTTAAAAAAACCGCACACTTCATGTTCCTAACCACATTATTTATTCGTTTCAG

.gMpCP5 -y gMpCP4 09920171 8531 N331 INNY 11°595 112950 .20 9901 NINN
on¥vn P2 - Pl proipn nadna N -0 nxpn nx Oy N ; Signal Peptide -n 918 NN ax»n SP
MMYN IMND DX N RR-1 ;970 000 19 0903 MINNN DNIONND 1O TNR Y35 DOTINY DI
DNIVIRN ¥ .2AN2 C -N N¥PN IR INH C .(PVIN YR ONYPI 17IYN) DIIPPVIP DMNIYNI

-y gMpCP4 -5 [DQ223895] : NN DN 222 D731 DN WY NYHIN MI9DN) .NNDIIDA PIND 1IDIPI)
.gMpCP5 -5 [DQ223896]
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-n D) YW NMHT 1IWar M. persicae nnon Y cDNA-N n»17902 07PNV DAY NTIVN

D) OX O DIWIVN DPX PN DAY NYIAP ,MIYRID NIVIRD NNNON O i) DNA

.N2Y M52 DMINPIVIP DINIONY

w1na Myzus persicae  nbyn mm0 YU 0M9PILIp  DINaAYN NVYa L3.3.6

:Escherichia coli

DMLY NN VAN ,ODTIPN PYDI IWINNN WX OINPOVIP DMIADNY D) DY ONYP IYWN

O TITA AWVINY INPIOIP NAON (2,16 PYD NINRD) MY PNIAONN IR DAPO NIVNI DXPTOINI

727 M. persicae n1m°3on YW PR T DMXOD DTN NIDNY IOPVINRD 12 WHNWNDY IWORND
MpCP5 - (RR-1 mmw anx oy) MpCP2 pnin »io v 15 091N .1 Ty O»P 1PN ROV

2Y NMINNON PN DY OINID NI WY 9915 (RR-2 9mw anx oy)
DV NP NIVAR PTODMIN NN . PTODN MY 6 PI/NY DM 1AW DI NP TNNY

NI) Ni-NTA 5N 1ot DY 199701017102 P7N1N MAYN IRYND DYPTOINL INVIAY DIMNAYNN
PYD ININNI DOPTHNL INVIA WX PPN 03N (A, B, C, D) 21 'on nymna .(2.17 Pyo
v 890 Nt .SDS-PAGE -1 y199ym Ni-NTA Yw nvowa 2.17 p1nn »125nn pn ,2.16
vy 21D -1 21C mmmnna xwxm IPTG oy mypry1or anxy (Lysate) ©¥p1nn N¥n1a prnn
SV NVOINA PN YW C -N N8P PPV MY NNINN OVIY-TN YTHNI YIDY MYNHINI
SDS- -2 onT9m p71NN "MNA5NN 0Mp» XY (MpCPS -y MpCP2 ) pnin .western blot
.Elute 2 -y Elute 1 o>¥yya o m PAGE

SV NVXVIA IR N ¥ NYARPY YWY (MpCPS -y MpCP2) »vraa uapnnw prnn »v

DYNVINN DINIATNN KW DM NN WYX DAPNNW INNIND /N 987 ,(2.9 Pyo nn)) LC-MS/MS

.DPNPVIP DNAIND DPTINI
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MpCP2-(RR-2) MpCP5-(RR-1)

c c
= =
< 8 & 8
® S Imidazole Elute ® S Imidazole Elute
kbaM & 2 1030 1 2 kDaM © o

1030303 1 2

PN ©INVIINN M. persicae nmiann 0949 0IPN 05NN SV 17190 .21 1901 NINN

P 1nn »navnn Escherichia coli

Un-bound ; IPTG oy mdSpy1oN INND P90 21290 595 NN »n Lysate ; 0121505 51 a0 ax»n M
MY NPPNT INKY DNIAYNN 9179 NN ax»n Imidazole ; Ni-NTA-Y ywp) DY 025NN NN 8”0

Nr8ONN ONWA Ni-NTA -0y 0mwnn p7nn DX s») Elute ; Y17 mmN Y oonon
5w MaNNN AN 0¥ D -y C nnrann .Coomassie NYIANY NTINN INKRD DN X O8N B -1 A
SV 1127721 DTN WY MIWNT NONRY (1:40000 Sw 51d0) DXPTODNIN THID PVIV-TNN JTIND PPN
SN Mo XN L(MIXNN2 0.25M - 0.3M 5w 11o72) EDTA -y S0 N wmdw v id8oNs .0.3M
951 Y7990 OM1AONN) .OITHINN MONY DNIPVIND WYY LC-MS/MS -1 937 nyaph b prnn

.(electroblotting -1 11919%170% ¥ MPN SN M (D - C) .12% SDS-PAGE oomaon
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:mM23982 MpCPS -y MpCP2 ,0%9%p°01p0 ©9290 1235 0219 199N .3.3.7

YTIMM (2.16 Pyo NXI) E. coli -2 vz qun (MpCPS5 -y MpCP2 ) p7nb £33 »v Sv 013N
Pyo IR Ni-NTA -n 9790w P o7y 09¥2P00)T IN DX20) DININA DXPTHNN MNIAONND
POXN DIV GONIY APOIN DY NXTPN NN .NIND DITHN NYAPY IOLIND WY (2.17

P7NNN NI T DTN DN NN NI YD NNNXIN (pre immune) MIAIND
VIIWY P7NN TN NANN DIXIN ,N0NY DXAPOINND N’ 1D 9122 PNIAND 1,22 /0N NHNNa

Twa MpCP5  p7nn »n°1a namy nann AR MpCP2 15 1100 20 18D pyn L J»vINd

MpCP2 oy 2230 X5 TX MpCP5 105 2030 MpCPS 1015 ymhnnv

1 2 3 4 1 2 3 4

MpCP2 MpCP5 M MpCP5 MpcP2 KD MncP2 MpCP5 M MpCP5 MpCP2
e
el
—47.5—

—32.5—

—16.5 —

B2 B1 A

Myzus persicae Yv 0992°0P B350 1339 DI1INN NAND .22 990N NNNN

A 7ann IRSNONY AN N8»HN B2 -y B1 mwaann .nynannn Sv Ponceau nydas nxan A myvann
B2 7271 ;(1:1000 Sv 5in) MpCPS p7nn 35 20701 YTnn oy nno numsy Bl nyann
.(1:1000 5y1>n2 MpCP2 »2>0M037TN P/NN T332 YO NVITN YTIND OY NN DYDY

4 .11 ;MpCP5 prnn X 0Ns»n 3. 2 ; MpCP2 p7nn N HX»1 150290 YW 971 9o ax»n M
Sv Mm1ann SR Maym 12% SDS-PAGE oma5n 552 y19n 0o2aonn) .MpCP2 prnn X 01)8»n)

.(electroblotting-1 151587V
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2991 MpCPS -y MpCP2 -5 00590 0299p°01p 09a9nY cDNA 13 .3.3.8
: N9y M5 HY 090N

MY ITIND) ,NYYN NN DY DMWY DIPNI PNN DWW INNND N G892 NHMPN NINYN NN TIDOH
NN ¥ N2 MpCPS -y RR-2 mon pAn X ¥»5 9n1) MpCP2 : 0»nproip 020N
A. fabae ,B. brassicae ,A. gossypii) : 11350 01 RNA -n 595 npan .RR-2 non prnn
-N Yv MY NIvaN (poly-T) Ynn oy (Reverse Transcription) Yv moxpno (R, padi -
-y MpCP2 omn mspd om»dxnnn 0»8ap 0onna vinw .(cDNA) odwnn DNA
DYDODIAN ¥ NYAP 57N NIBIDN NN DINDIMNND DXAXIN DY NI TIT 1wan MpCP5
-2 DMNIMNN OIMNIATNT DY INNHND N NI NN IIWIR DMWY MNNON 20N cDNA -0 Sv
DMV MN1ON a1 MpCPS -y MpCP2

NyaIRn MpCP2 -5 05 yminn p7nn SY 3NN NN 87 DY IRNWN NNN 23 7010 NN
(R.padi -1 A. fabae B. brassicae ,A. gossypii) :D>D1 NYY NN 3N

NONIND WNIND N G812 M2 YPRT 0XI - MpCP2 -5 oomdmnn ©mmMadnn »d MIXID 1N
1957,30 'O NN N =D 11 70N IMNN N P IPNND N G812 ODTIN 9 INYD) DO DTN

q98921 78 0112 (P) 19719 150K D /N MIND) .AYYN MDD N PP NN DITHN NN NN AN
.M. persicae n1°5Y P73 TN NIvNN

WNRN N IUND TN HTIN T2HND 00N MINMON PN 19P2 MY 88N RR-2 -0 MmN
no5mn B. brassicae -y M. persicae nbyn mn»oa1 nyomn ,(1a5na 144 'on) (R) prx
R.padi -1 A fabae ,A.gossypii mm51 ,(Q) yHVIZN WNIND 'ND

B. brassicae nmn5m M. persicae 10350 v, mMydasn INND N 98T NNNYN MINSIN

APTAIV DINRD DIPNHN 1P MITIN G¥I2 M2 MDY MINRIN
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HpCP2
BbCP2
RgCP2
RfCPZ
RpCP2
Consensus

HpCP2
BbCPZ2
RgCP2
RfCPZ
RpCP2
Consensus

2 3 4 56 8 9

I

l 20 3o 40 50 60 10 80 100 110

1
1 10l
, )

120 130
t |

HRYFIILPLYYAHISATOYYLTGAPARYYASSY TSHGPYPHAYLOPYYOSAPLYAY TAYTAPARKYIATAPAKIYTPPARTYPYAVAPAKL YAPAYPYAKYYOYYPAQFOP
HRYFIILPLYYAHISATOYYLTGAPARYYESSF TSHGPYPUAYLOPYYOSAPLYAY TAYTAPARKYYATAPAKTYTP-ARTIPYAVAPAKL YAPTYPYAKYYOYYPAQTOP
HEYFIILPLYARNYSAREYYITOVPATYYASSE TSHGPYPUAYLOPFYQSAPLYAY TAYRAPARKYYATTPAKIVTP-AKTYPYAVAPAKLYAPTYPYTKYYOQYYPAQFOP
HEVFIILPLYYAHYSAREYYITOVPARYYASSE TSHGPYPHAYLOPFYOSAPLYAY TAYAAPARKYYATAPAKIVTP-AKTYPYAVAPAKLYAPTYPYTKYYAYYPAQFOP
HRYFIILPLYAAHYSASEYIITOASARYYASSF TSHGPYPHAYLOPFYOSAPLYAY TAYAAPARKYYATAPAKIYTP-AKTYPYAVAPAKLIAPAYPYTKYYAYYPAQFOP
HRYFIILPLYAH!SA, #¥! iTdapAaYYaSSZ TSHGPYPHAYLOPZYOSAPLYAYTAYaAPAAKY ! ATaPAKIYTP ., AkT ! PYAVAPAKL ! APL ¥PYLKYYOYYPAQFOP

131 140 150 160 170 180 190 200 210 220 228
| + + + + + + + + +

SOEETROGDYYKGRYSLIEPDGTRRTYDYTADPTHGFHAYYQKSDYOOAYFYPSYSTODYETIKYDTIEYEQARYAPSGSKPLKNTLAYPETKTKTGY
SOEETROGDYYKGRYSLIEPDGTRRTYOYTADP THGFHAY Y QK SDYOOAYFYPSYSTDDYETIKVDTIEVEPYRYAPSGSKPLKHTLAYPETKTKTGY
SOOETROGDYVKGOYSLIEPDGTRRTYDYTADPTHGFHAY Y QKSDAOOAYFYPSYSTDDYETIKVDTIEVEPYRYAPTGSKPLKHTLAYPETKTKTGY
SOOETROGDYVKGOYSLIEPDGTRRTYOYTADPTHGF HAY Y QK SDAODAYFYPSYSTDDYETIKVDTIEVEPYRYAPTGSKPLKHTLAYPETKTKTGY
SOOETROGDYYKGAYSLIEPDGTRRTYDYTADPTHGFHAYYQKSDAQOAYFYPSYSTDDYETIKYDTIEYEPYRYAPTGSKPLKNTLAYPETKTKTGY
SORETROGDYYKGqYSLIEPDGTRRTYDYTADPTHGFHAYYQKSDa0OAYFYPSYSTDDYETIKYDTIEYEpYRYAPLGSKPLKHTLAYPETKTKTGY

[ == ] 0

| 1
10

SYTFAYQYODATTGDSK
SYTFAYQYADOTTGOSK
SYTFAYQYODOTITGOSK
SYTFRYQYODUITGOSK
SYTFAYQYODATTGDSK
SYTFAYQYODOTTGDSK

RR2

MpCP2 padny 05993907 ©599Y7501P0 019NN JYW NN 139NN /N 89 ARNYN .23 9901 NN

A0y MINSD HY 029N NYaINa

Aphis ,Brevicoryne brassicae ,Aphis gossypii) noyn n51n 712 MpCP2 1Y »51mn cDNA qx9

1 — :0M%01mNn ©¥N 1N MultAlin Nc>na nnwys nxnwnn .(Rhopalosiphum padi -y fabae

0299 B -1 A -2 00)m0nN ©WITIN ONIP MY .NTTIA NN N¥NIN DD TN OINN HN 090N, 12

M9 RR-2 90X 5W IdNIND /N 87 .DNRINHAN NXNIND 9N DY 4892 09721 198 DN DMINTN DN

MMONN SNY1

NvYYa MpCPS -5 0m5ymnn p7nn DY TN NAONN 987 DY IRNYD N8N 24 70N NNNN

" MXRIY J mna (A, fabae -y B. brassicae ,A. gossypii ) :ndy mnno Sv DN

OTIN HY OMNINND MIND INNHRN N 9872 M) PNRT 08N MpCPS -5 oo imin omadvn

NI L,59 700 NN /N =D 18 /DN IMNN /N P2 NNNN NN /N 98T APNINRD /N G872 DXOYN KD

IN 0N DPXNN DIMIN IRNNI INNND N N0 OMNIPY TA01 .NMINNIN 2N PA DTN MV NN

PINON INND N DY NODIN .ANNL DIMONN D -1 C 01RD DONTI NN /N DY NIDIN

N OV 9811 oo 1an LA, fabae -y A. gossypii min5a P NNRI PIAONN 9872 115 0pn1a (A)

M. 132352 DNMY (PNADN2 200 'ON) PID (SHPNND N : NI DY DIMPII2 MY DT IMNN

PORY (V) WNRD /N .DMINRD NINMON N (A) PINIDN IPNND N NAOMIN TN persicae

N9oMN B. brassicae -1 A. gossypii , M. persicae : Y¥N M52 NN IWN (223 'ON DIPOIN)
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HpCP5
RgCP5
Afcph
BbCP5
Consensus

HpCP5
RgCPs
Rfcph
BbCPH
Consensus

MpCP2 , »pT1a OMN PN NVDY P » IR LA, fabae 117252 (A) PINON NN 'ND

M2 MAN MNYN DR RN MpCPS ,0omwn min»on »n a9pa (MpCPS - YMpCP1)

5 6
1 2 34 7 E
l l - ll = < l l - l
1 10 20 30 4 50 60 10 80 90 100 110 120 130
3y 3y 3y 3 3y 3y 3y I

| ; ; } } } } } } } } } }

HHTLY YL YAYYARYARAPPKEARKAF TFSGFPSHOAYYPGOOAYYPGYRGY 0L YD GYSGFRNGYYPGAARY YPGYAGYDRYYPOYOT -~=== GYNGYYPGYOGYNRGYYPGAPA-YYPAYGAYTPAPTIA
HHTLY YL YAY TARYARATPKERYKYYPYSGFPYNOGYFPROOAYYPGYORY DG YH==F GFRNGYYPGAASY YPGYOGYORYYPO Y A= GY0RYYPGYOGYHRGYYPGAPARY YR TYSAYTPAPTIA
HHOLY YL YAY TARYARATPKEAYKAYPYSGFPYHOAYFPGOOAYYPGYAGYOG YH==F GFRNGYYPGAASY YPGYOGYOGYYPG Y (A== GY0GRYYPGYOGYHRGYYPGAPARY YR TYSAYTPAPTIA
HHTLYYLYAYIAAYAAAPPKEARKAF TFNGFPANOAYYPGYOGYOGYYPGYOGY-==5GF RHGY-PGO0GY YPGYOGYOGYYPGYOGYOGYOGYOGY YPGYOGYHRGY YPGAPA=YYPTYSARTPAPLIA
HHELY¥LYAY ! ARYARApPKEAaKaft%sGFP  HNaY#PGqlaYypeYqGYOGY, , , sGFRHGYyPGON2YYPGYAGYOGYYPGYL, , , , . . GYQRYYPGYOGYNRGYYPGAPA, YYPLYsAVTPAPLIA

131 140 150 160 170 180 150 200 210 220 2]0 240 250 254
| : : : : : + + : : : : |
PYPYYPKYYSPYYKPYDNKLPATIROSOEADYHGFKYGFGTENGIYAOAAGYYKNAGSENARDYTEGSYS YYGDDGAPYEYKY Y ADETGYHAYGHYYPRIPSETAKSLELTASOPOKPEDSKKK
PYPYRPKYYAPYYKPYDNKLPATYROSOE YHTDNFKYGYE TENGIYAORAGYYKNAGT DHAYOYTEGS YAYYGDDGAPYEYKYYADETGYHAYGHYYPRIPSETAKSLELTASOPOKPEDSKKK
PYPYYRKYARYYKAYDNKLPATYROSOEYNTONFKYGYE TENGT YADRARGYVKNAGTDHAYOVTEGS YAYYGDDGAPYEYKY YADE TGYHAYGHYYPYIPSETAKSLELTASOPOKPEDSKKK
PYPYYAKYYSPYYKPYDGKYPATYKDSOE ADLNGFKYGYE TENGIYADRASGYVKNAGSENAYOVTEGS YAY IGDOGAPYE YK Y YADE TGYHAAGHYYP§TPPEIAKSLEF IASOPOKPEDSKKK
PYPYwpKYYsPYYKpYDnKLPAL ! rOSOE 2%, $¢FKYGZe TERGIYADASGYVKHAGS $HAVOVIEGS YaY | GDOGAPYEYKYYADETGYHAwGHYYPYiPsEIAKSLELTASOPOKPEDSKKK
D G L J L]
F G T H T TT T RR-1 T |
8 9 10 11 12 ‘ ‘ 15

13 14

MpCP5 13505 99091907 02999750990 ©INATNN HY MINN 1NANA /N 989 IRNYN .24 9901 NNNHN
1YY NN YY D NYIYVA

-1, Brevicoryne brassicae , Aphis gossypii :noyn mm3on 712 MpCP5 1Y »5 1m0 cDNA 9%
DIMN YN 090N, 1 — 15 : 019011 o33N 19N . MultAlin no>na nnwys nxnwnn . Aphis fabae
N9%) ONA DIMN DY DOWIANN [- A : DIMODNN DOVITIN DNP NIV .NTTIA NN N¥MINA DYDTIN

7922 o RR-1 90X SW 10Rn /N Q89 .NNXRIDHN NNNINKD INY DY G893 MY

P90 99999 .3.3.9

DNMOINNN DNV DONN My¥NRa M. persicae nm»on Yv cDNA -n oo v npo
o0 ¢cDNA »axy nwmn S¥ oNa NIWON PN =Y D)2 DINNYI DIWNPN DINND

D98INN N INND N 987 1N .M. persicae ndyn nnoa prnY (putative) D»IONVID
DMV DOPIN SV PN VTN MNYN INRD NDD DRNNA DNPIZN NN VAN

INND N 987 IR 0990 WD MpCP3 -y MpCP2  : pnd D 11pnd 091NN DXANIN MY

N8N MpCPS -y MpCP4 :pn5 ©17pnd 0»nnn 09870 MY .RR-2 non prn »annn
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2791 X3 MppCP -5 17115 »1nn 98710 .RR-1 000 P70 129807 10RN N 987 IR 09910
NI D NN PNWYN LR&R -1 9NN YW 89 XN XD TN PN PYAINDD IPHN N DY DN 989

OTPNO DN cDNA -0 Yv 0o0an 9810 oxnNa  .R&R »Mon prn bw oY 7rnwn
MYNNNI TITA) NI2IND ,D29XINN N7 NP MY DX O1HNID DYNN MIN 00N PrNd

.M. persicae n1n25n Yv 1) DNA -n 0»9p>01pn 0930 >yopn Yw PCR nyspro
172N INNYNL M) DNA 920 9und Yapnny oo 0an 981 PCR -0 980 D7) nxnvn
(cDNA) 9»220x0190 DMNN DY NPT MUK IWIR 0987710 X752 cDNA -0 n»ap Hv
RR- »on pno gMpCPS5 -y gMpCP4 020 »va p7,901m2 .0y Mindda D»9p 01 D)0

PN 93121 472bp SV 57132 TAXR PIVPN N gMPCP4 10 9¥711 : 010X MNOM NIMN 1
D)2 D77ANN YY TINYY N1V .149bp -1 85bp W 5712 DMIVP DINIVIK MY I gMPCPS
gMpCP2 pn% »n 9nay ,omvin R&R -1 »Mon noyn mndd S 0»mnp oipn 029N
TwN 09NN .RR-1 non prnn nxx» 9n23 gMpCPS p7n5 1pm .RR-2 »on prnn nx ax»d
,PCR nvspnoa mysnxa ywan ,gMpCPS5 -y gMpCP2 : o)nn X775 MNP 7Y DX MM
A ) NSy MDYV DN DYNN WHN DD 0NN cDNA »87 Sv Ty NHN
N3 5% NYRNN NN N oaxy nxnvn (R, padi -1 A, fabae ,B. brassicae ,gossypii
PYNNN N’I2 DMV ONHYN OINRND DY ¥y Noap nvax ,MpCP5 -y MpCP2 : pninn
- 98N MpCP2 -5 pin 987 19 115 .0Yyn 000NN OMVN NOYN NN PN 29PN
-y MpCP2 prnn .0»pooip oaon nvapd E. coli »p1ona wvia MpCPS -5 ¢cDNA
D»PNAD DTN NOIAP TNXD MAIN NOND WY PTPNN »NAYNN ONTIN KD MpCPS
PINY DYTTIPNN OMYN DXNIN DY DAPNNY YN 93 .NYY NMN’ID DMWY PNN OND TN
DY DMINPIVIPN DMNATNN TD WAPNNVY ,0Mvn D> (GenBank YN nHw)) ,ndy mn»oa
DX2AMYNN PNN DY PN POIN PONA NTIAYN TwNNa NMN Ww M. persicae noyn nndo

DONPPOVION 99NN NAON YN N
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IWNY 01”9 PVIP 09a5NY ZYMV HY 99900 1adn 1’3 npotn 11oN 3.4

: Myzus persicae puaann NYY H192399

NN PTINIAY PN NNX 55N DNYNN DMININI YNIND DIOIPPVIAN NP 1D ,DIYWUN

N25MNN NNPPVIP DNI¥N YN D INN .(Ammar et al.,, 1994; Wang et al., 1996) nbyn

DN DY MY PV yw) PN (embedded) ©ypwIn DN PV HDON IPEYA
DXMYDY PIND PHRY DOTIN DI PN ,ONNIYY .ANPIDIPN DY 1PN MNAN NN ONNN) DN

.PINN DY NPOYNAD MNNAND NMVTY 9N
LD01PDION INATN HN NPNA DXANMYN PNN D NN LAY HY Nt PINA XYIMN NIYYN
1N DY L, DXDIPPVIY M MIPAYHN MNYD MNNANNN NNIT D52 1Oy MNND ) NP
WK ON NMIDN MNNAND MY DPPHXAD DPRY DM PN YD ,NMIA) MPIADA PN

DINRIPVIAN IAONN NYIPA DIANYNHN

OMIAON NP 7Y DIOYPPIA DY 19910 NP MDY PR NN ,MIVARD NPT ,NYPNN2
950N N mysnra E. coli ypmona M. persicae nn»on Hw cDNA -0 n»190n INvIAY
5722 NXIWI NDOM PN’ .02 OINN NNVPDN MINT MKRNIN YD 30 KXY DT IPNH PP

"X NMYY (eukaryotic) NOYN NNID DNPNRY DMNIATN DY TIY MNVXI2 OOPN XMINNN

W PNONPII 1D NIAONN DY MY TONN O»p XY 01 (prokaryotic) E. coli o»p1na
-7 NPIADY DIWN NPNY NP1 NNOXNN IDIND NADN MIVIN PN TIND NN N1AONN
PN DY .NOYN NDO DY INIAONN HNONIDIFN HDD NN NN MNRVIM NMHS»N PN cDNA

995NN DN NOYN MNAMION NN WX PYAN DY NP N1NIAY IMON YOI NV DN
Y2 DMPIINY (1191 NPVIDN , DN NND) DMV DXPINI DU PN NN N TY  IONRPPVIN
oY MMMD MNNY TNY 7PN ,0XTHNN YOP PTN DY .NDY NIMMDN NN DT DXTIN

.M NMndv
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:Myzus persicae nvyn NN*9N 099PIVIP BNATN NN .3.4.1

DMINNYN DYNY PVIIN DI DNPY P/NN DNYPM N¥NDN NI2Y ,PIN 1YY NHPIOIP
719201 225N NN IWANRD DI PXNIND TNY W ANPIOIPNN P7/AN NX 1INV 1 Yy .Mopa

D2PPVIPN OPON AR 1) NIPIVIPNN PON DPNY
N3 nwyd , (Fristorm et al., 1978; Nakato et al., 1990) o nx ©*pINa MHNTP MTaya
2.11 PYDI MININNN IR MY DDA DY .DMY DMININ MYNNINRI PYPIN NNPOPVIPR PN

4M ,8M Urea :DNX2N DMXINA YINOW TIN N9Y NN N¥NN NYYI DIMIN MLV P93

T99)2 901N 0NN 87D 1% Congo red W 1% Calcofluor ,Guanidine hydrochloride
.00 DY NNPIVIPN YPON NN NYI1N NINAN DN

»95 1% Calcofluor -y 8M Urea ,0W 1IN2) MMWYKI NPNIAI DY NNIY DININD PN
N 8M Urea ©11mNN »v1a YO INRD DAPNNY P7/NN N¥D ,25 /01 NMNNNA NINID MY
DNV 295 DD T) DY NNV DMNIATN PN D¥IN NN .MT ©9T IXIN 1% Calcofluor
.100kDa 25 6kDa pavw 09710 Nva DIMNIATNN YW OINDIPYIND DPWNn ¥) 9% NNNna
DINN DXPIN DMV DXPIN INMY MY DT M. persicae nmdon Y prnn NN 919179
-5 5kDa yay 0570 NN DN DM INIIPOIN HPYWN YO¥I DN PINN NN 2D R
Spwn *vya prn oy NN NN oy T L(Fristorm et al., 1978; Nakato et al., 1990) 40kDa

231 8M Urea mysnna p7nn M¥dn > N9y ,25 'on mmnn .90kDa -n nmaxn MXPHIN

1% 2N DY N¥NA PYNND NVIND 191 INY NDITI NN DMAON DY INY AN NN
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(kD M 1 M 2

175-[ e —
83- |

62-
47.5-

32.5-

16.5-

6.5-

A B
Myzus persicae noyn 19233 YY 099992017 ©INAIN HY NHND MDY XNV .25 99010 NNNN
. 1% Calcofluor -5 8M Urea :D*91mnN %Y MYNNNI
1%  mMy8nN2INIMY IR (A) YRpDwN axn 8M Urea MySnxa IINY 0»91P01pN DINIYNN D919
12% SDS-PAGE -1 nnwyy 073000 .0Maon Hvw 5 nooan M (B) o 783 8m Calcofluor

.Coomassie -1 nyasm

vIN'Y MysnNa Myzus persicae n13%901 MY 09INPI0IP ©INATN M"Y .3.4.2

:MpCP2 59920991 PaAsNN 1230 12NV 011

7792 ,2.18 YDA NININ NOYN NNMDN NN PUNN DY NPT TNXY IWDOWY DTN NION

ND WX M PO YAPIV PN MAIN NOIN INRD 1DAPNN ONITHIND .NMVLIY) DIMNL POIWN
IN DDV DONINT PTOND MNIAZNND TIND PrAM PPN XVIL PN 9871, MpCP2 bwa
NAIN PON INND WYAPNNY DTN 1D ,717%22 PNHIAND 1N 26 /DN NNNNL  .DODVLNVIT
99307 NNNA PNIATN YDA 17 -5 DY NMT IIVWAN (1 /01 MI2HN) 220 N0)T MpCP2 nadna

Y09 8 -3 P IMY (2 70N MINANK) PDVIN AN NIAYNN T HYAPNNY DITINN ,NINT NIV

PYNY PN Y DPTINL NN AN TN NN, NPT DMN DITINN MY .NN2ION N¥NI NN

1M 199) NN MNDNTA DINKR PN DR (cross reactivity) Navs nNann oxmn MpCP2
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PN YR 0N (25 Mvan) M. persicae Yv "3 INNHY DINIAYNN YD YW HYTHn D 2D ,PPoND

JITY D20 HY DMINPIVIP DINADN THID DDIID DI TY PYNIN NNTN INT D IND ¥

o MpCP2

(kDa)

M Ext. Ext M Ext.
175-
83-

62-
47.5-

32.5-

25-

16.5-

_ Ext.

A B

Cc

021 MysnNa Myzus persicae nYyn N1m92391 NYINA BINPIVIP BINATN MN1T .26 19D NINN

MpCP2 5

Y NN HY NNT NINT MYVIN Ext -1 0)mM0nn 03X9ynn X751 .0MA0NY DTN 1H0 dx»vn My

M20NN 19N IR Ponceau nyax (A) mnann .M. persicae

noyn nmon 8M Urea oy prn

P70 T2 31D CA ODVNLIT PN TN JTHINY,(B) .Y 3TN quny DN NWN TRR Y31 ,NONM

DTN NDYNN NNV DY MHANN SN NN ,12% SDS-PAGE -1 y19n 0adnn 200)

.western blot 5w nvHNa (1:1,500) S Hrna

:Myzus persicae 11353975 M3 039N X ZYMYV v 99571 pavn Y Apsth ndna .3.4.3

.27 701 N2 X M. persicae noyn nnon DMIATNN NN HN 195NN DY 1PN NdNa

.Far-western blot Yv NV W2 N %1 OMAON DY 23 ZYMV S npnn 1950 ,nnnna
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DNAON SV NANNN Y09 NYIYY DY DOWIANN 27 /DN NN YT MY DIWINNN DINNN DYDY
ZYMV 5w 995010 YR NP2 DIXRINY MNNIONIN ININY

09250 125 SININVIDN 19NN PAYN P2 NPT NININ 12 PYNRI NNT NIN MMHMN INHIND

.NYY 13939 HY OMANPIVYD

kba)py 1 2 M 1 2

175- (G-, S
83- | =
62- 1
47.5- -
32.5- -
> —
: Py _
25-
> —
16.5-
6.5-
A B

NYYN D129 HY NN OMINPILIP BN HN ZYMYV Sy 9a5nn YW 1Pt 119na .27 9901 Nnn
.Myzus persicae

Coomassie -2 ny»ay XY 8M Urea mysnxa M. persicae noyn nmoion 11ny 0oN1aonn 99119
DXV MNHNTN MYLN 1T .(B) P00 MIsm M802 091290 IX 195010 DY NANN .(A) HRDWN I8N
12% SDS- -2 Y1990 DM129NN) W NN 2 NPYURI NN, .0NAON DY DT o M DN
P ZYMV 5w 13510 200pg 9010 NMy1anmnn DX .120XIv) v ndann S8 avn PAGE

19571 Y N -1 N8PA NNHNN DIPTIODNN 987 THI Y0IY-TN 1T MYNHINI INMT NYPN 199710 TN
.Far-western blot v n15Na (1:4,000) 5w 5yna (His-tagged Helper)

Ni-NTA 58 ny»ax S P99)0mn52 NP 199100 125N *
.29 701 NMHINNA TYNNA 3217102 MINDWI NPIIN NDND NPYHOYW MNpa +
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:KLSC 79w 92 non1p) 1980m oy His-tagged 1990 avn n39n .3.4.4

N yp TVMVA PVY 5w 99500 padna KITC Mnun MmNy Now ,mnTip mmaya
mn Yy .(Wang et al., 1996; Blanc et al., 1998) min»on pTNa (retention) ©YINN MINYN
ZYMV 0y pp0;Idn DY 0ay N0 TN8N 1YY P00 NP2 2MYN DY PNV INX DX )PNID

PN 12 vay PN 8N Vay .ELSC-5 KLSC-n 9mwn 91Xa 99mn IX 920 919°0Y 1N
NPYIN DY 1P97IVNIN0L MIPI NN IWIRD 1IN DY DINTOION NYAVD TYPP D10 Hw 19519

N avn H -n ,ZYMV 5w vavy) ZY-H-ELSC »»p Yapnnw anmnn vavn Ni-NTA SN

,1T VAVN YDV OIYPIN Y (MWD N 730NN IR AN ELSC - ,000710oonn mnon

NYY ,PTNI MIRYNA 2YN 1T MIN,)ON DX D21 NIV YOI N1 TYI NPNY NNN

.DMMYN DMDNA NPDODY NNPIID WHRYD DO P/NY NP 2V DYDY
ZYMV 5S¢ 01NN ©vava vy mysnxa nnvyy ZY-H-ELSC vyomnn vawn npy
MVOYY DININT POIWN PI192,2.19 YDA DININDI NNTIVNI OMNNN

NOWNN DX MY¥NINA U9y ZY-His-ELASac 110590 :09p9n N19NN by 1119 onbd
95NN DYDYV 6282 Y TN YOPN TTNIN PON NVPY - WMWY NP S IND 912°vN 98N Sac |
uN NIb Padnnm Pond 11PN IMNNRY Ty PWHNN 999100 NIASNN PIND TTIPNN IMNND NN
mysnNa ZY-HCA9aaEL  »2o0p9»Nn vavn DX 90N TNodbon Hv 510y 9nNd Hapnn
2vn NN TN Kpnl -y Scal ,Sacl :n%axnn »mnx nvdy

NP DPTVDNN MY NIDIN NX DonN ZY-H-ELSC wpryann mnodan »nn M20nn 98N
. 280N NN NN 1990N N2oNa2 ELSC v npxvmin nxy 19500 YW N -n

YOPN NN DDNN INNN DY DXO0IN 987 NP> 0vwn ©nnyd RT-PCR Sv MmN
DOXPPOVONN MIMY G¥ID TTPN NIN D, NNKD NIVAX 195NN NAvM P1 padnn 9100 1Tnpnn

KLSC anNa 1m0nvidd/n -2 P nadnnog INTIPIN 1PX0IMN DX 901 1991710 Dv N -n Nypa
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Scal

Scal

TxHis

SacI Kenl geal Sact Sacl Kpnl
/ : 6282bp |
3°-NCR : EL 3’-NC12 $SNCR c PNCR
Pl chl NIb | CP B ]N(A)(,,
i pi | o [ p [ a [[ Na| no[ cp dme
6K1 6K2
ZYMV-His-HC-ELASac ZYMV-HCA92aELSC
Amp
7xHis
Sacl Kpnl
Sacl
5’—I\ICR SC 3’-NCR
F (A)gs
3554 p1 HC P3 CI NIa NIb Ccp
6K1 6K2
ZY-H-ELSC
Amp

ZY-H-ELSC »3»0p2yNn 0ayn YW 1920 %a5Y .28 9901 NN
NIASNNN PYNY TTRNN MR TY PYHNY 195NN PIAYNN POND THPND DXDIDA 6282 TN YOPN NYaP
-y Scal ,Sacl :n92nn » X Ny oy ZYMV-HCA9aaELSC 1nu59n0 9100y mysnna nwyy NIb

Sacl nvaxnn o N oy Y9 IWN sub clone THRDY HN ATNIN IR YOPN WD NN AN Kpnl
LDONNNN MND NIONND

:N9Y 199 MYENINA ZY MV n9ayny 9209 010NN 99510 YW 1119 nyna .3.4.5

ZYMYV S5v o0 niaynd y»ob (ELSC vyvmmy KLSC ypn) 019500 v onoD> mna)

LDDONIND YW 1372010 Y7y NN INKD M. persicae nbyn nn%o mysnNa
DXDYPPVIAY MWD MIRHN DY TAXR MNP MY (8 'ON NIV NNI) NIAN D) NMINNIN

00YPPYIvN 2172 KITC 7nwn 9nNa 1°00ID) /N2 PO IRNHRD /N NAONN ¥ NN DN OINK
DIAMN PSVIND .NPMON DY 19N 29) N WP NY 195NN N2 nyno (ZYMV -2 KLSC )
99571 N9 Yo 12 (PVC owa nnonn) PVY 5w vyt 9IX) 920 19 T2 9UND IIVNID
PNy 712 ,PVC -5 nmy1a (Thornbury et al., 1990) N5y 3 vy 031 NYAYNY Y»OO

AGrumet et al., 1992) (Ct owa n»onn) ZYMV Sv 12y
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: ZYMYV 5w nHayn »Myv .8 9991 nNYav

N92yN NV
(PN ML +)NHAYNN HNN - DXNNX /DN / DY DNNY'OD[ - MIINNON | 1957 NN
DPT
84.8(%£3.23) 43/51 4 ZY-H-KLSC
0 0/48 4 ZY-H-ELS(

N ELSC 1950 n9r91n0 029889 YW M3712nn vy nnwyy Myzus persicae nby nind Sv nwdyon 1t
DY ZYMV -2 0oy Xwp snnsn Ni-NTA HX ny»an b nd9mvmio mysnra pomn KLSC
ZYMV 5w opn

YY 0”IPI0IPN 0NATND MW IN ,0IVIMY DIYD 99YN DY NP INNYN .3.4.6

:Myzus persicae %91

DYPNN 1951 MASN DY NNNIWIN M. persicae noyn N1N»oM P7NN NN HX 195NN DY NN

:29on MmN ZY-H-ELSC vyomn yun 991 ZY-H-KLSC ynn y1 ppn 2950 Hv

DYAPNN PUNN ON PPN YN 1D 99NN DY 7PN NANN NMINID 1N’ 2 - 1 /0N MHAnNna

(T3 NNNNN DY HIONNDYN DTN DINON NY IR N1 7Y
YMN YN ZY-H-KLSC 01710 y1)2 0y XIp dnns HY mon N¥dna Npdin 1N ,qona
Y NPT HY DPAPN NANN DN IND O (4 -) 301 7N 29 'on "nn) ZY-H-ELSC

3 -1 1 MN201N2 OMIRNNN DXDIN DX DINMDNN DINN NV NIXI) PPNN DI DOV DINNNN

-2 PATIN NPRY RIWP NNYN NXND WIDOIYW YUY TURD NANN DI NNAXI KD .29 'ON NNNNA
. 29701 NN 5’01 MH2IN (N2) ZYMV
TN YTHIND MYNNNI NIYIRNT OMINPIVIP DMNIAOND N11DON NN DMNIAONN DY OMM

29 'on Mmna 6 'on Nann) MpCP2 pran
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kba) My 1 2 3 4 5 6 M 1 2 3 4 5

175-
83-
62-

47.5-

32.5-

25-

16.5-

A B

Myzus nbyn H12%391) NN BTN YN 995110 SY NPITN NPIINID NN .29 9901 NN
.persicae

5w Y1 o M, 1-6 Doy M. persicae nnonn 8M Urea DY D9 0P DN HY M0
L(A) M2 90XV DY M1NN N 1N 90 .12% SDS-PAGE -1 17990 mNnnTn 0290
N2MVL N NNNX 92 MNNIY 1ONNI (A) MINNN MINHNI DMNIAYND Y W Ponceau -1 Ny*as NyNN
NP ZY-H-ELSC 1950 150 pg .2 ;Ni-NTA -2 npnn ZY-H-KLSC 9950 150 ug .1 :(B) 79912
ZY-H- -2 ym Nwop nns Sw nm 4 ; ZY-H-KLSC -2 ym 2wp nns Yw nn 3 ;Ni-NTA -2
910 NOD) NP2 .6 (N2 ZYMV -2 vy Ry X nns dw nen L5 ELSC

M9 NPOIN NPT .OMINPIOIPN DMNAONN IN ZYMV 5w 195n0n v nipdn nyodsav ,(B) pom
99510 S¥ N -1 N8P DXPTPVLDINN NI TN PVIY-TN YT MYNHNA DWW, 1-5 'ON NYIANNN

no91 prnn Yw Ny Far-western blot bv noiNa (1:4,000) bw 5)vdna (His- tagged Helper)

.(1:1500) Y 5171H2 >2>070yT MpCP2 97Nt T30 YTH1) MIYNNNI NWY) ,6 /01 MIN20N01N

108



OPINN O1INPIVIP OINAN MY HN ZYMV Hw 9957 v Apotn nyna L3.4.7

ZYMYV HY M09 03RY

SY NNV NIV NDY NIDNIDY NPNAD NI PN 19D10N PNAYN DY NPdN ON PNIAD NN DY

MOWNA ZYMV Oy D 70PN IORY 1YY MNNO1 ONMPNRY PN 99900 Nadn DY NN
MMOPN PRY DOPIN NWUNI (¥ NOVPN) M. persicae NoYN NI ININY PN WY NPTN
9apnn ,wyn nd) Bemisia tabaci pavn wy nn»oy B. brassicae noyn nnvo ,ZYMV-5
{DNPVIN NN TN
7290 Nnw >0 M. persicae -1 B. tabaci ,B. brassicae : mn»on nvibw v 0onaonn 919119
30 9901 NNHNNL A 1Y) NNYT MYV OIXIWN NWIDY 552 N8 45kDa Hv aywn 571132 pavn
oYM NDPION NN DMNATNN NP2 DX DT PN TN YTHNN Mexd .Mp -1 Bt ,Bb : ooy
yopn Ny M. persicae Sv prnn ™ YN .(B) namnnn 1993 Mp-n nyixa) M. persicae
nmyY .B. brassicae nbyn nn»on 02NN N1 45kDa Y awwn STia Mpdy TN NN
Bt x»y) B. tabaci wyn nm»on 012500 MN¥00na PR YW N AWOR KD 970 YTHNN NNy
(B mmnn om
Yy 957N Pavnb APt NN M. persicae n1m%53 0PNRY PN ,ONPN §P¥0 NNINY 95
NN C NManna Mp-n NN NISNN Y09 HN DINN DYDY DNINON DN IR ZYMV
B. brassicae nNDynN N13251n AN MNNN DX I9DNN DY NNIT NANN NNAXI XD [, TPNN (30 'ONn
INY 19970 N29N Dy HINY M. persicae nvyn Nnon PN Yos Nubw .B. tabaci wyn nn»o

n7vna 21 kDa -y 27 kDa ,31 kDa 5w 99vwn 57102 80 (30 'on nnnna C mnann

;227 5VIP DMPY 172NN NN NTIN DTIMND TNY ¥ 577N DIMINIAZNNN NI PYT AN MWD
NOND WY L300, TTHN-TN NTINA 0MAON NIYN TINN T2 PN1AON DY NPavN NTI9N HaPd

STTI2 PAON NOAP MIVANRNY NTIN MOVIWIA WHNWUND
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<

kDa
175-
83-
62-

MpBb Bt M Mp Bb Bt M MpBb Bt

¥

47.5-

tt

.?

A B C

Myzus n123901 829997017 ©99a9N N ZYMYV HY 9951 1pavn bw nprn Nona .30 9901 Nnnn
.Bemisia tabaci wyn 139 Brevicoryne brassicae 21150 nby mm%5 ,persicae

nyas (A) Snnwn .12% SDS-PAGE -1 790 8M Urea myNnxa NMY MINION PI/NN NN

(B, C) noo¥1nv2 Y mmann OX 1ann 90 .omaonn bv (Coomassie) YONMP

S5 NPOINA (1: 1500) 9¥3vna MpCP2 P70 13 Y1 mysnna nvyd ,(B) o9 9pymipn 0aonn »inct
vy (Ni-NTA -2 0 99570 11290 300 g -1 windw nwy)) 19500 S N>t Mindt .western blot
(1:4000) 9302 His-tag ™5 >0aw 7n 370 mysnxa nwy) ,(C) pnn Y8 ZY-H-KLSC oy »mn
PR = Mp ; 0M25N5 570 NPo=M  : MNINTH YW Mmyvnn 170 .Far-western blot Y NoINa
nON prnsn = Bt B. brassicae ndyn nmon prnonsmn = Bb ;M. persicae nbyn nn»on

.B. tabaci wyn

029997°01PN ©INAYNN NN HIN ZYMYV Sv navynn pasn SY nponn n»na .3.4.8
:Myzus persicae nbyn nnns Hv

DPNN YV NPIRHINM NTIN 0171 (1995) Mmwa Salomon & Bernardi Yw onTiay mxsInn

NIYN HY P NP DOPNNY 1IN YD MIWIND N2y (MDMV) Maize Dwarf Mosaic Virus

ND DYDYPPVIAN NXIAPN DINK DX0I1) DY TYNHNL WY MTAY .NNNON PTN IR NOVYNN

NAVYNN NIADN DY PY> NP DMPNNI 1O’ 7D NI20N NX TYUND) DIPNINNIN DY NIND INOONN
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95 NAVYNN NAYN YV P NP (Wang et al.,1998; Blanc et al., 1997) nn»on pn ON
YWINPPVIdN NALYNN PNADN P2 NPT 2PNN NNON PTN YN Salomon & Bernardi 7y ynw
PPN NN HN ZYMV S navynn 125N SY Nipdn N1 MiN2) 12D .0»INP0IpNn ©MNaoND

.31 701 Mmn NXY M. persicae noyn nn»o Hv
DN DIV IN NAVYNN MNADN DY NPY> NPT NNMPNN XD ,31 /0N NNHNNA MINID NIV 29D
ORI (NNHNNA 1701 1Y) NP2 DYPO NNMP*an .M. persicae ndyn nmdIon MN¥Ma 0MNAONN
DTN DMNAYNN P09 MY DY DN NN NIVINY - OININN DX 9991 20N DY N0 INND

.(31 "ON NHNNA DMNIAONN YDA HN OINONN DIN NYW NN 27 kDa-131 kDa 5w awiwn

kba)yy 1 2 3 M 1 2 3

175- ; |
83- ] ‘
62- \

47.5-

32.5-

v
v

25-

16.5-

A B

.Myzus persicae n9¥n H1991 N¥INA DINATN YN NALYNN PAYN YW NPNN NN .31 9991 NNNN

Sv 91 o M, 1-3 oy M. persicae nmaonn 8M Urea Dy DOINPY0p 039N YW "3
J(A) M0N0 . 1INYNIVY YW MNaNN SN AN YN .12% SDS-PAGE -1 y199y0 miNonTn .0Mavn
1990 1717 NNX Y91 MY 1NN (A) NI120HN %N 0M2AONN Y95 YW Ponceau -1 ny»as nysn
195N .2 ;0P ZYMV Hv o) ON 9010 Ni-NTA -2 npun ZY-H-KLSC 1950 .1 :(B) 72
DOPM ZYMV 5w 03 .3 ;Ni-NTA -2 npwn ZY-H-KLSC

oY N2 ZYMV 7115 502v-29 110 MYNNNA vy, 1-3 7on mnannn moraa npdn it (B) yoomn

.western blot bw nvYINa (1:3,000)
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Myzus Abyn 512519 OM”IMPIVIP DOINASN NN DY MMIN-1T NT1I9N .3.4.9

spersicae

"oR NN M M. persicae noyn NmIon Prn W DX119) DMINON NYW SW TPTHN 1T 1T
YT TN DIDT PN DN MW DMINIAYNN NV .32

198) pH 9.0 -5 pH 4.0 2w nMva ny) P00 1290 S MIVPONIVND NTIPIN D MMY 1)
pH 6.0- pH 9.0 ©»902) pH 4.0 — pH 6.0 082N 9N YW NPy MHap ny

MY DRIM P7NN DY DMWY DTN NN INMND NITHN-YTN NTINA PNN DY DO THN NNV

NNV DINBN RPNTA P7NN NN ¥ MM I, NINT OY TN .1PTHN ThN NTI9N2 DApnnv
ToNY MM WY ,32-A DN 1NN NN NURIN NN .62kDa -5 6kDa pav 0o

LSTYVNNA DYOMNN DIRIN DN

kDa M 3 < IEF 10 M 3 < IEF 10

y i | ™ 5

7101 1 17990 ANRY Myzus persicae nvuyn 51391 0999P309P0 0INAYNN D197 .32 9901 NINN
:8M Urea myxnna M. persicae ndyn nnion prn Yw 0»¥0 %Iv 1NN

NTIPIN 29Y ,ANYNI NTI9N :(2D) Mapy M0 *nwa TN MNoNTD .(B) ;2 nm (A),1 n¥on
12% -2 paxd5pomn Spwnn »ab v nTan ; IPG strips (pH 3-10) 799007 -2 nvpsIvRD

.(Colloidal Coomassie blue) »o1x9p »oxmp Nyasa wasy 0onn .SDS-PAGE
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=37 ¥19990w Myzus persicae nbyn nna YU 01”ANMPIvIpH BINavNN M1t .3.4.10

$999975099 PATN 133 Y1 MYSNNI NN
P/NN TN PINY JTHIND MYNNINRI DYUYI TDTIN-ITD DTIONN INND AN DY DN NN
MMM N 337010 NNNNA XN DITHINN DY NIANNN DIVT .26 /DN NNNNIA 2¥Y N MpCP2
o7 MV pH 4.0 — pH 7.0 pay nNL2a 0MPINN NINTL P7NN NN OY 20N DY )TN D

.DOTHN NNV D2 (DDV DIIIN PN) PN DY AN NNV MY OITHNN .8kDa- 150kDa

kDa M 3 < IEF 10

175-

83- ;
62-

47.5-

32.5-

25-

16.5-

=97 N7990 NN Myzus persicae nhyn nnon NYINI BMINPIVIP OINAYN NN .33 190N NNNN

J5Y MM HY 29992017 AN 1235 BIT MYNNNA M1
N790 :(2D) Mmapy MT90 »nwa 71990 8M Urea miysnNa M. persicae noyn nn»on prn Yv »sdn
opwnn a9y Y NN PG strips (pH 3-10) 79007 -2 mIVPINIDND NTIPIN 290 ,NNVYRA
-219 ONITHN OY NAND IWNR NNV DY MINN ON AN 90 .12% SDS-PAGE -1 » N5 phmnn

.western blot v NN (1:1500 5v 5)1112) 22007037 MpCP2 )5 D»VvaY
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9PV AN NN HN ZYMYV Hv 9950 padn v Apnn nna L3.4.11

1111 -97 N80 ANRY Myzus persicae nbyn nman

27 kDa , 21 kDa 5S¢ 9ywn 51ma pn nwow (3.4.7 - 3.4.6,3.4.3 : DXDYD) D00 ININY 29D

AN N2 NTION YAPY 7PN N, TOTHN IT NTIOND RN .I990N DX Ny NN 31 kDa -y

,OY9NYW NON 7NN DN 99510 DY NP3 NYNAY MNDNN DY NTND PO DY) 005NN DY

TN YT ITIONY DMADN N2Y NPPTH NN

M. n5yn NN MN¥NI DMNIAON DY DN 15 -50 Ny IR L,ZYMV Sv 7957n paon
ON NP APIND NANNN NN IRIN IR DN1OND N (B -1 A 234 yon nnn) persicae
TTIADY INNRD M NIV N7y L(34-B mmn X)) (1 —9) 137120mn a7y 11901 D 950N
.(34-A Mnn NND) SONMIPA YA DYAPN TIMN TUN G0N DN DMN

OMADN2 WNND N 48T NYIAPY INDYN DHNN IXIN 1DNN) Pr/NN DY OMINON Nywn Yo
NI NI HY MIVPINIVNRD NTIPIN MIRNIPIINN Spwnn 21w n .LC-MS/MS 5w np»ova
.9/01 NY2VA BONM) N THN-ITN NTINNN INNKD OINIATNN D)2 DNMIPIID DRNNA NYYI PNAONN
0N NY2VA N OMNMN D10 LC-MS/MS nvrwa nyap) 0MInon y3 pono Drmdussn mm

01250 N0 NYIYY D¥NI DIMIDN IPHNN N 987 NPT WIWY DIDNON NYWN 7150 .9

YD MAVPNN NANNN THO DY P7ND DIPTHND JAN 90NN PNAYND NPT ININ IUR D290

.9'01 NY2VAYYIY XD 97N NN MIND NWLY .MpCP2 PN T2 1970V (33 /01 NNNN)
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IEF IEF
3« 10

A B
NN D191 BMINPIVIP DINAYN NWNA oINaYIN YN ZYMYV Hv 9990 bYW it .34 9901n Nann
191 17 11990 INNY Myzus persicae
:TPTHN-YT NTI9N2 7990 8M Urea mysnna M. persicae noyn nmnion prn by nsm
Spwnn Y v nTI9M IPG strips (pH 3-10) 7970077-2 mAVPONIVND NTIPIN 299 ,NNYRI NTI9N
.12% SDS-PAGE on2a5n 951 pargpomn
910 9w (Colloidal Coomassie blue) »o7n0p >oNmIp N1y ,(A) HNpwN
TPYN,MDIONIIV DY MIN2NN DN 2NN 9N .N9YN NN PrNN NN YR 997N v it (B) proomn
%9 72 (1:4000) 5¥ 51791H2 >02W-TN )TN MYNNINA WY NYPN 195N MY .ZYMV 5w 1350 qoin

.Far-western blot bv N2 195710 SW N -n N8P DO TPVONN
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:ZYMYV 5% 99501 YN N5t DINIAN D9129NH 303 91158 .9 9901 NYav

Protein Identification® MW (KDa)** pls
Spot Protein NCBI No. of | Coverage | Observed | Predicted | Observed | Predicted
No. identity Accession | peptides %
No.
2 GroEL Buchnera | AAR21862 1 4.7 24.2 55.4 4.56 5.17
aphidicola
3 Cuticle protein | AA063549 4 30.7 30 23.02 5.37 6.08
Aphis gossypii
4 Cuticular protein | AAL29466 4 37.1 22.2 23.4 5.75 6.07
Myzus persicae
5 Cuticle protein | AAZ20451 5 47 223 26.5 5.88 6.587
Myzus persicae
7 Hypothetical XP 397538 1 14.3 31 17.8 7.6 9.28
protein Apis
mellifera
9 Cuticle protein | AAZ20447 8 52 28.5 243 8.12 6.58
Myzus persicae

.34-B '0n NN 1712000 2y 1IN0 DRNNA DIN 1YV DXWINHNN PNADNN 2HND DY MITON 19000

MYSNNI YY) DXPTN DNANNND DIV SW NN 'N 987 Nyap Protein Identification *

. Liquid Chromatography-Mass Spectrometry/Mass Spectrometry (LC-MS/MS)
DINNPYIN Hpwn = Molecular Weight = MW**

TI0PYNIVN NTIP) = Isoelectric point = pI ***

NASNN NX DMIMIRNN VN Observed >T0N-1TN 5732 NTI9NN INKRD WIAPNNY pI -y MW »day nknvn

.(LC-MS/MS) my¥nna Predicted »inn

.Coverage -n 7710 DX ANNN NN PNASNN DR OND NN IDAPNNY DXTVIAN 190N
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NN N Q¥ NYAP MYNNNIINMT OPON NN DN NYVYNN KD DY DMWYN DIINN DIDO

.10 /01 192V VNN MpCP2 PAN THD YTHINN MYXNNRIINT DIINN)

AP 0INIIN Myzus persicae 712911 ©NAYNN NN NYUN 2MANN D120 .10 1901 NYav

ZYMYV Yv 4990 5N

Pasnn ona ‘on

?n -5 LC-MS/MS -2 hnn

T222 YT MYSNNA AN
MpCP2

NN NO*

[P R AR RS S

\/

\/

\/

Y NO*

2] 21 21 <2

| R Q| | Al W N -

\/

.LC-MS/MS Y¥ NN 0> 1uas by Nt Hapnin 8O *

2I9PY0IP PIAYN NIRY NN 11 LC-MS/MS -2 192pnnv DYoo **
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19991 01990.3.4.12

NPT INT NYY NN INNY DMINPIVIP DTN PN MIYNID NPOY T 1PNON DAY

NMYNRI MTY NPNN ,NTIAYN DY NIMON N1 Hemiptera -n n77010 0PN PN 9Y NURIN
1Mo .M. persicae noyn NN PN PIAY YIRPPVION 199NN P IN-VItro Npdt Yv nnyp by
.M. persicae noyn N1 MDA PN NN DY NPT DIVORNDN PN THID DITH NNVYRID
PN SV MNP DMIPYY PIAYN YD WYY X IN-Vitro NP RN ZYMV Sw 190 e
.M. persicae noyn nn*»on
N90N PN NN OX NP23n N2 ELSC vyvmn 19505 KLSC ypn 2950 ypa nxnvn e
21302 DINAONN YN NPT NN PPN 19900 P10, NN M. persicae noyn
SNOPN INNNN NNINON PHRY P NNOPNN IAONN DX PUNN DY NPRNY NN @
NN PUAN NN DY INY NPT NV DTIN NIVIR L(2D) nr1on-yTn nTIenn e
.M. persicae nbyn
M. n5¥N 1192510 MNNNI DMNIAON NIV NMPNN ZYMV S 195100 Y Nipnny X)) e
-¥197) NN MW AINRD .31 kDa -y 27 kDa , 21 kDa 5w awn 5111 persicae

P7NN MN¥N2 PNASN MIND 15 -3 HN (MY NNXII) NP ZYMV S 99500 ARIN L0100

JOTHN-YTN NTINNN INND
INNDI (9515 ,4,3) DTN NN /N 87 YAPI DNIYY NIADN NN NYYN TINN NYAIN @
DX Q0NN (5 -1 4) DOINN DMV .OMY DOPINA PN DN DINNY DN DINN

MpCP2 p7nn 105 yTann »y
P00 T YN 7y ymy LC-MS/MS -2 01 XOw (8 -1 7) DD DMNIAON HND NY e

.MpCP2
NOYN MM DMINPIVIP DMNAON I : KXINN NIYYN DX NN N2 IAPNNY MRIIND 59N

DONPPVIdN T9HNN NIAYN OX N VIEro NP2 ©2ANYN
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17 .4

LNDYN NHD) MNOPN YD NIAYN TONN ,DNNY DOYNNN D29 DYDY MPAYN ,NDY MINND
0205 DM P2 N2 DHIRND NOMPND ,OITNRNN DO .(NNY) RPN (D) NN

NYYN NN DY NN MDY NHNIDINNA INMTIY PYND DN DY INDND NN NIVINDD
oV N (NNNON qNA propagation  DMIAINN NN D) DIINDN DXDIII) TYINN T P

5¥ DMV DNIAINT DYPIN ONIATN P FRRND NDNN ,7DIDN SV OYNRN NNST TIT 0INY DIIN

NI2YN OMIVINNDN ,NPY NN DY DN I9DN JOP NI YITH NIADN RN NNHRNN .NOYN NPNO
DY YY Mayn NNy NNy (Pirone & Blanc 1996; Gray, 1996) o>1nnn ooy Hv

PN NP HONA OMND  DNPINN ,NN2YNN 2DVA .TPNNN NN NDY NN MYNNNI DY9DIN
D27YNN NDYN NN DY NN 29)2 DXRINN DY YN 53 DOP 1PN KD 1D TY .NNION PTNIY

DY DYT) NI D5IN DXOI DY NIAYN DIVARNDN ,NDY NN DY DPNN 19010 .TONNA
11172V MNINN NV PN 09N DM .(Ng & Perry, 2004) o> 1nnn 0¥011 >0 1N
DYOY 9910 DY NIV I9IN .NDYN NIDID MY DIPNN DNV DY NIAYN NIVONDN ,NYNIA
NIAONY NN NNINN cucumoviruses - alfamoviruses ,carlaviruses -nN N¥I1PY 0INYNN
DYON DXPNA DIV IV .NNIMON DY N9 19) DN NP MY ANYN SONIIN NIVYNIN

(Helper 901 »ON9 NIAYN miNo1Na NYro7 owN DN 19 DX NINX N9Y NN M7y DM
2991 1Y PIATNY NN NNIND IORIMN PPP2Nnn PoN NYRY (dependent vector transmission
-y potyviruses -N N¥IAPA DO DD DY NIAN JPIN .NDNON DY 19N 1) OX NPl

» Nyv (1996) mwa Pirone & Blanc .y»on pasn mamyn nnon ona caulimoviruses

NIAYN DY TN NP IMND DNNINN DMV DIOIA ,I997 - 7Y)DN” )1ADN DY MIVIVORN

NY NOLPNN DX DNNRNNA RIN OXNNY D01 DY NI2YN 7PIIPan INNSY =) NP NOVYNIN

- RNA  nyORIN MTInIDon . NOPNN YN DNPXNNA DNHNND NN DY 0XOY D NI
SV NYPYav NYPSVIN NOOIND (Chao, 1990) X5XIIN DN SV MEPITI MINIY MNP DNA

,DV DIRI DOVIN 03N (Domingo et al., 1985; Rao & Hall, 1993)70n 8 navn

DNINNN IYIND SONRIN PPPONNN PION NIRY YON NIAON MNDN DYDY PNIN Dy DpdN
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DORIIN POPONN M)292 NYNA 93 ROY MOPNN IX ¥»onn aonn v (adaptability) 90y N2

IR NNXI OMNNN OIN DY DY DOVIN NIWND Y»DI D1 Y»ONN PNIASNN LD M
SN M MOPNN YN N NP2 NILN NNINNNN PDY 95NN DY TN DI DXVININNY ONTND
JIYP0R7 NIASN DY ININOND GO PNIN .OIRPTNNN DIXNNXD DMAWINN WX DN DYIN PPN
DN DYMN PPPYN DY 922APN2 195NN NIAVN DY NITNN D, X¥N) DIDIPPVIAN NXIAPN DD

YNNI DN OPPON DY 72Y0N MOODIANNN NDID NN NIXTHINY NYI0N INPTINON NNNN DY NN
Sy DLANN 70-N NNV 99NN NYMN N oy .(Cronin et al., 1995) >NpTnon nnsn
NN DWA NNONN NIYYNN NNYIN ,DNVUN DXDIPPVIAN DY NIV MDNI OPNINYIN

mIvarN X NNYyn v NN .(Govier & Kassanis, 1974b) "The Bridge hypothesis” 7win

mnay .(Govier & Kassanis, 1971b) 115°5m 1PN a 7wy -5 wpwn 99500 NN o
VPN N NIN I9DNN PNIAON 2D ININY TI2,IWON NIWYN DX MUVIND ,DNINKD NWYD WY
D»PNN WD NIywm Nna . (Wang et al.,1998; Blanc et al., 1998) 193110 X5 nnon Y

ON INNRNN NDIDN 90NN DY IMIANMYN DY TR0 MIYY NN D01 DMPDY) DINNNNI

.172YN PONNA DXAMNYNN DNV ONIAONN
SV DMV DN MYSNNI DIDIPPVIdN NXIAPN DINN DD DY NI1AYNA NPOY 1T DAY
DX27YNN DMV DMNIAONN KN MNNNNN NYAPA 199NN PNIAZN DY IMINYN 1IN .NDY MNAND

29N MM 7Y DYDYV DY NN TONN2

:NOVYNN PAYNY 99501 115N 122 HINNNN MYNYN

99511 NIAYN XD 972NN DMNY DXOIPPVID MY DY NI2YNN DY TIiNdD DN YY) DN OMDNIA

99511 PIAYN P2 NHRNN OVYP DY NDYNN DT, TuMV 5w 00919 n7ayn awar ZYMV Hv
N72YNY Yo KXo TuMV 5w 2950n Nadn Ny N> . TuMV Sv navynn Naon> ZYMV Sv
A. gossypii -y M. persicae :n100 PN NY WY 0O ZYMV S o)y
P2 IRND ATYN DY DDYH N RN (TuMV -y ZYMV) 00710 %Y 172yna 0»0snn

S19N0 RO TN ZYMV 5w ndvynin 1navn> TuMV 5w 9951 y1adn
T2 : DN DXOYPPVIY DY NONDIVNN NIAVNN NIND) JNAY DIRNNND MNNIN WX NINNN

-y TuMV 5w 099 S m1ayna y»o TuMV  Sw 7950 y1adnw Wang et al., (1998) wan
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0 Mo (Sako & Ogata, 1981) WMV2 -y PVY 5w o) Yw n1ayny y»o 8o I8 TEV
ZYMYV -y PRSV Sv oy 8 ,WMV2 5Sv 0%y nvaynd y»o WMV2 5w 995N nadvn

09723 HNY BB 995NN NN 1D NN YN OIXRNIN Mynwn .(Lecoq & Pitrat, 1985)
SY D9 N9AYNY YIDY NDY NNN DIDIPPYLID NP HY 0999 NIHaYNa ¥I0Y oNI*a
IN,DMY DXOY) DX NNV NPT 190NN MNAVND 1D YYD 1N ,INY ANT VNI LHINK NP

DMV I951 MNIAOND NNV NPAT DY DXOIPPVID DY D12 NAVYN MNIAVND ,TOOND

NAYNN DY NVWN 2 DX DN INNNDY (PPNINRM 9°0129PN) NOVYNN NIADN DY MNNPN NY
VIYY HY NNV 987 5915 001 1PLIdN NI PSRN YW N -0 N8pn .(Shukla et al., 1988)
'na (D) movrvorn 'nin Y navnn (DAG) (G) P90 (A) PION (D) MOION N IPHINRN N
oW NAvNNY NxY 1D D (Atreya et al., 1990) ay 855 TVMV nx no9n  (E) monvivn
DMPIIN DY NHAYNN N9 JTANRD NN ZYMV-CP 5w DAG “nxa (T) panoana (A) poN
-y ZYMV 5S¢ noavynn »1aon ,ndyn NN %95 .(Gal-On et al., 1992) nby mim»d nysnNa
,IINT) IND TN NTIAYA .NH2YN TPONND DNV 1991 MNIADNA Y»ONONY DN YT TuMV
-y ZYMV Sv (CP) novynn 1a5n Yv N-n nxpa wnrn /N 937 (Dombrovsky et al., 2005
oYP MO .DAG 901 XM MNIYN G810 N¥N L (OINN 029 DXOYPYP,IAY NMTa) TuMV
ZYMV-nv 1ya) ZYMV 5 99500 'y 22y wRY 792 ZYMV-p TuMV-n 5723 0Nt 989

NoVYNN NAONA DAG »NINRN N QW MINY »d 0N 1100 1o (TuMV Sw 195nn oy 12y

ON NP NHIRNNN NP 23NIYHN OTYOIN DIMNN NN NI 1PN 79970 HN NP 27N
.0V DYOYPPVIA HY 1951 15N

0% NN ,0NPN 995NN INAYN 7Y BI9AWN DITIPPVIDN NIYUN N7D DY DININY INNND
AN 0199 HY 99515 Nprta maNyn N-n N¥pa DAG-H 9899 MU 19NN MYMNY NNAY

IMYNY NY IN
AN (ZY-TuNT) TuMV 5v na CP 5w N -0 nspa yop 99Mn 1 ZYMV 5w »im:35n 000
NOLYNN NIAON DY N 27V WX N-N N8P QON 987 DOPY MXINDY NNINN NN PNIAD

INOMMIN XY 95N NAON oD
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Blanc et al., 0Ny 0pIn Y ondvmxsInm (Dombrovsky et al., 2005) nono1n Ny
N1oN S N-n N8pn P2 Npotn Yv mvnwnin N1 (Flasinski & Cassidy, 1998 ; 1998)
129 DD NTIAY DYNT ,NNT DY .NDY NI 7Y N72YNN TONNA 195NN PNAONS NdVYHIN
9957 N25N YN NPP1a MaYHNN CP 5w N - N8PN 9892 NPHXI0N INRD /N NIMND NOON

SNKX 991 PNAYND RY TN TN

:NTY 12392 NN 29) 1°2Y YINIIVINN 999NN PaATN 12 TWPN

DINY DX MY OINININDT IOINA 0N ZYMV -y TUMV % XN, 3.1 9yo MXHIND P93
A. -y M. persicae ) (M19°919) NPRPTNIS-17 NN DY DNV 1aN0N .NYY MDD Hv
B. brassicae) (naoin) 0y1H81 M9 Tynn N Tyl DID1IN MW NN MIIAYN (goSsypii

ZYMV X5 I8 TuMV mowa myayn (L. erysimi -

7¥0 AR N12%35 110 DY NON 29X D399 NPT NYIN 999NN PAYNY MIWANN NINAY )aY
SNN 13535 1902 1139393 0295910 DMNY NP

S5Y 1292010 XY DOWIINN 9D 129N DTN HY NIYN WO NDY NIDND DY NHAYN MDNA

1 TuMV mayn A, gossypii -y M. persicae 1?50 : NINAN MINSIND 19IPNN 09K
B. :myon grNn L ZYMV Svw 995nn oy Y (TuMV-n) »»5minn 9950n mysnna
7950 DY NIYNI DOWNIN BN IWNI P TuMV  Sw o2y mvayn L. erysimi -y brassicae
mayn W L. erysimi -y B. brassicae .ZYMYV 5w 1350 oy 0ownn on Iwrd T TuMV Yy
PN NVYY NP2 YNNWN TON INIMIND 199NN DY ¥ XN IWRD D) ZYMV  Hv o0y

ZYMV 5w 995010 125N IR 7M1’ 1N DN NINND

SV PP NN ,NINID MY DN NIIYNA 9NN DY IMIANYNI 220 NIMVNNN NNNNN ,01°D2
YN DIIN DY NALYNN NAON DINVY 9YNN PN1ADN P2 NNRD NN SNDI MNRNN NV

NYNINY TWIN NMIN NN DINHNIN 1IN DINSNN .112YNY WHwn NDYN Nmd PR 995nn Navn pa

INNINY DMINDNN DMON DT PN DIV MV 30-Y Yy »NaY Govier & Kassanis 7y
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9951 129N DNYY DYDY INNANT MININAND TONN2 D MIVIRN NX NY¥N Goldbach (1986)

M ond mpn N RN (Goldbach, 1986) onby MupHN NX NP O MPONYY

MY NN OIRNNIN INPTNN DX DIPIN NN NPIVNN NNLINY TI2 PN TIVIN

DINMDN DIXOPPVIA HY NIIYNN NP1 Y9 7aN ¥ onPpoa WY (Pirone & Blanc, 1996)

: Y997 99092 012019 NPNY DD ,NDY MO DY DINY YN 1Y

DIVANNDT NPY MDD DMV DPN DY NN 59X DMMNNN DXDINN DOYINN OYTIN .1
9951 125N DY 7NNON ORY IN NN

D12 NNANND MNWY  DIYNNIY NNMON PTN DY NINN PN HON2 DOWNINND DN .2
AMNYNN DN PN Y AP IRY) IV =D NIMIVIN DI DY 950N NIAON DV OONININT
.D22O81DN NN PN NY Y ZYMV -n 172y X DY OV NIPNI IND

DYMN PXPON AR 7IINYIY NN 10N DY DIDIDN DI MPIVND JIRY NN »N .3
PTN2 P3N NN HHND NP

NYY) VIV N FTHIRDY INYRIN DY 1OV NTIAYN NNIN NDDIANND 07N NIWIND VDY Pan

D125N1N 259N2 DYDY DMV NN PN T NTIAY NNIN 97Y .MINKD I INY NN MIP2D

73292 IN 25972 007N PV NN DY NPIVIPN NMNN NN VYO PTNN NN DMNAN

795NN "MNAYN YW (recognition) #NINNY DTN DY WY NNION PTN NN 02293970 OMN1AONN

.192yN2 DX27YNN

199517 PaAvN HN NP YHYA ,PINN 239999 DN NONWN NONWI ,NNDI N NTIAY NN NN

PTN2 PN NPY NN DX TAND TN ,I9510N NIAYN DY NPYP 2NN NN DY MY TONN

AP0 NMYP INRD VTN UKD 190N

TN DY NN HHNN DY NOVIW 199NN PIATNY D0¥2 NN L, NPHPDIPN MYV MIND

oY MO INPHY INK X INIAON 207 ,ND Ty NN XY (Ammar et al., 1994) ynnon

.9957N NAYNY NPT NI

99507 =N Padn Pa NP NNOP ONN NIYYNN NN ANMN NNAYN HY NN NNILVN

VPN NINY DIV NNIYTN KON 1T AW .NYYN D191 BI9IPIVIP B939NY YONIIVION

L0NNY YY 092919 YW 1nwYs
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$NYY MO HY B19PPVIP DINADN 1IN

20N DY NOPIVIPN NN DN DIVP) DXDIPPVIN D DIYYN ,MI0N NPPOI ININY 29D
N2A5MN OPINA NNPPVIPN .(Ammar et al., 1994; Wang et al., 1996) N1>10N PTNI PNINN NN
INND (NNYY D DXIDN OXTANR DXININ NIDINT) PN IWPYIN DN PV YON 1Pyl
NPIN TN ,DIPIND YTIND 1PN DINNXY DIPTHIN DY NINND TWUN FVIPN 2397910 NN PV
oY DMV DN DND PA OYTIAN GPYNN NNPIVIPA YTINMN OIIN 0N PrANY TIYND
OMOTIN PN DY) 1KY VID INMNI IR PYNN 2DINA NMY DY NPITY ¥ MIID .O¥PIN
N7701n ©>p N2 .(Chihara et al., 1982; Dotson et al., 1998) ©pIN S¥ NNV MNNANN NNITY
NIY PN DI PN DY DTIP YN DD O»P N NRD L0191 MDY NINODIY D55 Hemiptera -
DINNY YT D02 N TN 71PN 79900 PNIAON HY 1IN DXINWN PrAY MIYINRD NX PN
SV AN DOWN DMNVPNN TNND NN M. persicae NYYN N5 NIND) ,NT TN .NT wIN
NTIAYN TONN2 2PN IPTI NMIDIOYN IPNN MY XNY VI DIXDIPPIN HDD1 DXOIM
N9y MO PrAY D) TTAD N7Y NNYYI NHYRIN :N1DY NI PrN DY YN DD NPYY

NP°12 OPON NN PINIAY IWIARNY NINTY NOY MINOIDN PN MNNY N7Y NNV ,NMIVN .DIIND)
M. persicae PDIONRN NOYN NND) NOYN MM NN cDNA n»I9o mon 1950 Nadnd
TNRNDD NMNX WY (A, gossypii - DPWNIDTN NOY NN B. brassicae 210N 1YY Nndd
115 YW cDNA -0 1790 5v N> 7N 01PN cDNA »yOopn 17712 0N MIRINIID
Lynn 91910 5apnn y1nn) M. sexta v p7n 135 >0aw-17 170 mysnNa M. persicae noyn
q892 Mt NN cDNA 7yma nqwan (Washington Seattle nvroq2 w0 Riddiford M.

, 0PN 0NN PN 0NN RR-2 0N PN DY INKD /N 2989 DN OINN IPHND N
DYDY DINN OND VDY PU/NN G872 MY DN PN D) NN ,MNY MITO wHunn

.(Rebers & Riddiford, 1988; Andersen, 1998) R&R' -n 190N
(CBD) Chitin vr»d1 YN 7WPa MIYN 98I0 M2y 1NN RR-2 -y RR-1 ,00ynn o»va
Y )0 m>d (Mxnna, Togawa et al., 2004 ; Rebers & Willis, 2001) Binding Domain

N7 NN L(Andersen et al., 1995) prnnn PON2 DMININ DIVIN DINNN NN N Y9N

ATTI2 VRN DN PN ATY PrYAY DX DMINN DN M ,N9Y MDD THINIUNT NN T
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-5 »5mmin cDNA qx7 Myzus persicae Cuticle Protein 1 (MpCP1) owa n»d ywxIN
NN HY DN DN NN M. persicae Nn»on Sv RNA -1 5951 9anm 112 MpCP1
,0ywn DX L. erysimi -y R. maidis ; A.fabae ; B. brassicae ;A. gossypii; :nby

Y DY PPN N30 MYPNN PN NN XXCP1 NSyn min)o02 NURIN MINPIVIPN NIAONN D

.MPT2 DMN NIIION PN NYY DI NNITY) DMV MDD
SV ONYP DY YIANND NDID DY MDD 2 2972 NNIA) MINTD NS NND /N 89 NTVN
mMNNo2 PN DY YN VN FPNDAND TONNA 1NNV 199 ,P7N2 DMIPNN DINHNY DMINN

PO DN AWPIND (NPT XOW MINY) 7NN DY DNX NITHN MDY INND 1D IWIND Ny

(Togawa et al., 2004) ,CBD Sw mys Sya RR-2 N01n 10w 9870 YW ImMNSmON Hwa NN

N MY SV MY MmNNann M1 LeCP1 w MpCP1 p7n5 71pnn cDNA 1725 mn ynm)
PIYNN DY NI PN LI MNYN NNITA NNND DN PUAN YD DIPYN DINNHDNN MNNON

D)0 ORI ,R&R2 MnWn 9875 qona .stage specific M9I89D MNNANT NMIVTH D1NIDN
PN2 DINN DXVIND NMYTN IMNKN /N DY (repetitive motif) 1IN 220 595N NN Nadn

.(Andersen et al., 1995) o»Nx PN YW DN
ND ,NDYN MO DY NMIWN NVIAN NP0 YW NP0 M. sexta Sv prn T YN vy
.Dombrovsky et al., (2003) -2 9xnw Nt Yy 090 PNY O TTPHN cDNA Y D711 TwaN
cDNA -n n»190 H¥ NP D0 MY NWNA TNS M PN TH DXHDN DTN DY DNIDN Hwa

MDD MY IYARNN DADN DM TITA PN -D DX TTPNN 090N cDNA 7725 N1vNa nmwn
NI HY NPPIDY PrNY DX DOTN DI NNY DIAXIY DIDIRNNN DXDVNNT DIIONN DY 1))

OYPINA PrNY DM AN DY O»P Y Yy ooann oonNnN NON .PCR nrypnoia cDNA -n
NPYY O TNPN NY YNNI YTV cDNA -1 a7 nwnn .GenBank 030 )22 »1xnn 0NN
N q87 1955 (MpCP3 -y MpCP2) onn o»y :©win (putative) D¥XORDI PN NYINN
M25n .RR-1 2on wnxn 'n 9y 19595 (MpCPS -y MpCP4) onk 07w .RR-2 non mmnxn
SMNRN N DY OINN 0¥V IHIMT TR 0N R&R non 987 555 X5 (MppCP) »wdw

NN DMNIMNN PN MpCP1 -2 31070 91N 22015 29 )T osnn L AAPAY, AYSAP
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L. migratoria 5 ©INX 0PN M NN R&R - 070 prn .ommwn minnon
PPN N2 PIRWNN PN XN DY PN INvNY (Krogh et al., 1995; Kalume et al., 2003)
1772 YWNR 0w cDNA -1 99 .(Andersen, 2000) (R&R »0n) PV 9WpNn INRD TV
DY) DTN DNV PYRY DX TNPND D wnn M. persicae nn»on Y cDNA -0 ny»iaon
S NN INKY IWONNN M. persicae N1 DMINPIVIPN DN Y987 NIPX .DIDLNDVIY
N792 NNSPN NN DHNXIND DMNOD 09NN vindw) PCR nyspnoy mysnna »mn DNA
M0 DNA -1 5 192000 Y30 Q8N DTN DXNvn .0Mvn PN 0)8»90 cDNA -1 »axan

ND) /N9 DYIPHN D3N DT TN 1IWINR , M. persicae nnonn ¢cDNA -0 n1»190 »Msind
PYAY DM MNVYA DMIVIX DY DNMIRYDN NN WIAPY 1IWIR ON ,TPNRN (OPDORVID TY

PIN2 DXTTIPNN DM PI IR DNV (20 - 19 'On NN NXI) gMpCPS -y gMpCP4
272 TN PNIVIR XN gMpCP4 -1 ;0000 »va NNY 1PN DNIVIRND DY 057N .RR-1 non
(149bp -y 85bp SW H7132) MON DNVP DNIVINX NY NN gMpCPS5S P 98711 .472bp SV
PO DN YOIP WD PIVINRND TIVA PAYNND YY N -0 N8P PN IR YOIP [ PYURIN PNIVIRD

ININ 5772, 0 0°pIN2 RR-2 -y RR-1 »n0n P05 0232 NININ ,0MI01PNX NN 1002
OY2INN PYNY DN NN DN MY PIVIX D) NMT INY MPINT DXIPY TN PIVIN

,Signal Peptide (SP) - 77PN 1IN PN ¥ NN YOIP PYNIN PNIVIND 7D N¥NI OIIOVIN
R&R -n 90X 77900 MNA MIP0IPN PN 8 IR YOIPN PIVIR DY NNT XD 1D Ty
M. 1352 ,gMpCP5 -y gMpCP4 £»:p 010N DN 4892 DINIVIND DY DMIPM . NNYN
DYPIN2 1D XD : DMWY DOPIN P/NY D)2 TA0INY YD SPYN 191N DNIN XY persicae
VA STPND . IMYN R&R -0 9nXD 779010 NIND 0M93N0 IR IWYOP XD DNTOVPND DINKN

.SP -5 1PN IMKD DX YOP KXY VPN ,DNYN DPINT DINPIVIPN DN AN

N7Y MO0 190N WYN DM DXPINA DMINPIVIP D) 1IN NN PN DN MNTIP MY
PO OO MYV, NNNIN NIA0N .OMINPOIVIP DM DINIVPNRN DY DMNINN NN PIADND

VTR DN PON MSINIAND TONN ,OINTVIN NYIAIN N IVIDY D00 )INITPN MINPVIPN

(Charles et al., 1997; 1998) 030NN PN
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DY MNON DY 208NV 2970 YN P TNOD AIWAN DMINPIVIPN D DMNIVINRND NN HY

D NN LD’ DXVPIPIRK DM .DMINPIVIP DIRY OMY DXVPIPINN DM DINITVIN

(polyadenylation) 1857789190 Y pre-mRNA -n S »van N9 Sy NP 3IYN NIV
o1 .(Le Hir et al., 2003) yadnn »van mipa Sy nysvwnay mRNA -0 Yv 3 nspa
MY ,(SP -5 77100 RN Q¥ AN YOVIPN 1T APO¥2) PYRIN PNIVIRD D X¥D) , DO INPIOIP

.(Wang et al., 2002; Kolb, 2003) 710117910 M85 non-3 wx (enhancer) #7>230” 1NN v
NI2ND 7PN NN DY MDY NI PYUNRIN PNIVIND 2D 35 D) NN ,OMIDPPOIPN DM

.(Lemoine et al., 2004) mma) (transcription) PINYY M1 NYAPDI NVINIAN HY 1M

+M. persicae NY¥N 13935 HY ©MINPIVIPHN BINAYNA DINNY DIINN Y INNYN

ND2V NINT) NNOONN XYAVNM) 3.2.3) 3.2.2 DXPYDA DININNDN DMV DIAXINN GPNVNY 29

I INHNN N G872 30 R Y 0w RR-1 101 P7An %W 10 9122 mMmY 1) (7 1900

LYND NN INRD NN ,SP -1 87 51D NRIPO MNP IPHINRD N 987 PPN DT
NN .PIN2 NNT IR DIWINN DINAINN MNIVY TON NN WO (16 'ON NN INI) DN

PN S C -N NX¥PA D) N DTN DY 0987 .RR-1 91mwn 90X 190X /N 102991 Mt
NRNYN .NNNY IAINY INNHN N 32 DY a8 DN ,0omvn 0pInn Dv prna RR-1 -0 9NN
DPIN MDD DININPN 987 S8 M. persicae nn»on S¥ 019Vn PrNn MY SY N1A9NN 989
M2y N NN MpCP4 PN 2y mMMnun INK /N 931 IRDND TN DY NYIANND DMVN
- MpCP2 ,MpCPl) RR-2 99vn pnn nvidwa Nadsnn 81 nxnvn .MpCPS5S prnn
OMNMYN OTPIN DY YN MNVYNY DNMN NN ,0N2 NI9NIN MNvn Yy non (MpCP3
My N9¥IY »93) RR-2 -1 9892 N2 TNt Nn»p 290 NN MINY .NNANON DY NP vIpa

v 0x7 Mt MpCP3 -y MpCP1 5w C -0 nypa omv 09311 (RR-1 owwvn prnn
SV DINNNPN X7 ,DNVN DPINN HY PN .DINK DXPIN HY PN DN DMINN DXDVIN

qx7 ,M. persicae nnoN YV PN MMV (43) 102V NN N 68 Y915 RR-2 -0 an

MNT NN /N 38 ,0INXNPN 987 DN 1NN NMN MMND IR IRIN MpCP2 Hv \RR-2 -1 90N
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N 37 5w T Mt XN L MpCP1 Sw RR-2 -0 90K 89 (MmNt 88% -3) MMNWN 43 -0 TINn
RR-2 -1 90X 9892 75»p 7Nt DY 9NY DN 070 (MDY 86% -3) MMNYN 43 -N TINN NN

MM 76% -2) MMNYN 43 -N NN NN N 33 MpCP3 Sv
:Myzus persicae n12390 YY 0»99PIVIPN BNAYNA BIINHN DIV

v PN 5Y N -N NP2 NN (PIADN DAY 190N YN INHN N G87) DMINN DXDVIN
.C -n nxpa 03 N 00 nNaxy (MpCP3 -y MpCP1) prn»wa qona .M. persicae nmion

.MpCP4 x1n D110 DXL 19X XY 1AW M. persicae NN SY prnn Pan PN
OMYN OPINT DONTN PYANND TIXNNI THMIRND PN DINN DXDVIN DY DMNNNDIN

MM HY DINND DIPHRN NWNN DNDMNN PNy MpCP1 ypavna (Willis et al., 2005)
-M N -0 msp Nxd] .AAAPAY X KAPAY ,SAPAY :yap575 v ©nnn D2o0mn ,ndy
N3P 198 (YSAP) ,nmyT 990 0w .[Dombrovsky et al., (2003) -2 axnn> MpCP1 5w C
DX2LVINY DT M. persicae NMON Yv PN VIV DINMN DV MpCP3 v N -n
,(Andersen et al., APAY -v APA, AYY, AAPA nnyTd DAINNR DPIN YV PN NNTY

,TNY NPINITIA INKNDI PIIPOY PO PININ IPNIND /N DIXPYYN D987 DN NN 1995)
D%)129N2 YINMN DX DT DXANT 2D PINY ¥ NNT OY TN DMV DXPIN HY DMIan PNl

(eggshell) N¥»an navyn »235991 (chorion) NIATNN NINTI OIINPIVIP DRV DXINN DIAN
SV IMP NN IWIND DT VI ¥ DY ,(elastin) POLOOXR NAYNM (Andersen et al., 1995)
(Urry et al., 1974; ymyab nvinTn NPLOYNN NN 1D MIPNHN OINDIVININ MIANY PLOIHNN
ov C -n nspa opmn P(A/S)YNK wnxn /n 98 X 9100 ann dom  Urry, 1982)

OXPIN 2 DTN PN DY DX 93210 NNIT KXY KDY 1YY MM >IN RNy MpCP3
.9y MY HY N NDIPIVIPA YTIN NIN WHWNI NNND N1 989 191 .DMINN

M35 >IN N MpCPS -2 »n¥n GYQ / GY'Y »nrn /N 987 NN 99110 ,901 91N 220N

Y oy Py GYLG(G/Y)(G/Y) i .n 981 NX 9910 0100 1PNRT DY NN D01 Ny
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NIASNN DY MVIIN NIPA OVW NONY NT G810 .OMINK DPIN DY PN ININ PHIPOY PO
.(Hojrup et al., 1986 ;Apple & Fristrom, 1991) 207N 119700 M 27y movy)
D N L,PINN DY NOMIOINNA PYTPRD NNID ONNNA YY) DMV NP2 ONA PrHa

DM DNVIMIN YY oMYy Yy (up or down regulation) MIPa N NPHTPRD

.(Noji et al., 2003) Yo ©»9PVIP
$NYY %5 HY DINY 029019 YTV DINPIVIPN 0230NT D)D) ANNYN

,19Y NINND DY DY DINN (DVIADIN DN 7Y DMIN) PPN DY INNRD N 987 IXNYND

.(MpCP5) RR-1 »non 1nx pm (MpCP2 -y MpCP1) RR-2 »on pn »v May nnwy)
D27 MNT DY NNYP DY MK NTHDN NMYN MNION PN 7N PrAN NVIDY 987 IXNNYN
AN, NNY OY TN . R&R -0 9Na 92y ©MNWN NINNON 2N DNIMNN PrNN DY 9873

NP N2 MNY NRMPNKN DN ,PINN AINEPA DX NNY MIND DXIMN S DMINSDN Iy Tnyd N

M0 27P2 NPT OMKX PYAN NVIDY PN 2D NI DTN HY DIMINN 19010 1IMKN) 9872

N2 M NMMYN DX DRI MpCPS 0w min»on

2125390 HY DMAMPIVIP DTN a5 SHNPPVION 990N PAYN 3 NPT BPPY MNN

Myzus persicae

WP YINPPLIDN 199NN PNATNY TOY NPNDOI MNNN P N2 TY P DTN IHYUNID PISY 29D

PN DY NLYN 97y DINTVPIR NPOINPID MYNNNA 19NN DY ININID NMY) NNION PTND
.(Ammar et al., 1994; Blanc et al., 1998) nyann ymwrd7 NS M. persicae N2 )1vHN

PAY OONPIN 95NN PIAON P2 NPY NPT AUNRD DIYSNND DD TY PO NY L NNY Oy T

P29 DNOIN (NOYN N0 DY PTNN NPT NN NANNN) NOPIVIPN
TIN )IN2Y NMIYRID YIWAN , 0TI DMHXADN DNITHIND NI NDY NMNNID HYW PN S AN TYT2A
YHNPPVIAN 90NN PIADN PA NN NN IANPOIVIP NIADND 199NN NAYN P NPT DY NP

: ©YD7T YNV NNWY) ,NDYN NNION DMINPIDIP DMNAOND

cDNA -n 1799010 DORVIANN PN PAY 29DNN PIADN PA NPET OPP DY MIVON MmN ,NDINN

ANND N NOY RO ©27 OINN DM LE. coli »p1on mysnxa M. persicae nnon bv
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972N NN NPND NI NNDNNN INRD MIWIN 920N 1192010 MNIADND 95NN NIASN P2 NPRN
omaon o (eukaryotic) nNHyn NMN51 ONPHY OMNIAON DY TIDY MV SMINNN
NN YW MDY PYHIN O»p KY N2 (prokaryotic) E. coli o»p1na »va sy ovapnnn
212> N2NNN I0IND (2D NIND) XMIN I20N .P’NA TIND NXINN NIADNN DY TPIIIPIDY IO
DY "M125NN INOXIVIAN YD NN NND) MRV MIXMN 1PN cDNA -n NPIvOY NTIYN NPNY

NNAZY MNOYW NOY NIDNDN PPN MNND PO NWYI 07N SIPN DY 12NN 1IN DY .NOYN NNdNd
DV TONN NI2W ,DXPIN DY NINA NOPOIVIP INNN INKD PUNY 950N PNAON DY NN NN

NYY .MOPA OMINNYN DN DXDX0N DN PVIIN 11D DWNPYN DMINIADNM ,NINYPN NN

W ,Urea ,Calcofluor :0>mna vindw 0 DXpIna Nwyd 1ON DXO0N XY DMIAYN MNND

(Fristorm et al., 1978; Vail et al., 1996) 19 P> 0PN oMY Guanidine hydrochloride
N2y MNION NN D) PN ONAINY ,OXTNN DXPIND YIRMM INM PN NN MVLIY
20 (970 2-5) Mon Y1 (Nakato et al., 1990; Fristorm, 1991) (321 ny¥1o N , 0250 D)
NYY NN ,DINN DPIND PN NN 20 NNTY 195 .Ma MndHY 1YY mMnno mNnd
M. persicae noyn N0 PN YY N¥M nHap Iwar 1% Calcofluor -y 8M Urea ,0mnn
(Fristorm et al., 1978; Nakato et al., 90kDa -5 SkDa yaw D573 N0 PN PN AX»HN
30v 791 1% Calcofluor oy »¥nn Yy Moty NN 8M Urea oy oasnn »¥mn .1990)
PN MNNY NYTYN 199 ,90kDa -5 20kDa pay oo1in nnhva ,omMadvn Sv ANy and 9919
M. persicae nN1n5n1» NNNIN DY ININY DINAONN .ATIAYN TYNN2 NNXTNIN DY NDY NINDNION
NASNN P09 NIV IANDN .Y VININY OOINPOIVIP OMNIAOND DN MYNNHNI NN

MO0 W PND MY NYAPI 1997, MpCP2 150 15nY DN)TIND MAPN 120N N¥NIIVIAPNNY

DMINNN PN DN 99NN DY NP TN INN T, MNOY NDY NIDND DY NYYI MINdNN PONNY
2y DIPNNA NN OY TN> 7272 DXPTN MDD PWYN MN N PTNN DY MIYINN 27NN Dwa ,pTna

PV NIINA DWPYIN DPNR TR DINITAND NN DX PN YD RN OINK OXPINA PN
WY OIMMAYNN Y95 Pan 1 NNy av )Y (Csikos et al., 1999) omaxvn oipna

99911 N2AYN HY NPPTN NN NNION DTN D) DNSNN PN OPHN MDY DY H1391
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1% NV .Overlay-n noowa Nnwy)y M. persicae N1»»NoNN INNY DMNIAON IXR IONPPVIAN
(Blanc et al., 5N novyn NN HX 957N PIASN YW iN-vitro Np*n NPNIY 7aya Nwnv
29511 25N .(Peng et al., 1998) 11919817102 YW 3712010 Y7y DXYNPHN DN YN I 1997)

N3N .M. persicae Nno7n IXINY DINIAINN YYD TINn NIASN Y09 MUY Y 200 ZYMV v

.D5NN DMADN YN HOHNPPDION 99NN PNAYN P2 NPT DY NNPP DY NYRIN MPTN WD M

PNV DY 99N PNIAYN PIND TNN P11, NP0 NHYAY IINIPN PN T NANNY XTNY NN DY
PN0M 20NN ZYMV S »20pary vay 1010 )30 .pTND MWPN IR DXONMN DY NN
NN Y NDIINN) MNVIZI N (221N WL DY YO0 W) PO IPNIND N NAYNNY PNTIP)

Atreya -1(1992) Grumet et al., w0 92y2 .ZYMV 5w KLSC 7mwn 9N (099w \yon byl

SY NH2YN2 YODD 99NN PNAYN DY INDD TIDND NN NY INN 7PSVINY (1993) & Pirone

DIN¥NN DNIAVN/DXHTNN DMN IN 9901 DY NP2 3NYN MY IR 1D NN ,NIYWNN .01

DXOYPYVIdN DY NN PONNI NNNION PTNIY NNN NN 55N Sv MNHNN IpoNa

20 YY1 PV PRLDIN NN /N2 PYYN MNA N8N KLSC anx .(Wang et al., 1996)
N5N) YANINN NN NX ITHY DN ,MON MTaya .(Robaglia et al., 1989) Zinc finger bv
NI 199 PNIAYNA 0NN O INNL 0PN KLSC anxn » wsn 99500 pavn 5w (3D - »1mn
.(Plisson et al., 2003; Ruiz-Ferrer et al., 2005) 0NX 029N DY )NY YNNIV Hya
NN 09NN NN O (ELSC) Dy 8O (KLSC) ppn 99500 125N pa Nipdtn NN
DY 990N NOYY NN MIAYNY PPNN 199NN DY NPy NnrIN M. persicae nn»onn
995NN YW NP NNANY KD D DTN N0 MNAOND Nt XN XD ELSC 5w msvmnn
KLSC anxa nmosvmny 7o 9y wmaY 191> M. persicae nm03onn M8mma 012500 YN 0IvInn
NN SY ATIPON NN TI2) 199NN PNIAYN DY >ININN MIANN AR Nwavn  Zinc finger -n 91INa
M. persicae nN1n»on Yv PN M9YNaD PR NN ZYMV Hw 99500 Navn Yv nipnin 2 XY
SN ZYMV Sy 2995010 Nadn by npnn N9 Np Ty ,ZYMV Sv 1nyna Dy 90pm anmn
SV 1951010 MYNNNA DN PAYNY 191D XOW) B. brassicae 117510 noy nmomn prn M8mn

Sv MOPN wnvd NoNon MN) B. tabaci pavn vy nmeon prn NN S8 N (ZYMV
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ON PO NPy IR ZYMV 5w 129510 0 ININ DN NWIPN MDD MIRHIN L(DO1PPVID
72Y0 D% MXRNIN DY THN NP2 MY ION MIRNIN .M. persicae nn»onn »N¥n1a 0N
.(Dombrovsky et al., 2005) 3.2 y0 NXI NOY MDD N MYSNHKRI ZYMV Hv

PPN S8 ZYMV 5w (novyn »1250) 001 W in Vitro npty nm»pnn 2o NN it NmMay
MP2 MY YR MNXIN .DNIPINN ON DY 1950 NN q0IN IWRD P71, M. persicae nn»on Hv
oy nonnn (Govier & Kassanis, 1972b) 70 -0 NV MWYNID NYHINY WD DNIN DY THN
(Wang et al.,1998; Blanc et al., 1997) oynna mmayn v VYN 17 YV OMNIRIN
MY PWOIY 13D N1ION MNIAVN DN NIVLYNN NIADN DY NP DOPNNI YD MIYIRD NN NHIWN
;79912 NPT 2NN NNION NN MNT NN M2aP> TN Yy .Salomon & Bernardi, (1995)
YA PNIAON S0 NVIDY IMT DT IDIND DINNA OINIADNN DY NTIONY Y THN-TN D)2 WINOY DU
ND 932 TTIAY WA 1YY XY NN 0Y .ZYMV 5w 199500 NN SN 19890 vt nvod
TI901N 9732 DMWY PHRRIIPN OT1DM)2 DINN DD MINY DX NYOYN

-YT N7I9N2 wIdw nwyd M. persicae nm23onn pnn M YW any 1210 1790 Yaph nmn by
TR YTHND MYNNND YAP) NTIONN INKD N1ADNND MIND DY oMt .0M2aoN Hv (2D) mr1on

NTI9NN MINR VIAPNNY NN NI HR ZYMV Hw 950N nadn v nannn n»na .MpCP2

25N MIND 15 DR (NNY NNXIYI) NPT N NIVIR TITHN-ITN

MIND NX DNHNN PON MOPA XOND NIYIRY T 7PN, THN-YTN NTIOND NVOW DY NI
oy Y M. persicae n1non1» NN PNIASNN PPN NPT .I99NN IR NPT ININY DIN1ATNN

NIASNN 48T NYAP ,NNNRD : NIDPOYHN MYV ONY DY DDINN DMINIPIVIP DINIATND 195NN NIAVN

07y T (MDY NI DY PINY DIMINNDT DINNN TONI MIDN NN NNION) PN M
M. persicae -n »X1 025NN N5 117919 . MpCP2 705 yTnd 0INnoN 11 X773 YW NANNN
VNON DINNIN DIDD) D3N NMPIN MVLIY SNYIA IN NNNIIMT 199NN PAIN DN NPT ININ IWN

2Y YTPM NYYN NIDMION YTTIAY PR DY 0N 0NM cDNA -nraxy (10 7on NHava
oY NNNYNY DIDID NMIN WY QWX ONNI ToN NP war ,GenBank 0Mn paa wm

NN INNY NPD MAoN S (LC-MS/MS) 1NN N 87 NP Taa 0apnny DYoo

132



SV DMINPIVIP DMNANT DMINN DY YAPNNY 2970 YDHRN .I99NN NIADN X NP IR MNdY

NINND MYSNNI DXOIPPVIAN DY NIIYN 1IN MIAND YN NN OTPY MY IWINR 1Dy MN*NO

SV HONIPPVION 199NN PIAYN P2 IN-VILro NP DY NNPPO NNYRI MTY NP9YD 1T NTAY .NYY

DXIWAND ,1D TY DAV DNMN )00 .M. persicae nn»on Hv 0 NP0Ip 0M1AONY ZYMV

NI PN DN DY INPIVIPN NN DMINNN OPINPIVIP DINIATN I RXIND NIYYNY NYOD

STONOND N DY 1D W OIORPPVLIN IADNN NIATN DY NP NPT DXIANYN NNNION PTNIV
MNP NI PDINVANI” DIWNRYN PYNNY NMINTNA NP N7y N VIVO DD WIT» Pyl

DMAONM DN DY NINY DMNMN D0 DX D MIND W .NNNON PTNA 951N MNIAON SV

MPOIWN MADN MY D) TNYA WHYY DI OMN P22 NOYN MNAND DY OMINPIVIPN
-n n¥1apn Cucumber Mosaic Virus (CMV) 15 My msiapn 0NN 05N ;M3
NP DANT DIMN IN MDY WP OONIN Novynn Navon ona Cucumoviruses
NN PaND o (Perry, et al., 1994; 1998) 15N pTnaw 130N M1 59N HY MINPP0pPN
-7 NXIAPN DO O) YY) NVPND DOVNYNRN 1YY MNAMDY DX PA DPIYPRIVIND
NP YV NHaYNN YN .(circulative) mY0ONPPNY NTHNN NN 01N Polerovirus

DX DTN DNPINN : D9IN DO HY NIYNN TINH NN 2570 NNY NIN 1T DO
NNY PN MOV IR N9NNINNA DXTTIN VNN IN TN DININ DIFIONVN SYNN NN
1290 NN PYANY N7y .N9YN IO YV DY DNAYM DN HY MIANYN NI1NKN N NIV

,0ON29NN DY TTIN-IT NTIONA )N YINOYW IOR MTIAYA YY) ,TPONN DX NOYN NNNO
,Rack-1 02500 Mt iN-Vitro NP3 »1D32 .15 125N PIAY DNPINN P2 NPT NN N
(BWYV) 5w 02399 HX nprra oayn> M. persicae nn»onn Actin -y GAPDH3

D>)125N5 19511 P2 NPt DPPY MNN .(Seddas et al., 2004) Beet Western Yellow Virus
N72¥N2 DOy 795NN PADN D NTIVN DX MONMNN MAMNND ,NOYN NN HY DMINPIVIPN
.(Thornbury & Hellman, 1985; Plisson et al., 2003) 71>

1192900 PP9NN MTINN-NN SNV NINYN 1Y NHNYH NHNY)

NYa MO 95NN PIADN DY NMITNN dNY 1Y 19IND NN DYPADNN DIMMD) DINNHDND PITY PR

non (Pirone & Blanc, 1996 Yv onpo NXI) OXTNR 0PN DY NONPHN MIVAN .172YNN
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TIVA N300 PTNA PYIN VN INT IX NNVYP NNYNRIN 199010 PNIATN DTN HY TND NNV
NNNNA NI DN )P0 NYP NYN NSPN DN IUN 199NN PNASN DTN DX NP NN

.35 9901

Nt
i n7'0NN
/
NTTA AT'N
1970 W
12wy
nmn' Ny
abrhhil’}

PIHAY PN 9N HONA Y9DIPIVIPN MNDINN YN 0231999 NYIPA 9951N PNaADN MANYN .35 9901 NN

Na)ake =0

DN Y IPNN ISP YT P9 NWYI PTNN JD DIIN HY MINYM NWPN DN DDA
0N PTY ,TPNRD D99 79900 PNATN MYNHNI DIPIN YWY NWPN Yy MNm) Npdn mand

NPIVAN VIDY NINAY NI .APATIN TONN2 DIPINN DY NINYN 1IN MIAND 27 YN
PTND TINS INWI 99971 T 7997010 19 1INNYNR N L

(PTNN I PRINKY T99NN) 195ND NYP YTV PTNN Y IINNWN YN T

NNOONVIND NIINNVN ,1IVN DTN DN, PTND NNYP NINWI TN 19571 Nadn nnd LI
VMY MYP NTIYa

DNIAON MO ,NOYN NN OMONN DN DANYN DYDY DN MINYN PHNNA

NNX 99N NN NINYD DYND OIX IDIVY) 190N DY PN DINI DMINNN DIVIDINVIID

OMIMN OMIIN Y AN NPNY NVYY MINYN TONN .I95NN 11 1PN NINYD IX NNIYIN
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MPYWH DN MMYY NN ORNA pH -1 1T 1D ,NOYN N3 NN NN IRPTNON NNNN MY

P PN PINNY N 95NN NAON M HY (disassociation) MSNINIDMTY DINY TI2) WON

TN, DTN NP JONR,DOYD NMTOIN NPIIVARD I IDON MNIAPY N7Y GO IPNN WIT» 990NN
INNYNN JPIINY 7727 JPIXR OX ION NMIVAN N YHDY DI I NTIAYA GONIY YN
DYDY MYNYN NPND NI 92TY 995010 PNATND TN INWI ,NNNN DY NNDINVIND TIND

N2 INND RN2 INYNN DY DNUYNIN DMIDWA  PD NVPN 199100 ¥YPON o) 1PN

.(Cronin et al., 1995; Rojas et al., 1997)nynn 125N Sv Tpan 0y v 195010 NNV

$DTYN IRENN 010

DV DXDYPPDIY PAYND DN DT NYY MINND DY DMWY DN ¥ NN

702 DXOYPYDLI DY NNAYNN DDA DODTI) NYYN MNND OPNY O DY NYANNH e
LDINNN 90N PNADN HN PNPIT IR 7 NIONY NNOPNNY

NOY NHNNNN NP 2N POORPPVIDN NALVYNRN PN DY N -N NSPIY DN e
950N N1AdN

0¥ MMM 5W PN 090 cDNA YW vIn N Ton NI @

DMINY NYIAPN NOY NN NN MY DY MNAND DY OOINPOIVIP OMNIAON WIAPNN e
SN0 AN 489 NYIAP ,TTHN T NTI9N NMYNNNI

Sv PN YN OIRPPVIdN 199NN PN P2 IN-VILFO NPdY SW NRYP ,NNUNID DNIN e

9YN NN
TNY P PNYR .NOY MMIAMDY 95NN P2 IWPN PARD MYTN NPIVAR NNMO N NTAY
OPNN PN NN DY DD DXOYPPLIY DY I901 MIAON DY DY NPT DY NNPP N»NIY

PN NN ANRD AYWARD AN MYT P NITN MVLIY TUND TAYL .NDY M DY XD

AN-VIVO NP7 DYP PN 11300 11X KON 195110 DY DM IWN
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Abstract:

Potyviruses are transmitted by aphids in a non persistent manner. Aphid Transmission
of potyviruses requires the presence of a non structural viral protein called Helper
Component (HC). The most accepted hypothesis for the mode of HC assistance to
potyvirus transmission is the so-called “bridge hypothesis”, that proposes that the HC
binds on one hand to the aphid's stylet and on the other hand to virions. In order to
determine that specificity of the HC for potyviral virions, we made use of zucchini yellow
mosaic virus (ZYMYV) (infecting cucurbits) and turnip mosaic virus (TuMV) (infecting
crucifers). The HC of ZYMV could assist the transmission of virions of both the
homologous (ZYMV) and the heterologous TuMV. On the other hand, the HC of
TuMV could assist transmission of virions of TuMV but failed to transmit those of
ZYMV. These findings implied an incompatibility between TuMV-HC to the ZYMV
virions. To ascertain the role of the potyviral coat protein (CP) in the recognition by the
HC, the full length clone of ZYMV has served to construct a chimeric virus in which
the N terminal of the CP was replaced by that of TuMV, (ZY-TuNT). Transmission
results have shown that the TuMV-HC now assists the chimeric virus ZY-TuNT.
Polyphagous aphids species, M. persicae and A. gossypii readily transmitted both
ZYMV and TuMV whereas, the crucifer species Brevicoryne brassicae and Lipaphis
erysimi transmitted TuMV efficiently, but not ZYMV. From these results, it is evident
that the ZYMV-HC is not recognized by the mouthparts of the crucifer aphids.
Potyviruses are carried within the food canal of the maxillary stylet, presumable bound
via the HC to its lining. The aphids' stylets are made of cuticle, the cuticle of insects is a

composite material made of chitin filaments embedded in a cuticular proteins (CuP)



matrix and sealed with waxes. Cuticular proteins interact with the chitin fibers through
conserve domains (R&R consensus) that function as a chitin binding domain (CBD).

The R&R consensus differ in CuPs from rigid or flexible cuticle. Until now, data on the
CuPs and CuP genes from insects in the order Hemiptera (including aphids) was not
available. Therefore, in the current work an effort has been made to create a base of
knowledge for cuticular genes and proteins. CuP genes were isolated by the
construction of several cDNA libraries for M. persicae. These libraries were screened
by two methods, the first with an anti-CuPs antiserum for the proteins expressed from
the libraries and the second using degenerate primers for the conserve R&R consensus
of the CuPs looking for their presence in the cDNA libraries in PCR reactions. In this
manner, the cDNAs encoding for CuP were isolated and characterized. These cDNA
sequences allowed to isolated six CuP genes from the genomic DNA of M. persicae.
Five of them contain the R&R motif; three of them were of the RR-2 type (mostly
found in CuP's from rigid cuticle). Two additional CuP genes contained the RR-1
domain (mostly found in CuP's from flexible cuticle). In addition, one putative CuP
gene lacked the R&R consensus and was classified as CuP based on the high sequence
similarity to cuticle proteins known from other insects. Conserved homologs for the
gene for the CuP from M. persicae, (MpCP1) were founds in sequences from five other
species of aphid species analyzed herein (L. erysimi, B. brassicae, A. gossypii,
Rhopalosiphum maidis and Aphis fabae). The homolog for another CuP (MpCP2)
from M. persicae was slightly more variable among sequences from four aphid species
(B. brassicae, A. gossypii, Rhopalosiphum padi and A. fabae) that MPCP1. On the other
hand the MpCP5, was variable among the homologous genes of three aphid species (B.

brassicae, A. gossypii and A. fabae). Presences of introns in genomic genes for CuPs,



was only found in those with the RR-1 consensus (MpCP4 and MpCP5): a large intron
(472bp) for the MpCP4 and two smaller introns (85 and 149 bp) for the MpCP5.
Expression of CuP genes with two type of consensus (RR-1 and RR-2) in Escherichia
coli, allowed retrieving the respective proteins. These proteins served as antigens for
obtaining specific antibody to aphid's CuPs in rabbits.

Extraction of proteins from whole aphids allowed obtaining cuticle proteins in another
manner. The methods for extraction were based on those applied for other insects. The
total proteins profile for whole aphids’ extracts (M. persicae) was determined after
separation on polyacrylamide gel electrophoresis (PAGE). Many electroblotetd bands
were recognized as CuPs by the specific antisera that were prepared earlier.

The interaction between CuPs extracted from M. persicae with the ZYMV HC, was
determined by the overlay method. CuPs electroblotted on nitrocellulose membrane
were challenged with purified HC. Bound HC was visualized using an antibodies
specific to HC. In this manner, three major protein bands were found to bind HC. The
mutated HC (inactive in assisting transmission) used as a negative control did not bind
to the CuPs. Another control was made using protein extracts from two non-vector
species for ZYMV, the aphid B. brassicae and the whitefly Bemisia tabaci, both failing
to interact (in-vitro) with the purified active HC by overlay assays. The bridge-
hypothesis assumes that the virion is indirectly bound to the stylets via the HC. To
ascertain whether virions are directly bound to the CuP (NOT via the HC), the
electroblotted CuP was challenged with ZYMV-CP or virion in overlay assays. There
was no proof for direct binding between the CP and the electroblotted cuticle proteins.
However, when purified HC was added to the virions during the overlay assay, binding

to the cuticle proteins occurred. These finding provide additional support for the bridge-



hypothesis. The protein bands reacting with the HC were close and their proximity did
not allow the separation required for protein sequencing. Therefore, separation by the
two-dimensional gel electrophoresis (2-DE) was adopted in order to get a better
resolution of the CuPs. The 2-DE separation of CuPs yielded numerous spots that
served for the challenge of the purified HC (as described above for the single
dimension). The PAGE spots respective to those reacting with the HC, were excised and
served for the determination of the amino acid sequence by mass spectrometry (MS).
The amino acid sequence of some of the proteins spots reacting with the HC confirmed
their identity as cuticular proteins (based on the sequence data available in the
database). Some spots, for which no information was available in the database, were
recognized as CuP based on their reaction to antibodies to CuP. These findings are the
first proof for an in vitro association between the potyviral HC and the aphid cuticular

proteins.

In summary, the following findings were reported: the N-terminal of the coat
protein is involved in the recognition a homologous helper. The first aphid
cuticular protein cDNAs and genes have been isolated. Several M. persicae

cuticular proteins were found to interact in-vitro with the potyviral ZYMV-HC.
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