Zh o) Ry

K 4GS % = %
= 0 & B o+ (B %)
20 am B B B OB % 853 %
A E4EA B oRk 18 4E 3 B 24 B
AN 5. D B s RCIHIE 4 5% 1 B
W%k B E K BT RLS A R R
(- Eme)
% i 3 SCHE B hv NEEROFRBERIEY A L ADEEME L ST T4

N DNA OIFEFEMEICEE 3 258

MY EEEE 0 (T K H B WM E T A
@ & ZH B ™R A
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Y DNA YA VW AD—FBTHE3VzITANARRIETISNABDOT A I R
HREMTRRLEEZEPEFEEITVS, RTEUSNRIR 2 285/ LR
(DNA-A, DNA-B), B —% ) )\ % (DNA-A), B—% ) A/9 554 b DNA B (DNA-A,
DNA-BIZAH T ENB. U551 N DNABRE—Y ) LABRITEYAIAICHEL., HH
REICHESLTVEYE, BEMNERCHREEREMBIRH TS 2. #RASHORT
BECBVWTIRETAIIMNY M EBRREIRTEVSINARIZ2EEREFD—DOTH D, L
ML, BEHIZRRZE—-5F ) LABRIETLIINVZAETTS51 - DNABOEEHKRICK -
THHERBIINBZ MY MEFEROFRIZIOVWTRELAEASATVARWN, T, b
YhEBRRBRCHETZH S ) LBRRITEISINZAETT S5 N DNABO B FREZH
SHICT BT EM. UANIERE, ERE. AEFROWECHEEINBLEEL D
bDELBEbh3,

ERRATIE. 1VRRITRBLWTRAETA MY NEERENLS 2 EREOE—-F /A
BARITETA ) X(Tomato leaf curl Java virus, TOLCIAV;, Ageratum yellow vein virus-[Java],
AYVV-[Java) R U855 1 & DNAP (DNABOl, DNAB02) %= 4 ML . A< FBEHRNE—Y
JABNRITETANRAESTTA ~ DNABOBAKIE>THERZIN, ¥551 k
DNABD 21— R 36C] BEFUHEHBREZR L RNA Y LT U 7NIMCEET I L%
BoMhicLlz, S5, PYMREMAITICBET ZHE D Ageratum conyzoides 1 5
ToLCJAV & AYVV-[Java] DI TRENERICEI > TEUERTEYA N A ELBL.
MY rERBOFRBRIIOVNTERLE,

B1E M MNEEFEIOLBENERTEYASNA, Y5514k DNAB, @A#
X DNA O 7Rt

1-L:2EEORRBBE - ) ARRITETIAINVADY ) LA BEBRUSFREBK

FETEARRYT, DYy VD MY MBRBCRETI2EBRBORRRIEV IR
DR FREZHASHNICTZ2EHHN T, FYREBERFBRIDVSBINERTEISINVREY
751 - DNABO BT £1T o 7=, _

MY FEBREREISHELAES DNA 28H8IC PCR 70—V VR IVEEREAOR
2% 2 BEDORITEYA ) X(Java virus-1, Java virus-2) B SNz, SEERAZHREL
7z & Z 5 Java virus-1 (% 2752 . Java virus-2 (L 2735 EE N 572> TW/z, Java virus-
1 & Java virus-2 {33 ICBE—%" ) A(DNA-A)D 572D, 6 DdD ORF (V1, V2, Cl1, C2, C3, C4)
ERETFHIEBRERICATA - V- THENRER I N (Fig. 1-1). ATALV—TH
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EIRBITIX Cl SEMEEE 4 /X7 E (replication associated-protein: Rep) D &SI L E 2 5
N34 0K LK Fl(teron) (Java virus-1, GGTCTCAA, Java virus-2; GGAGACA)NEEL 7=,
Java virus-1 & Java virus-2 7/ A DNA-A R O 2B ERINEZECLES FRIHEBKT T
i, 7TOT7THBRTOBMEI NN M A conyzoides BPB—F ) ABRIRTEYAL Y
W—T RT3 I EMNREINEFg 1-2). V1 A gEH )2 HE(coat protein: CPYD 7 I )
BMEFZREIILU D2 FREMBIT CTIX. Java vius-1 IR RS BINERTEY )
ATN—=T &2 5AF—%2FHK L. Java virus-2 |% 4. conyzoides I S PBEEN=RTEY
ANWART V=T ED T AE — %L = (Fig. 1-3), Java virus-1 OXEEE AN O L& TIT.
BESR D Ageratum yellow vein virus (AYVV) & 87%. Java virus-2 & 85%DHEEIEZR L, Java
virus-2 {X AYVV & 92%0F WHEEER Lz, Java virus-1 O CP 7 X/ BREFN O LK T
{X. AYVV, Java virus-2 & 87% DB Z R L. Java virus-2 {3 AYVV & 97%0D & WHEE
HEERL 7%, DNA-A R OLEEEF. CP 07 I/ BEF OHFMEL 90% - % F&E
ETBERTIETAINVADE - MBLBEBEITH ., Java virus-1 % Tomato leaf curl Java virus
(ToLCJAV). Java virus-2 % Ageratum yellow vein virus-[Java] (AYVV-[Java])& & L 7=,

1-2: 2 @E DRI BH 551 - DNABE 1 # X DNA O MR i

ToLCJAV RTX AYVV-[Java]REBP b T MkD £ DNA 2RI PCR 70— J
KVEEEAMNORIZS 2EEDOY T 51 ~ DNAB (DNABO1, DNAB02)A%& 5 /= . DNABO1
XL EM 1346 IEE. DNAPO2 (T2 ED 1354 HEM 5725 TWW/=, DNABOL & DNABO2
121X 1 DD ORF (BCHMHEFLEL. ToLCJAV & AYVV-[JavalicBEL =X F A+ V—T#
ENRER X N/=(Fig. 1-1). £/=. DNAPO1 & DNAB02 iZi 200 HEBED 7T ITE
0 B B (A-rich region, ~65% A)REEL. X 7T A - V—THBEEHEITIE ToLCIAV &
AYVV-[JavaliZ I L 7= iteron #REZFI(GGTGTGTA, GGTAGAAA, GGAGAAG)REEL /=,
SRR ERICLESFRABHT TIX. DNABOL & DNABO2 iZ AYVV DNABERIU »
52— %MWL 7= (Fig. 1-4). DNABOl & DNAB02 £HEERADLBETIX. 93%DH
HMEMEERL. AYVV DNABL X ZHhZh 81%DHEfEER L /=. DNABOl & DNABO2
¥ ToLCJAV. AYVV-[Java]l& OHEE &I, RTEYSIZAS /LA DNA KERT B
STREVWIEREZ SN,

< FEERHKL DNA 2RI PCR 70— FI2k D554 Mk DNA RS
N, SEEEFT 1299 EENS5ZD. 1 DO ORF BCHEXT AL » N—TRENFER
SNk EFig. 1-1). £/ XA T bV — THEEHITIZ AYVV-[Java] & F] U iteron (GGAGACA)
MEELE. TS5 MRDNARDWT, BEFENERIMITET o2& T 5. ToLCIAV
T nt. 77-1213 (P= 2.580x107%) & nt. 190-216(P= 3.670x10"*), AYVV-[Java]TiZ nt. 1155-39
(P= 2.870x10°'%), DNABO1 Tl nt. 367-883 (P= 9.981x10”°). DNAPO2 TiX nt. 450-1110 (P=
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4.210x10°)YDOER TRENAR I REL TW=(Fig. 1-5). > T. ¥5 51 Mk DNA
4 BORDICHRKT 5 X DNA (recombinant DNA: recDNA)TdH 5 Z E SN -
7t

$28 Y751 b DNABORRMELBEERERHT
2-1: RTEUAIZX, Y5751 F DNAB, SIMZ DNARR KB Y M EREFOH Y

FETIE, FPIYRBEREIERITREREABZRITETSINAEY T T - DNAP
DERERVEBFIHIIOVWTRHMLE,

ToLCJAV. AYVV-[Java]. DNABOl. DNABO2., recDNA O REFEIr O — 22 NAF U —
Ry F—IHEEL /= (Fig. 2-1). Bt 0—id Agrobacterium tumefaciens &/ L T.
k< b (Lycopersicon esculentum cv. Hausumomotaro)iZ # % L 7=, ToLCJAV. AYVV-[Java]
DEBRTRIVANANSFERL ENERBTH o /= (Fig. 2-2). ToLCJAV/DNABOL,
AYVV-[Java]/DNABO1 O HEFX TIXBENWERERNR SN, U1V X5/ A DNA, DNAB
Dk ic B = /= (Fig. 2-2). ToLCJAV/DNABO2. AYVV-[Java]/DNAB02 DMK Tix. B
RERREABROBEERNA SN, U1 IV X5/ A DNA. DNABM R IZHRH & iz (Fig.
2-2), ToLCJAV/Rec. AYVV-[Java]/Rec DHEEX TIL. EHRMTHD . AYVV-Java]DFHE
T D BT recDNA B H X 7= (Fig. 2-2). TOLCJAV/AY VV-[Java]/DNAB01/DNABO2/recDNA
#EEX TIX. ToLCJAV/DNABO2, AYVV-[Java]/DNAB()z DEEBREFABOBREERNAS
= (Fig. 2-2). |

DNABIZIIANIN N =T A )y X5 ) L DNA ICRREMIR iteron MFFE L2V, DNABO]
BN DNABO2 REICRBIZBMONRTEIVASINATOEMULE, XTETAII XD iteron
DOEER. BANETVAIINVATKHENTHSMN, iteron PITHBEL THREINDS GGA £z
X GGT D 3HEEN . Rep F NI HADOKBICEE TH %, ToLCIAV @ iteron (GGTCTCAA)
& AYVV-[Java]® iteron (GGAGACA) & DNAB®D 3 D@ iteron ¥RECH (GGTGTGTA,
GGTAGAAA, GGAGAAG)IZIZ#IZ GGT £721 GGA DREFERFNELET 5. DNABD &
BIZBWTIX Rep #F /N EMN iteron HREFNOETOREEZRRT2OTHEERL., BE
DHEEEFNZRBZL. HENEZLELASN S,

2-2: Y5514 RDNABD I — R 36CI BETFDRERNT

< FE&ZER A ToLCJAV/DNABO2 E7=iX AYVV-[Java]/DNAB02 D ESEKIZ L > TEH &
BZEIN, DNABD2 WRMBRICEETHR I ENHSNIZIR -/, F T T DNAB02 @
A—-RYZCI BEFOREBITENHEREICOVWTRAL &,
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pCl B FOBMB IR IC frameshift TR E2BALEERE YYD —
(ToLCJAV/DNAB02mBC1, AYVV-[Java]/DNAB02mBC1) % #E% L . Nicotiana benthamiana
HEEITo%. ToLCIAV H#EERX TIZENTHDEREER. ToLCJIAV/DNAB2 HEEX TIE
BLWTEOBREERMNEN/=(Fig. 2-3). ToOLCJAV/DNABO2mBCl HEEXITB W TIT.
ToLCJAV #RBKX & FRICEVWTEOBRERNRAN (Fig. 2-3). AYVV-[Java]EEX T
EELWEBOEFEER, AYVV-[Java]/DNABO2 HERX TIIHML W TFTH 0B RERNE
N7z (Fig. 2-3). AYVV-[Java]/DNABO2mPC]l #HEBMRIZ BN TIiZ. AYVV-[Java]#ERKX & FR
ITHL W B0 BRERNRENIZ(Fig. 2-3). |

Potato virus X PVX)RXD ¥ —IZ XD N. benthamiana HTPCl BEFERRIEEELT
By ANWN—TAINANREELZ TS, ToLCJAV/DNABO2. AYVV-[Javal/DNAPO2 kH
N. benthamiana ERIRRIZT 1 )V ARKBBER L 7= (Fig. 2-4). ZLOHEMIT ANV ADOHEE
HBREFN RNA ALV 2 T0AHEF (WL vd—) EUTHETEZENAS
nTWws, £ZT. GFP 2R3 3 3 N. benthamiana line 16¢c IZ PVX RV ¥ —2F T,
GFP BEFELPCI BETFEHRBREIVRLLIA,. RNA A LI U VO NHBERENRD
5 iz (Fig. 2-5) ALOKRMN S, C1 BEFIRIBEIHY TCORBRELAROERK
HBERARBBETFTHD., ST RNA YIS VLI T3y —& UTHETS
ZEMALNIZTRD T,

B38E ERXCERERT Ageratum conyzoides i 5 P BMEIN=RITEIAL IR,
¥ 551 b DNABD 2 F 4 £

MNY MEBRERRBEBMMTECEIRIEISINVZAOBRRCEIDEREZELCEREZRT 4
conyzoides tNEAE L. hY NBRMOGREL 25 THEENRRIN TN S, FETR.
EIRBCERERT A conyzoides KV BEINERTEISNINVADHTFHEHEEITLE
EREOMEEIZOVWTRA L.

ERBLERZRT 4. conyzoides N LHIH U772 DNA 2 &IZ PCR 7 0—= 1
EDRITEYA )V X(Java virus-3)Z 5 HE L 7=, Java virus-3 1T —7 7 A(DNA-A)T2E
M2747 HED B /2> TW/z, Java virus-3 21X 6 DD ORF (V1, V2,C1,C2,C3,C4). AT
Lo Jb—T7HiEs, iteron (GGAGACA)MNZETE L /= (Fig. 3-1). Java virus-3 7°/ A DNA-A B
DOSEEENEZRICLESTREBFT TR, 7OT7HHO M MNP A conyzoides i 5
PEBEINEE—F ) ABRRTETDAIVATIN—TICBL, ToLCIAV ERUV S X5 —%
W Bk L 7= (Fig. 3-2). Java virus-3 %°/ A DNA-A RSO 2EEEF O L& TIX. ToLCJIAV
& 91%. AYVV-[Java]t 89%DHFEIEZRL. CP 07 I ) BEF D L& TIZ. ToLCIAV
& 98%. AYVV-[Javal& 87%D R %R L /=(Table 3-1), BEZHNEABRIMITEITH
& Z A, Java virus-3 %/ . DNA @ nt. 2389-2692 {8 IZ ToLCJAV @ ORF Cl1., C4. #&ix

—235—



FRIEBRERO SKEMR AYVV-[Java]& ORI TRENER X (3.739 x1079N&E LU TN
32 EMBE S5SNI S & (Fig. 3-3). $o T, Java virus-3 % Tomato leaf curl Java virus-
[Ageratum] (ToLCJAV-[Ageratum])& @4 L /=,

ToLCJAV-[Ageratum ] Ft A. conyzoides & D ¥ 5541 & DNAB (DNABO3)Z 1 MEL /=.
DNAB03 D2 &KL 1360 HEN 572D .1 DD ORF (BCl). A F A + )L — T #i&. A-rich region,
iteron $% &3 (GGTGTGTA, GGTAGAAA, GGAGAAG) M#&F#E L /= (Fig. 3-1). DNABO3 @
SEERFNEHICLEDFRMEMBHT TlX. ToLCIAV/AYVV-[Java] DNABO1 KT8 DNABO2
28T AYVV DNABE UV S A ¥ —%WH L /= (Fig. 3-4). DNABO3 2B EKFNDOUEKT
{X. ToLCJAV/AYVV-[Java] DNABO1 7N DNABO2 & FNEFN 94%. 87%DEHWHFEE %

ZN
WE

1. 1 RRITEZBWTEEEREZRT M 5”5 ToLCJAV. AYVV-[Java]. DNABOI.
DNAO02. recDNA 24 L /2. ToLCJAV, AYVV-[Java]i3 & —% ) AH 572D, DNABOI
BRBOERICE 5SS, DNABO2 X ToLCJAV E/iX AYVV-[Java] OFEFTH~
MNEBREREFELE. BEZHHARZIBHT N 5 recDNA X TOLCIAV, AYVV-[Java].
DNABO1. DNAO2 @ 4 # D DNA B ICHRT 2B X DNA TH D . AYVV-[Java] O
FEETTCOAEMLE,

2. DNAB02 ®3—RFZ6CI BETFRERBHITN S, MURRICRELTNS I LHH
BRICRoTE, BCl BETFEIANNN—TANZINEELRLI EBBEEDITVI
ARFABMEFEL., SSICRNASA LV T oMREENRRD SNE,

3. BIRBERERT 4. conyzoides i 5 HES 7= ToLCJAV-[Ageratum]iZ. ToLCJAV
& AYVV-[Java]D% / A DNA ROICHMKL, BR3 2 AEORITEVAINADOES
BRCIDFEORIETVAINAIANELZ ZENRREINE,
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1346b 1299

367
144 pct L 24 pc1

Fig. 1-1. The genome organizations of Java virus-1, Java virus-2, DNAfs
(DNABO1 and DNABO2), and satellite-like DNA. The open circles
indicate the stem loop-forming region containing the conserved
nonanucleotide TAATATT!AC. Nucleotide numbering starts from the
nick site (}) within the conserved nonanuclectide. The arrows represent
predicted ORFs in both orientations (‘C’ for complementary and ‘V’ for
viral sense) and potentiaily encoded proteins are shown as black arrows.
The region of satellite-like DNA from nt. 1112-233 originates from Java
virus-1 (nt. 2560-233) and Java virus-2 (nt. 2560-236) genomic DNAs.
The sequences of the satellite-like DNA (nt. 367-1112), DNABOI (nt.
135-877) and DNABO2 (nt. 135-879) have high sequence identity.

TYLCTHVA{1)

BGMV-{BZ]
2] 100 IE sLCV
i TGMV-YV

I
——
ol 18 TYLCCNV

Fig. 1-3. Neighbor-joining phylogenetic tree obtained from the amino
acid sequences of the coat proteins of Java virus-1, Java virus-2, and other
begomoviruses. The vertical distances are arbitrary and the horizontal
distances are proportional to the calculated mutation distances.

frm—ee—q
a1

Fig. 1-2. Neighbor-joining phylogenetic tree obtained from the complete
nucleotide sequences of Java virus-1, Java virus-2, and other begomovirus
DNA-A components. The vertical distances are arbitrary and the
horizontal distances are proportional to the calculated mutation distances.
The tree was rooted on the sequence of Beet severe curly top virus-Cfh
(BSCTV-Cfh: accession no. U02311), belonging to the distinct genus
Curtovirus. The following sequences were obtained from GenBank and
used for comparisons and phylogenetic analysis: Affican cassava mosaic
virus-Kenya (ACMV-[KE]: J02057, DNA-A), Ageratum enation virus
(AEV: AJ437618), Ageratum yellow vein China virus-[Hainan 2}
(AYVCNV-[Hn2): AJ495813), Ageratum yellow vein SriLanka virus
(AYVSLV: AF314144), Ageratum yellow vein Taiwan virus-[Taiwan]
(AYVTV-[TW]: AF307861), Ageratum yellow vein virus (AYVV:
X74516), Bean golden mosaic virus-[Brazil] (BGMV-[BZ]: M88686,
DNA-A), Indian cassava mosaic virus ICMV: Z24758, DNA-A), Pepper
leaf curl virus (PepLCV: AF134484), Squash leaf curl virus (SLCV:
M38182, DNA-A), Tobacco leaf curl Japan virus (TDLCIV: AB028604),
Tomato golden mosaic virus-Yellow vein (TGMV-YV: K02029, DNA-A),
Tomato leaf curl Bangalore virus (ToLCBV: Z48182), Tomato leaf curl
Bangladesh virus (TOLCBDV: AF188481), Tomato leaf curl Karnataka
virus (ToLCKV: U38239), Tomato leaf curl Laos virus (ToLCLV:
AF195482), Tomato leaf curl New Delhi virus-Severe (ToOLCNDV-Svr:
U15015, DNA-A), Tomato leaf curl Philippines virus (TOLCPV:
ABO050597), Tomato leaf curl Taiwan virus (TOLCTWV: U88692),
Tomato leaf curl virus (ToLCV: 853251), Tomato yellow leaf curl China
virus (TYLCCNV: AF311734), Tomato yellow leaf curl Sardinia virus
(TYLCSV: X61153), Tomato yellow leaf curl Thailand virus-[1}
(TYLCTHV-[1]: X63015, DNA-A), Tomato yellow leaf curl virus
(TYLCV: X15656). ’

—237—



Fig. 1-4. Neighbor-joining phylogenctic tree obtained for DNAfO1,
DNAPO2, and other begomovirus DNAS molecules. The tree was rooted
on the sequence of Tomato leaf curl virus satellite DNA (ToLCV-stDNA:
accession no. U74627), a distinct sequence in the DNAP of other
begomoviruses. The vertical distances are arbitrary and the horizontal
distances are proportional to the calculated mutation distances. The
following sequences were obtained from the GenBank or EMBL
databases and used for comparisons and phylogenetic analysis: Ageratum
yellow leaf curl virus DNAfO1-Pakistan (AYLCV DNAB01-Pak:
AJ316026), AYVV DNAP (A1252072), Bhend! yellow vein mosaic virus
DNAfB (BYVMV DNAB: AJ308425), Chili leaf curl virus DNABO1-Pak
(ChLCV DNABO1-Pak: AJ316032), Cotton leaf curl Multan virus DNAB
(CLCuMV DNAB: AJ292769), Cotton leaf curl virus DNABO1-India
(CLCuVf01-Ind: AJ316038), Eupatorium yellow vein virus DNAB
(EpYVV DNAB-m: AJ438938), Hibiscus leaf curl virus DNABO1-
Pakistan (HLCV DNABO1-Pak: AJ297908), Honeysuckle yellow vein
virus DNAB (HYVMV DNAB: AJ316040), Malvastrum yellow vein
virus DNAB (MYVV DNAB-Y47: AJ421482), Okra leaf curl virus
DNABO1-Egypt (OKLCV DNAPO1-Egy: AF397217), Okra leaf curl
virus DNAfO1-Pakistan (OKLCV DNABO1-Pak: AJ316029), Okra leaf
curl virus DNAB02-Pakistan (OKLCV DNAf02-Pak: AJ316030), Okra
leaf curl virus DNABO3-Pakistan (OkLCV DNAB03-Pak: AJ316031),
Tobacco curly shoot virus-Y35 DNAP (TbCSV DNAB-Y35: AJ421484),
Tobacco leaf curl virus DNABO1-Pakistan (TbDLCV DNABO1-Pakistan:
AJ316033), Tomato leaf curl virus DNABO1-Pakistan (ToLCV
DNARO1-Pak: AJ316035), Tomato yellow leaf curl China virus DNA§-
Y8 (AJ421622), Zinnia leaf curl virus DNABO1-Pakistan (ZLCV
DNABO01-Pak: AJ316041).

RecDNA
1/1299b

a b ¢
L 1L 1

Rvent Reglon Origia P-vaine
s nt 115339 AYVV-[Java] (0L2633-45)  2.870x 103
b at 7123 ToLCJAV (ot 81-129) 2900 % 104
¢ at 190216 ToLCJAV (. 218246) 3670 x10¢
d ot 36788 DNAPO1 (ut. 135.657) 9.981 x 10
e Bt 4501110 DNAPO2 (nt. 219.879) 4210x10°

Fig. 1-5. A schematic representation of the recombinant regions in
recDNA. Potential recombination break points and the probability (P) that
the indicated regions do not have a recombination origin are presented.
The shading patterns indicate the viral genomic DNA or satellite DNA
origins of the recombinant region. The open circle indicates the stem
loop-forming region. The BC1 ORF is indicated with an arrow.

- T
praen o . L 2o :
R
r P — - Rae L mw ————P
,nm* hd * 2 ‘fL—I TH ?F
e e =i

B .

Fig. 2-1. Construction of infectious clones of TOLCJAV, AYVV-[Java],
DNAfs (DNABOI and DNABO02), and recDNA. The open circles indicate
the stem loop-forming region. The arrows represent predicted ORFs in
both orientations (“C’ for complementary and ‘V’ for viral sense). The
restriction sites used for cloning are shown: (A) Xbal (nt. 528) and Sacl
(nt. 2144) on ToLCJAV genome DNA, Clal (ut. 314) on DNASO1 and 02,
and BamHI (nt. 136) on recDNA, (B) BamHI (nt. 139) and EcoRI (nt.
1783) on AYVV-[Java] genome DNA, Clal (at. 314) on DNABO1 and 02,
and BamHI (nt. 136) on recDNA.

Fig. 2-2. Tomato plants inoculated with (a) mock-agroinoculation, (b)
ToLCJAV alone, (¢) AYVV-[Java)] alone, (d) DNABO1 alone, (e)
ToLCJAV + DNABO1, (f) AYVV-[Java] + DNAB01, (g) DNABO2 alone,
(h) TOLCJAV + DNABO2, (i) AYVV-{Java] + DNABO2, (j) recDNA alone,
(k) ToLCJAV + recDNA, (1) AYVV-[Java] + recDNA, and (m) ToOLCJAV
+ AYVV-[Java] + DNABO1 + DNABO2 + recDNA. The plants were
photographed 25 days postinoculation.
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Fig. 2-3. Nicotiana benthamiana plants that were mock-agroinoculated
(a), or agroinoculated with ToLCJAV alone (b), ToLCJAV with
DNAB02mBC1 (c), ToLCJAV with DNABO2 (d), DNABO2 alone (e),
AYVV-{Java] alone (f), AYVV-[Java] with DNAB02mfBC1 (g), or
AYVV-[Java] with DNABO2 (h). Plants were photographed 21 days post-
inoculation (dpi).

Fig. 2-4. Suppression of PTGS by PC1 protein. N. benthamiana line 16¢c
plants expressing GFP and mock-inoculated (a), or inoculated with PVX
alone (b), PVX-GFP (c), PVX-GFP/PVX-BC1 (d), or PVX-GFP/PVX-
mfC1 (e). Plants were photographed under long-wavelength UV lamp
through a yellow filter at 21 dpi.

o’é“&'&\&
s & & &

Fig. 2-5. Analysis of virally infected plants using Northern blot
hybridization. Total plant RNA was extracted from N. benthamiana line
16¢ plants at 21 dpi, separated on a 1.2% agarose gel, and hybridized with
cloned PVX and GFP-gene-specific DIG-labeled probes. The rRNA band
following ethidium bromide staining indicates the relative quantities of
RNA analyzed.

Java virus-3
1

DNABG3

)
c1

gt
c

Fig. 3-1. The genome organizations of Java virus-3, and DNABO3. The
open circles indicate the stem loop-forming region containing the
conserved nonanucleotide TAATATTVAC. Nucleotide numbering starts
from the nick site (}) within the conserved nonanucleotide. The arrows
represent predicted ORFs in both orientations (“C’ for complementary
and ‘V’ for viral sense) and potentially encoded proteins are shown as
black arrows.

BSCTV-Cth

100 TYLCV
l TYLCSV
& ToLCV
—
0.05 ToLCNDV-Svr

Fig. 3-2. Neighbor-joining phylogenetic tree obtained from the complete
nucleotide sequences of Java virus-3, and other begomovirus DNA-A
components. The vertical distances are arbitrary and the horizontal
distances are proportional to the calculated mutation distances. The tree
was rooted on the sequence of Beet severe curly top virus-Cth (BSCTV-
Cth: accession no. U02311), belonging to the distinct genus Curtovirus.
The following sequences were obtained from GenBank and used for
comparisons and phylogenetic analysis: Ageratum enation virus (AEV:
AJ437618), Ageratum yellow vein China virus-[Hainan 2] (AYVCNV-
[Hn2]: AJ495813), Ageratum yellow vein SriLanka virus (AYVSLV:
AF314144), Ageratum yellow vein Taiwan virus-[Taiwan] (AYVTV-
[TW]: AF307861), Ageratum yellow vein virus (AYVV: X74516),
Ageratum yellow vein virus-[Java] (AYVV-[Java]: AB100305), Soybean
crinkle leaf virus (SbCLV: AB050781), Tobacco leaf curl Japan virus
(TbLCIV: AB028604), Tomato leaf curl Bangalore virus (ToLCBV:
748182), Tomato leaf curl Bangladesh virus (TOLCBDV: AF188481),
Tomato leaf curl Java virus (ToOLCJAV: AB100304), Tomato leaf curl
Karnataka virus (ToLCKV: U38239), Tomato leaf curl Laos virus
(ToLCLV: AF195482), Tomato leaf curl New Delhi virus-[Severe]
(ToLCNDV-Svr: U15015, DNA-A), Tomato leaf curl Philippines virus
(ToLCPV: AB050597), Tomato leaf curl Taiwan virus (TOLCTWV:
U88692), Tomato leaf curl virus.(TOLCV: $53251), Tomato yellow leaf
curl China virus (TYLCCNV: AF311734), Tomato yellow leaf curl
Sardinia virus (TYLCSV: X61153), Tomato yellow leaf curl Thailand
virus-[1] (TYLCTHV-[1]: X63015, DNA-A), Tomato yellow leaf curl
virus (TYLCV: X15656).
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Table 3-1. Nucleotide and amino acid sequence identities (%) between
Java virus-3 and other begomoviruses

ToLCV stDNA

Towl IR LR RR VI V2 q a2 a c4
Virus

nt nt nt n a s aa £ a aa

AEV n 68 68 67 82 74 84 62 63 64
AYVCNV-[Hn2] 83 74 72 76 86 76 84 90 92 42
AYVSLV B 69 69 70 82 s &8 63 ] 47
AYVTV{TW] 84 8 68 88 88 90 76 91 93 47
AYVV 88 78 69 90 37 91 93 91 94 38
AYVV-{Java} 89 u D 8 87 90 5 88 94 a1
SbLCV 86 nB n 74 86 M 84 88 88 88
TOLCIV 75 67 74 60 3 68 82 61 62 58
ToLCBDV 78 7 74 68 82 76 80 64 70 51
ToLCBV 75 70 70 70 76 65 78 63 64 50
ToLCIAV n ) 75 % .} ” 89 » % 67
ToLCKV 7 Tt 70 k] 83 76 ™ 63 66 49
ToLCLV 82 7 75 84 87 68 91 75 69 ]
ToLCNDVSvr 74 65 64 60 81 62 % 49 62 2
ToLCPV i 60 61 59 77 53 87 68 69 67
ToLCTWV 78 67 63 7 82 69 81 n 70 9
ToLCV Kl 65 65 65 80 60 85 65 67 72
TYLCCNV m 74 n 77 82 70 ks [ 69 45
TYLCSV 76 65 66 63 K 70 80 60 60 n
TYLCTHV-[1] 76 2 7t 74 78 69 78 71 70 446
TYLCV 75 66 67 65 77 70 81 59 64 78

Nt; nucleotide, aa; amino acid.
IR; intergenic region, LIR; left intergenic region, RIR; right intergenic

region.

Highest values are in bold and underlined.

w a
= L=
—
3 Vi a M a ]
P79 x 10
1282

J---JL

HOEH ) ) SNSRI HERINNT (RS AR R IR
TdCIAV "/ U
—— n___J | ]

Fig. 3-3. A schematic representation of the recombinant regions in Java
virus-3. Potential recombination break points and the probability (P) that
the indicated regions do not have a recombination origin are presented.
The shading pattemns indicate the viral genomic DNA of the recombinant
region. The open circle indicates the stem loop-forming region.
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Fig. 3-4. Neighbor-joining phylogenetic tree obtained for DNAB03, and
other begomovirus DNAB molecules. The tree was rooted on the
sequence of Tomato leaf curl virus satellite DNA (ToLCV-siDNA:
accession no. U74627), a distinct sequence in the DNAB of other
begomoviruses. The vertical distances are arbitrary and the horizontal
distances are proportional to the calculated mutation distances. The
following sequences were obtained from the GenBank or EMBL
databases and used for comparisons and phylogenetic analysis: Ageratum
yellow leaf curl virus DNABO1-Pakistan (AYLCV DNABO1-Pak:
AJ316026), AYVV DNAP (AJ252072), Bhendi yellow vein mosaic virus
DNAB (BYVMV DNAB: AJ308425), Chili leaf curl virus DNABO1-Pak
(ChLCV DNAfO1-Pak: AJ316032), Cotton leaf curl Multan virus DNAS
(CLCuMV DNAB: AJ292769), Cotton leaf curl virus DNABO1-India
(CLCuVB01-Ind: AJ316038), Eupatorium yellow vein virus DNA$
(EpYVV DNAB-m: AJ438938), Hibiscus leaf curl virus DNABOI-
Pakistan (HLCV DNABO01-Pak: AJ297908), Honeysuckle yellow vein
virus DNAB (HY VMV DNAB: AJ316040), Malvastrum yellow vein
virus DNAB (MYVV DNAB-Y47: AJ421482), Okra leaf curl virus
DNABO1-Egypt (OKLCV DNABO1-Egy: AF397217), Okra leaf curl
virus DNABO1-Pakistan (OKLCV DNAB01-Pak: AJ316029), Okra leaf
curl virus DNAB02-Pakistan (OKLCV DNAB02-Pak: AJ316030), Okra
leaf curl virus DNAB03-Pakistan (OkLCV DNAf03-Pak: AJ316031),
Tobacco curly shoot virus-Y35 DNAB (TbCSV DNAB-Y35: AJ421484),
Tobacco leaf curl virus DNABO1-Pakistan (TbLCV DNABO1-Pakistan:
AJ316033), TOLCJAV/AYVV-[Java] DNABO1 and DNABO2
(AB100306 and AB113651), Tomato leaf curl virus DNABO1-Pakistan
(ToLCV DNASO01-Pak: AJ316035), TYLCCNV DNA@-Y8 (AJ421622),
and Zinnia leaf curl virus DNABO1-Pakistan (ZLCV DNABO1-Pak:

AJ316041).
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mXEBEEFREER

RIFTTANVA (BIR—FGDNA VA VR) KEDZEBEREO—DOTHD bv MEERIZ, #HR
FHO b NEBEHIBICBWTREL, BARKELE X TWD, AR T b~ MEERBHRL O
RERITETANRZREST T4 N DNA ZBEBELTERLOS FREEZBITL, b~ MEREROKE
EFHLMT LT

AV RRVTIZBWTERLE b~ MEERK LY 2BEOB S ABIRITE Y A VR (virus-1,
virus-2), 7 71 ~ DNAB (DNABOl, DNAB02) X U\¥T T A MEDNA 208 L7z, £EEEF
I EASNW 2D FRMBEN DO virus—1 ITFRORTE T A )L R (Tomato leaf curl Java virus, TOLCIAV)
TH Y, virus-2 IX Ageratum yellow vein virus (AYVV) D—%# Th 5 Z & 7> b Ageratum yellow vein
virus- [Java] (AYVV- [Javal) & @4 L. 97 J A b 4% DNA IZ# & ZH AT 5 D ToLCIAV,
AYVV- [Javal, DNABO1, DNAPO2 @ 4 FEFEICHE T 5 ## X DNA (rccombinant DNA : recDNA) T
HBZ EPHLPITR T,

ToLCJAV, AYVV- [Java], DNAPO1, DNABO2, recDNA IZOWTFNZNDORYME S 0 — v 28
LLTH~ PCEREREZT, COXIRRBEFTET P2, ZOFKER, ToLCIAV i
X AYVV- [Javal X b= MIZBWTERB TH o 7225, ToLCIAV / DNABO2 % 72 i3 AYVV- [Java]
/ DNABO2 B5f b = MZRVN T3 H ARSI b ARSI IR 13383 b7z, ToLCJAV / DNABOL % 7=
X AYVV- [Java] /DNAPO1 #2575 b= b Tk, BVWEERRABIN, ToLCJAV /recDNA % 721% AYVV-
[Java] /1ecDNA B b~ I Cld, BRETholz. TOLIRX b~ MEBEROFTR Y A NV ADEE
HERBE LN o, F2, DNABO2 D a— N§ 3% pCI BEFIIHREEB ICBES T/ L LE, &6
IZ, RNA YA Loy FITHERBREE L o TWD U A VARG EBETH DR, pCl BEFIXZ o
RNAHA LUV 72MilT 2T LRGN T,

AV KRRV T O bM< MERERBEMMTICABE L, EIRF(LIER %2 RT Ageratum conyzoides 3> 5,
NRIEFETANALYT T4 NDNABZDBELTz. ZDOUANZRETE—F ) 205y, BEFEMESE
Z BT D ToLCIAV & AYVV- [Java] L OFTOMBRIIC X o TAELLZ EBHLNRIR2T, &
DEIZ, BERIETANADBARBRPIHEIMBZIIZEY, FRORITTANVABEL DA
PR Uiz, F7z, Ageratum conyzoides D X 5 IR HE R, b~ MAREFROLRYEREIZRZ>TNDHZ &
TR LTz,

AL, b~ FPERERCRBITARERITETAL N ALY T T4 b DNA OB TREL b~ MEE
FOBREO—IEHALPIC LIz, Zhb0mAL, BE—BRIxy L 20ELRY, BF, HEHR
DHECHEEHRRERERETILOLEDNS, #oT, FEB—FZ, AHEFSEL (B¥)
DEMZRETDIETDIODLRE L.
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