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ABSTRACT : Beet curly top virus (BCTV) mutant has been constructed in vitro that contain G-to-T
transversions at nucleotide 2727 within overlapping open reading frames (ORFs) L1 and L4. The
mutations introduce termination codon in ORF 14 without affecting the amino acid encoded by ORF L1.
When agroinoculated into Arabidopsis thaliana the mutant caused mild stunting and stem curling, but not
the callus induction and hyperplasia on infected tissues of Sei-O ecotype. However, this mutant was not
infectious on Col-O. Levels of single stranded DNA forms were similar in mutant and wild type BCTV
infections. The DNA quantitation data showed that the DNA of BCTV-L4 mutant virus was accumulated
in shoot tips, infection origin and roots with similar levels to those of wild type virus infected. Three
tissues of asymptomatic ecotype Col-O also had as much as virus DNA from wild type virus infections. In
both ecotypes infected with BCTV-Logan and BCTV-L4 mutant, root tissues contained more virus DNA
than any other tissues by the Southern hybridization data. The results suggest that ORF L4 encodes a
functional protein that is a major determinant of pathogenesis that might affect the hyperplastic response

of the host to BCTV infection.
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Single stranded DNA(ssDNA)E genomel 2 Zre=
beet curly top virus(BCTV)+= geminivirus groupdl| <
3} monopartite®] FHAE ZHAH FARLE] Z27)=
ok 3kb °Jvk(1,5). BCTVE 3334l icosahedral =
o] ofuehiiAls 7iAH AAEEA $EA] twin-moon
9] 9% S 2eltd BCTVE 19099 Ballell £J3}e]
& = ¥, 213742 BCTV-Logang »] &3 47l ¥
2|54 DNA 971xde] ZA=9leH12,14,16). BCTV
= 9F 26¢90] 43t geminivirus group EoNA 7154
A7F 71 Wl oF 44709) AgRLd T (FD e o F FHell £
T 300 HFGE) Y A ES A ¢ 9l s
A EellA Bt F719 v EH FE fEsk A E
2] AL ZA "el=drk(,15). §3] BCTVE &+
8AEEol &3 ARLEE, 7R, F3H3, o)
T3 Sl AdD AHE F2 vk 1986 BCTV-
California #2]5¢ DNA 9d7|Ade] A& ¥u¥ =
At 1099147 BCTVell &3 7= 2 DNA 9714
d EA o mE vlola| A~ AR gt 7]5 #4013
o olg|g AFE E3te] BCTV ZH2ke] F3#F 71%
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o] ZAESEH(2,3,8,10,11). AF7HA] Rud AFE
2 E3shd BCTVY 2E Ee)Fe dukde g 77
%] open reading frame(ORFs)E 7}x| 1 i}, BCTV
fAAe] 2 2% 37) ORFs 5 R12 &5 shala {4
A2 A Blole]29] o]Fl Fi3hu], R2+= DNA EA3}
*% single stranded DNAe©ll4 double stranded
DNAZ®] A#-& Hslx, R3t R15} 2] nlele]x
2] o] Fol et AFAFe] Wl x 3¢S vlA =
ZAew ZAEL. dFdd= /19 ORFs7} s+=H,
L1-& nle]a{x EAol|, L29} L3+ oA 74A] 1 7]59]
F3slx]= ¥R 7t transacting factor2 2§38l Ao
2 #ojzlv} zela #2e| BCTV L4 fARF] 7]5¢]
BCTV-California #2504 ® 1=t} Stanley %
(1992)2 Nicotiana benthamianas ©)-43F Aol A]
BCTV L4 E4e] vle]#l+ hyperplasis$t 722 34
FSAE FEA foemiA vlelg s FAlol= FEgS
v X]2] ¢o} L4 F-AAF AHEo] nlolga FAFA f
o] FAZria B skt

BCTVE Arabidopsisoll ZEAI71H  Nicotiana ben-
thamiana\ A FAER] e Aze 71d A"
callus =9} 22 FAko] veh}w] 3t Arabidopsise
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ecotypel we} tiofgt AAFAE FE319(6,7), &
Aol ulolalx A&} 54t BCTV L4 FAAE
site-directed mutagenesis {22 EdHo|AE =
o] nlo]z 28] FA] & o]l th3led wild type BCTV
o} v]HFo2H nlolzlx AL F3t L4 FAA A
9] 715% #A st AL st

TME Y gy

HIOIZIA &3 HiZ R &S, wle]e]~ BCTV-Logan
A A= )= Ohio State University®] Dr. DavisZ3-E
Fof nigfow BCTV-L4 EdWel: M13E o]43
site-directed mutagenesis W 2.2 A|=}3}% ). vloly]
29] 7}93-& agroinoculation ¥ & 043193 o] & 93}
o] BCTV-Logan 42k} BCTV-Logan 14 E<h#e]
ZALZ binary vectord] pMON521¢l dimerZ =43}
t}. o} plasmidE disarmed plasmid¢! pTiB6S3-SE7} &1
Q)= Agrobacterium tumefaciens®] GV3111ell triparental
mating 22 £43t¢c}. o1& 22}t pMLogan¥ pM-L4°]
2} s}9i pMLogan®} pM-L4E kanamycine, spectino-
mycined} chloramphenicole] 3715 LB #A] |4 3647k
A= wjokzl ¥ 45 A X 2= Arabidopsis®] ZHE A&
F 99 FoHg el 23S o] 88t AXE A FH 7
A FHH9).

JI=AIE A A HIY. Aol AME 7IFAER
+ Arabidopsis ecotypes Sei-O%} Col-OF& ©]-8-3}%
o}, 7o) Fx1E 9l& F(Metro Mix 200, Hummert
Seed Co. USA)el| 53 ¥ plastic coverE & 9¥ 3d
Fot 4ColA A2 A)gt F L - FFAol A vl
oFstgich. & - FaAe A XL 144788 HA
2o}l 104171 X2 24" FF713A L2
18~22C2, Al EE 50~80%2 FAI=H=E 243}
Ak wiek oF 25 F9 o] v}e=d|, o] o} plastic
coverE A7t 3~44 vic}h A& SEAAHE AA3
o A3 27 FAHES FAE EFVEE TF
shodct.

BCTV-Loagn L4 E01#0| A& BCTV-Logan #42t
7} dimer® E°] 91+ pLogan®.ZH%E](Fig. 1) AR A
Sst1-2 ©]-83te] BCTV-Logan #0AFE #2& H o&
M13mpl8ll T}A] subcloning 3}$3r}. ©] M13mpLogans-
Bio-Rad Muta-Gene Kit& o]-83te] 2727% $1x]9|
Sall AR GE TZ XFs1dct. o] 4ol M
13mpL4 258 ©}A] Sst1 &g £2]3le] pLoganel
subcloning 3tsith. ©]& pMON502¢ subcloningdhit
o]Z t}A| agrobacteria®l =813} BCTV-L4 &
o] 55 Azttt

DNA £2]|. ulolaiz 3Hd% 3579} 4574 A& A

Conserved
Hairpin

v Intergenic
Region

10.1 kd
L1 R2
40.6 kd 12.1 kd

BCTYV-Logan

3038 bp

Fig. 1. Physical map of the BCTV-Logan genome. Solid
arrows denote locations and polarity of conserved ORFs.

3¢, 79 aela Re] 22L AF e Y st
o] DNA 2ol AH8-3}5ic}. DNA 8| Junghans(4) 5
o} WpH-& o]83l1, DNAS] 2 AxcllA] #3383
osled st AHIL AE ARE QA Ao F5
WEA7] a1, =HRpApRelA B8} phenol® chloro-
form& #|2]3 F ethanold ©]-4-3l DNAE A7)
Z#5 DNAE TE buffer(10 mM Tris-HCI (pH 8.0), 1
mM EDTA)E o]&3) £33 ¥, 37 Cell4 RNaseE 14|
7r A2ste] RNAE A48 4th RNasex tHAl phe-
nol3 chloroform< o]-4-3l |7+ th&- ethanol 222
DNAZ AAAZch AAE 20 pge] DNAS ethidium
bromide”} 371 1% agarose geldll4] 7|35l &
3 £& 3}t

Southern blot hybridization. 7]°3-53} agarose gels
alkaline transfer solution(0.4 N NaOH, 1 M NaCD< A}
£3le] 2P o2 DNAS nylon membrane®.2 o]
3}, Ho]¥ DNAZE UV-crosslinkerd AH8-3l] nylon
membranedll =23 A7} Nylon membraneg- pre-
hybridization solution(6X SSC, 5X Denhart's solution, 50
mM sodium phosphate buffer(pH 6.5), salmon sperm
DNA 100 pg/mde] & %= hybridization bottle
(65C)N A 2A17F &A1 5t} Prehybridization solution
o]l (a-*P) dCTPZ lable ¥ probed ¥t 65CellA 204]
ZF ¥k-8-A]7] & Nylon membraneZ plastic wrap 2=
Ay X-ray filmell 24A17F =27} Southern blot
hybridizationell AF&-8F probet= BCTV 3217} dimer
2 subcloning H] 91+ pCLCE o83l RTS rad-
prime DNA labeling system(Gibco-BRL) 2.2 A|2}3}
At
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Site-directed mutagenesisE 0|28t BCTV-L4 =A
B0 HIOIHA HIZ. BCTV ORF L4ol gk 715218
71%8 B4 98t plogan®2%E site-directed
mutagenesis W& ©] 43ty L4 ORF Wl EdWelE
=3t Th(Fig. 2). AFEA Sst1& o] 83ke] BCTV-

R2 2 14
R3 B
\N' | ) ZZ2] R1 R
*
~OGTCCTTCTCGACGTAGG-

~GCAGGARCAGCTGCATCC-

pro thr ser thr arg thr

*
-CGICCTIGICTACGTAGG-
-GCAGGAACAGATGCATCC-

pro thr ser AMB arg thr

2 . 14-
3 |
L4 f——

- ey ]
Fig. 2. Sequences surrounding the target site for the
mutagenesis of BCTV L4 ORF. L4 mutant was constructed by
G to T (marked by asterlikes) transversion at nucleotide 2727.

Logan -f-3#HE #2]% 5 Bio-Rad Muta-Gene Kit&
ol4sled 2727 $1x9] G& TE A&ste] EARIE
frEalgnt o] Eaddoldl ojste] 2727W HX]9] At
4 A7} SallodlA SneBlog X&= 9 o A2
Z7 codon® f=3l%ch o] =i L1 ORFS Al Ao
& Sdll°] SnaBloZ A #= o E A o] F4| &
< DNA Striderg o]-8-3le] #alstsirt. o] o]
M13mpL4Z#¥ Ssl ©H-& #2|g F A& BCTV-
Logan DNA ¥=2]o| A}-4-& pLogan®| Sst1 &3} %3
a}5ith. o] ORF L4 Eawe] F4xp7} 23hd BCTV
A2 dimer7} = %% pMON502¢) subcloning 3}1
o] pMON-L4Z agrobacteriaol| 3dx3sle] BCTV-
L4 Edol S AAFstgict.

HIOIZA0 ZE ASO| HAIEM. 4FA= AE
Arabidopsis  thaliana®l BCTV-Logang FH<3A71w
Sei-O A$= 27, Col-0F 357 AX Fol ZdSAto]
veh}r] Alzbshsd] vlolaise] 7FAE Al EA Hol
= A¥Aq 719FAk] stem curling, stunting 12|31
anthocyanin® %% 5% 33 & 3)AH(Fig. 3B).
¥l o] BCTV-Logana Arabidopsis ecotypecll we}
7y ZA] A X o] & Hol=H| Sei-OdlA& BCTV-
Loganell ©H3}e] hypersusceptible ecotype22A] ©]A]
7pA] o 7| FA B e TR A] L 55 S
Al 7] AR callus F=7F B&A= %} Col-0
oA A= Nicotiana benthamina-t sugar beet SollA &2
HE 43 E717)F FR= FA4 SRbe] A h

Site-directed mutagenesisE ©]-&3}e] A== BCTV-
L4 Edwo] nlolzlAE Col-Odll4 AAFA el BCTV-

Fig. 3. Symptom development in shoot tips of (A) mock inoculated, (B) BCTV-Logan infected and (C) BCTV-L4 mutant
infected. Shoot tips showing representative symptoms were taken from Arabidopsis Sei-O ecotype 4 weeks after inoculation.
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Table 1. Infectivity and symptom severity in A. thaliana
inoculated with BCTV-Logan and BCTV-Logan L4 mutant.

BCTV-Logan BCTV-Loagn L4 mutant

*Infectivity | "Severity | Infectivity | Severity
Col-O| (28/31) | 90% ++ 0/28) | 0% -
Sei-O | (25/25) [100% | ++++ [(13/22)] 40% +

“Infectivity : Percentage of plants showing symptoms. Number in
parenthesis represents the number of plants showing disease
symptoms / total number of plants inoculated.

bSymptom severity : - no symptom; ++++ severe symptoms

Loganel &J3) ==& oudt 7954 s FA= ] odsh
tH(data not shown). Hypersusceptible ecotype?] Sei-O
A callus®] o} 22 A4S FA= A dgkAt
(Fig. 30), 7] A5-9]l stunting A}e] AstA e}
v S W 5 9l (Fig. 30). BCTV-Loganel] €]
3 A= Col-0%} Sei-09] Ad=w 454 A=
= Aozl slovt 47 90%2} 100%24 w9 ¥ 7t
=5 BoF=d], BCTV-L4 <o) nlolzl2& Col-Ooll
Ale AE S Ve A 3 Sei-0ollA oF 40%2]
e A=g ¥FcH(Table 1). ©124 BCTV-14 E4
Ho] ulo]zi~r} BCTV-Logan® #e] o]zl DNA9]
EA 4 o]Fo] 7F=3t A nlole]agls o 4 qlgich
0|9} Zro] BCTV-L4 E<de] nlelz]27} Arabidopsis
ecotypeollA] Z17] o2 A3E HeJFE= 71 Stanley
(1992) Sl 93 A== BCTV-California®] L4 &4
wo| vlol# A7} N. benthamiana A= Z335A4E B
o] ¥bH sugar beet(Beta vulgaris)oA= 7 9E4-S
FE=3HA] 2 Ao} 22 oFAFE RAFEH10). o]
= ¥ F(8) WA= ulolelx fHALe] AolE
& 4= 9le}= =Holl A Arabidopsis®t BCTV Ale]e] At
LS A= B AT systemo] 71E2] BCTV <
T system, & BCTV2} Nicotiana benthamiana A10]2]
A7 system Rt} o] B2 AHE HA3t gle AR
Belch

o]24 BCTV ORF L47} vlolaix &AL 52k g
g nlole|s duiale] AR E AR 9le-S AL F
%3l 1 7]~ hyperplasia = % callus F-5¢} 24
Al #A#o] gl Ao Woln o] geminivirusel <
%}t tomato leaf curl virus(8)2} BCTV-California(10)°l
A% v]&3 A7) R aE)

Southern blot analysis. Arabidopsisel4] BCTV-
Logan¥ BCTV-L4 &d®e] vlole]xe] ZAAE £4
g2 ZFdsAke] 422 BCTV L4 dalo] A9 7
A5 el At glvke A& - & 5 e
Hlolal A AJ&ALe] o] whA|oA] BCTV L4 whufzo]
2235l =x] 8 2AFS}] $)8}e] Southern hybridization
& FP3tsct. wlole 9] o]Felut DNA HAA o

3 WAI 4 WAI
L4- Logan L4- Logan
RIS RIS

RIS RIS

5

Col-O

RIS RIS

Fig. 4. Southern blot analysis of BCTV-Logan DNA forms in
Arabidopsis Col-O and Sei-O agroinoculated with BCTV-
Logan and BCTV-L4 mutant virus. Equal amounts of total
DNA isolated from three organs (R :roots, I:infection origins
and S:shoot tips) of Col-O and Sei-O infected with BCTV-
Logan and BCTV-Logan 14 mutant on 3 and 4 weeks after
inoculation(WAI) were loaded in each lane (20 pug). DNA was
separated on 1% agarose gel containing ethidium bromide,
blotted onto nylon membrane and probed with *P-labeled,
BCTV genome (pCLC). The position of open circular (OC),
supercoiled (SC), single stranded (SS) and subgenomic (SG)
DNAs are indicated.

BCTV L4 @§Ale] o3l 2}-8-& sh=A] & A1 5tuA}
nlo]z] 2~ 7+ed F 3539} 4550l 7}t Arabidopsis®] A%t
59, ASHS 2elz Be] 224 2k DNAE #2]
3to] BCTV -+3AIE probe® o]43}e wlole{2 DNA
Z #43 A3} BCTV-Logan® BCTV-Logan L4 &<
o] & 7+ 38 Col-02%} Sei-Oll4] 7 A38= < BCTV
772 band e &1 5= UxdH(Fig. 4). BCTV-L4
=9doe] nlo]z vt 72+ E Col-09) Sei-09] RE 23]
oA vlol#l 2~ fAA AE=rhe 22 BCTV ORF
L47} ulole] 2] EA|2} o]Fol] BA3HA] daS &
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asich. BCTV-L4 Sd®e] nlolef2r} 7Hd% Sei-Oell
A vlol#]~ DNAS] oFo] Col-O Hr} v @ 712 £4}
&A% Sei-O7F BCTV-Logan ¢|v} BCTV-L4 &<
W o] ulo]e]2e| ths}led hypersusceptibled-S e ¢
At

w3k BCTV-Logan °lv} BCTV-L4 Zaixo] vlo]z]
27} 7+ ¥ Arabidopsis®] 22H nlo]zix DNAY o
& vws)] B AAHoF Fe] A A B2 vloly
2~ DNA7} 22 9itk(Fig. 4). BCTV-Logan® BCTV-
L4 EA¥elF 25 Arabidopsisol Zd ¥ 339} 45
Foll T Helz2 oA G- 27] AR
ot o 20~300) AE B wlolels DNAS Zdshw
glom] 53] A|Zke] #1dYdte] whebA] E7] A9 ol 4]
ssDNA7} 718k oFAHS 2 4 slsdc). =3 vlole]
& 3 AZbo] 73 F3tel] wpeba] wle]2]2 subgenomic
DNA®9] o] Eojvhs 7Zlo2 ZAbE = oA 7hA]
o] subgenomic DNA®] 715 4 AA 7|2} el dafiA=
Aalo] HEsA] g}, o]9} e AFZAF = vpolel
9] o]Fo] Holsl= Aoz FAME ORF Rl1e] site-
directed mutagenesisE ©]8-3 A=k BCTV-R1 &
o] wlojz{xe] Ag Aol FUZ FYE BT
thH(data not shown). BCTV-R1 E<iHo|F & A] ujo]z]
27} 7+d®l Arabidopsis®] Z7]9 YA vHlo]# A
DNA7} A& x| -2 ubd #follx= BCTV-Loganell
ZrdEl el urhe AR w2 oFe] ulelz{ DNAZE
ZAEH 9k o9} e A AARE T e 23
Eoldgl nloja]x o]Folu} ulela]s BAllo} o] gl
E 7oz Holn olzig A+ A= o 7A| HuH
ul gle] o] Fofell it AlEeAQl zela EAIYEEA
3l 77} B asich

Az o2 BCTV-L4 Edwe] nlolejxe] 7k
Col-0%} Sei-04] 7F54 2 wlelel= DNA £4l 9
spd BCTV-L4 E¢ido] nlola3ias HEFH2HEH &
719] Agle} el weEo 2 nlole]Av) o]Fde A
22 Holw ZF7|Hrhs Re|FeA HAl|7l &3] o] F
ojH ). o143 BCTV-L4 E1o] ule]ej2r} BCTV-
Logan¥} v]i3}te] vlele]x o]F & HA|ol= zte]7} A
o] ¢l kel o] EadMe] wlolg]ze] ZdE Ara-
bidopsisellA MZREE fFEo} 22 FEIF 71 FAke]
#AZAEHA] 9= A& BCTV L4 shfzlo] nlo]g| 2] o]
Folvt DNA EAlel= AdH o= foq3hx] W3 2+
H A EoA nlole]x ZFAFA; ol v 2 FF%E
F3. 9l e g ®elr) BCTV-Logan®] L4 w3
Z1ewAE % Eg AFHAQ] dAFE HAsAE
BCTV L4 A2 A EA Hellx g 7 o] L4 &
WAlo]] o3 frw < UG A EAY N2 ¥AS
vl wata & o] L4 whifAe] 7|3, 23] a2 AlEY

ZAMAAE gelgtozx A&t 7158 4 9 S
Aoz yelr}

2 o

BCTV-L4 Edue] ule]gl~E ORF L1} L47} &
A= ole 2727 $1A19) GE TZ A3t WS o]
43te] A=tslgit. o] Edwo] nlela] 2~ L1 ORFE
opu| Al A Goll= d3kE vIX|A] ¥ L4 A F
4 codong A Ro] vt=x v o 2 AztE ), o] &
oAwo] ulo|elAE Arabidopsis thaliana®) ZFAARE
o) Sei-O ecotypeoll4] £3t5 ZFA5AS 531529
callust} hyperplasia 59} 22 ZARS = 2] sk
o}, 22y} Col-00ll M= A e FAade] AAHA] 9sk
t}. vpo]z| & 97k DNAS] 4 A&+ wild type BF
olg]~e} vl vlo]g] DNA AeFEAlo] 23}
A BCTV-L4 =addle] wlojelae £7] A<, AE5-9)
a5 ] B Aajulele] o] 759} nl53t oF
°2 njolgj~ DNAYE S =t ZFd3Ae et
] @& Col-09] H$= nlolzl~ DNAE Sei-02] 4%
9} o] Al A A 25T FHFo]| HArh F ecotypeel
A 25 geixzle] 7k B2 vlolglx DNAE ¥3s)
3 9l%ich. o2k A3 ORF L47} BCTV-Logan®] 7|
52 Zhe oA 2.4 ORF L4+ hyperplasia$t 22 v}
olgia ZHEASTA} friol Fodhe F8T A S B
SER=S

ZALe| e

(FAM 3. 971-0501-001-2) A Aol o5 AR =3
on, B A7E ¢ BCTV-Logan A A 3}A
B-ofsle] FA = 235}bo] 2 FHH SR Davis 2

WA A=

1]
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