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Characterizations of Disease Symptoms and Virus Replication
Shown in the Interactions Between Arabidopsis
Ecotypes and 3 BCTYV Isolates
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ABSTRACT : Molecular analysis has been done for characterization of the interactions between three
beet curly top virus (BCTV) strains and two Arabidopsis ecotypes in terms of virus inducible disease
symptoms and infectivities. The total DNA was isolated from three tissues (shoot tips, infection origins
and roots) of virus infected plants and this DNA was analyzed by quantitatively and qualitatively to
elucidate virus movement and symptom development. BCTV-Worland infected Col-O and Sei-O showed
lower infectivity and milder disease symptom development than BCTV-Logan and BCTV-CFH did. The
only symptom shown in hypersusceptible ecotype Sei-O by BCTV-Worland was shoot tip stunting.
Kinetics of virus DNA accumulation of three different viruses indicated that roots contained more virus
DNA than shoot tips or infection origins, and that disease symptom severity was strongly correlated with
virns DNA accumulation. These results suggest that the mild and Worland-specific symptoms shown in
Sei-O by BCTV-Worland are caused by the interactions of host factors provided by hypersusceptible

ecotype and viral factors of mild strain.

Key words : Arabidopsis, BCTV, DNA hybridization, Worland.
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A= viS- BAEHY). 027t o] F-= 54 ET nlo]
2|2 alo] 8] AbEabgof P RS e v)RlgE
AlAde]c}. Beet curly top virus(BCTV)+= single stranded
DNA(ssDNA)E 422 Z+3 9)3 geminivirus group
ol £317(1,9) |A 47 #=]5(BCTV-California, Logan,
CFH 22|32 Worland)®] 37} 4714 de] B1=3]
tH(15,16,18). oI5 £2IF5 Aol G7|49& £4F
Z3e ¢J3pd BCTV-Logan®} BCTV-Californias <F
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BCTV-Logane 2F 79%2] homologys RHFI it}
o]} zZho] v|&3t FAAFEE I HA F Rl &
2]5=7F DNA homology”} 80%~96%2 t}ste] BCTV
2 B A2 246 ofedg-o] ©rh(19). ¥ BCTV}
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ui-$- vl A F2E 7FAZ 3lE horseradish
curly top virus(HrCTV)®} 73-$<= BCTV 47l F&jF9}
o 55%2] sequence homologyE R.o3F1 I}(3).
BCTV+ geminivirus®] subgroup Il 438l #243&
vlola{ 224 oF 447) AR TR 30099%2] =8 2El
25704 leathopperell ©J3] As}€ck(1,17). BCTV
9] RE FEFe FEHOE 9% L1, L2, L3 28lx
L42} zFo} 4709 open reading frame(ORF)3} 2.2&
] R1, R2%} R39] ORF 7}4 % 7742 ORF& 71
e} # el E2¥ BCTV-CFHY] A-$+= okg] 21 71%
< &l 7] gdgkert A A7 g-S BAE vl 9
3 = 3}h}e] ORF R4S 742 gl ZoZ nalt)
(Fig. 1). BCTV #&l5F Alele] 77 ORFs 712 471
Al A6l o3t Ednlo] nleld|AE AAtsle] FALH
£ul(2,7,11,13,14), R1 -4 A= vlo]eix ojujchulz]
<+ 33k5kT 9lon nleleix o] Fo) Pasich R2 §4
A= vlolelx BR#AE<l vlolel~  single-stranded
DNA(ssDNA)®} double-stranded DNA(dsDNA)2] ok&-
ZA313, R3 §-44= R1 ORF3} 2] ulojzix o) &
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3038 bp 121 kd

2927 bp 15.0 kd

2930 bp 15.0 kd

Fig. 1. Physical maps of the (A) BCTV-Logan, (B) BCTV-
CFH and (C) BCTV-Worland genomes. Solid arrows denote
locations and polarity of conserved ORFs.
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E A2 & o] FobRgol 2L ol L3l A4
A AHTH).

JIAI2 2 AIE HIQ. Ade 21838 7|FAlE
Arabidopsis ecotype Col-O2} Sei-OolH EA}LE Qlx
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DNA blot hybridization. 1719353} agarose gels
alkaline transfer solution(0.4 N NaOH, 1 M NaCl)S A}
£3l] 2A|#H 22 DNAE nylon membrane 22 o]
313, Zo]¥l DNAE UV-crosslinkerZ A3} nylon
membranedl] 372 % AlZ . Nylon membrane-S pre-
hybridization solution(6X SSC, 5X Denhart's solution, 50
mM sodium phosphate buffer (pH 6.5), salmon sperm
DNA 100 pg/ml)el £134+= hybridization bottle(65C)
oflA 2417t WFR&A]Z T}, Prehybridization solutionell
(0-*P) dCTPZ lable ¥ probeZE ¥ 65Tll4l 204]
7} ¥k-8-A171 & nylon membrane$- plastic wrap.22 244
X-ray filmel| 244|7F :=Z A7t} Southern blot hybridi-
zation®l] ARS8} probet= BCTV -4 4}7} subcloning =]
3= pCLCE °o]$3ld RTS radprime DNA labeling
system(Gibco-BRL). .2 A|ztalgir}, ulelz]~ DNA 2
AR EE A7) Y38l slot blot hybridizations ~3)3}
st} ulolal o 7 7Sl B2 HE] a3k DNA 10
uge- slot blotterg ©]£3ld nylon membranedl] §-2+3}
%3 hybridization 42 Southern hybridizations} £
T e R sasidch wlelgla DNA®] k& Phos-
pholmager Scan<- ©]8-3}e] Ak sl9ir}.

g 3 g

HIOIHAO 2= AIE0| HAIEM. BCTVY ZAad
Arabidopsis® A&-*|, sugar beet, 28|31 Nicotiana ben-
thamiana| A HEE R 32 553 ZAFAE RAE
t}. £3] Arabidopsis= HAAH 22 o}ekdt ecotype]
B = 247k ecotypedl W} vlol#s 1 x
ZAa5Ael thEA vhehdrl. Arabidopsis®] 714l
ecotype] Col-O¢ll4] BCTV-Logan °lv} CFH #&]5]|
2J3) ub 2 2 leaf curling, inflorescence stem curling,
Z719] stunting 221 Z}9¥-$)°l| anthocyanin 4442
3 59 7dsate] TR KFig. 24, 2B). ¥b4, Ara-
bidopsis ecotype Sei-O°llA+= ecotype Col-Ooll4] -
g S oleol wlg- BolA ]l FdFAte] daE =
ol Z719} AdR-$)oA WA hyperplasiacl] ¥ Z7]
2 #E1 #dake] fAe] Hz o] Yoy} callus?] =
7} velhdTi(6, 10). ©1= Agrobacterium tumefaciens ©)
Y 2% tumor inducing virusell &J3j45t #EAEH = Eo]
el 4R BCTVE A& o= 7|5 A EdAE 2w
H vt gick. A28 BCTV #2540 BCTV-Worland®] 7+
ASAHE A1 vlell 93 BCTV-Logan v BCTV-
CFHeR= ohe e Boialok(Fig. 2C, 2D). s
o] BCTV-Logan °|-} BCTV-CFH ®.x} 2t3}s]o] BCTV
2] &4l curling $AR AR ity & BCTV-
Worlandell 7+ Arabidopsis ecotype Col-Odll4= 7443

Fig. 2. Symptom development in shoot tips of (A) mock
inoculated in Sei-O, (B) BCTV-Logan infected in Sei-O, (C)
BCTV-Worland infected in Sei-O and (D) BCTV-Worland
infected in Col-O. 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 wild type BCTV-Logan, BCTV-CFH and BCTV-Worland

BCTV-Logan BCTV-CFH BCTV-Worland
Infectivity Severity Infectivity Severity Infectivity Severity
Col-O (39/42) 92% ++ (18/18)  100% ++++ (0/35) 0% *
Sei-O (25/25)  100% +++ (21/21) 100% ++++ (22/34) 65% ++

*Infectivity : Percentage of plants showing symptoms. Number in parenthesis represents the number of plants showing disease symp-

toms / total number of plants inoculated.
*Symptom severity : - no symptom; ++++ severe symptoms

Sei-0oll4] 247+ 92%9F 100%2 v¥]l5dt AAEE RAF
gov} 7rdzare] Axe| gleiAE Table 1014 2=
¢ E3lo] S Re]F) el BCTV-CFHE Col-0%} Sei-
0ol 27t 100%2] ZAE= 2 vl AP =E B
F9it}. BCTV-CFHell 714 Arabidopsis< 74 ¥ F
2F Fo| ZrdFAte] el o 37 Foll= AL BE
Arabidopsis”} inflorescent stem< 3A3HA] X3l F
£t} BCTV-Worland¥] A$= #A49E 2 7454
glei4] BCTV-Logan ¢I*} BCTV-CFH X} -&3}% &
52 Bz A9 xE Col-02 Sei-OdlA 22 0%
9} 65%2 ZAFE U2 7H9ZF4 4] BCTV-Logan o]+
BCTV-CFH Xt} A o2 oA ZAL= A

o|Abel AxE g v 309 BCTV £&]|Fl 7
% Arabidopsis ecotypedll4] Role #HAFA4 L 1
ZAA 59 Aol A& ulo]e] 29 Az RG] vl
AWEA o] F A 2 Q&S T2 ol & A7t
A6 AHgs A fAAeR FEHY MEE
ecotype2-2 A13}3F Col-02} Sei-O+= 80%°14 96%71HA]
sequence homology S ®.5= 37§ BCTV ¥&]FE At
o9 ztr| thZ AbzAbg-e] AHE I FA) Wato] ofY
2 FARAME o2 AHE HoE AoZ Azidch
o] Azl 22 BCTV 3 £e|FE A7l B2 79E
3 7ew Helt} =, sequence homologyZ} o}
BCTV E2FE Alolo] £ ¥ FAHY o8 A&
tloFst 7+ 24k B3 Arabidopsis ecotype £
71FAER o483tz BEld 4 3l Zolth A7
742 BCTVell #3F |75 oA ZARRE vle} 3o
BCTV #2]5% Alo]8] & DNA sequence homology
2 &3 AdEAeAE 22y o2 §FAdTelAE
E3) o] A& sEjstedof & Zlojrh

Ecotype S AIZ7|210l [E HIOIZ{A DNAQS| =&
e 24, FgZa 4 x| Aol vehts
S B $FA] BAslaA) vlelezd] ZEE HE
ol 27] AR, AEHe a=jx Ry A A 2
DNAZE 383l Southern blot hybridizationS 433}
Atk A8 RE ZA A BCTVE A3= 4l vlola|x F
A=Ak} band <FAFe] double stranded DNA(dsDNA)<}
single stranded DNA(ssDNA)-& &1 & i3z, 370

9] BCTV #2]Fdl wzb Col-09} Sei-02] wpolzi
DNA %4 Hx& 77| th2A e} wok(Fig. 3). Fig.
32] Southern hybridization Z3}ol| 2]} subgenomic
DNA7} #% =l&d] dubx o Z o] E subgenomic DNA
o] A ukEA o g FaAFEE AL oy o]F sub-
genomic DNAS] 75l 3t Hagt Bae ofF gle
AlAo]t}. o] subgenomic DNAE ®lol2]~ DNA &A=}
AFol| QA== o2 Halr) Subgenomic DNAS] &
Aol ol At glo] BCTV 5o]4 <l dsDNA} ssDNA2]
Aot o g BCTV 3 £2|F 25 ulo|g|2rt AE-5-9)
23 Z7] Adkg) 2 pel2o] HalelgS Hd 5
Ut

Arabidopsis ecotypes} 7t ZA|HZ ujolzi~ DNA &
AR EE B35} vlo|2ix DNA EAo] @& DNA
SAACE A EQ] 7|2 ZARRE vl &J3pH Unbd

Col-O
CFH logan Worland

Sei-O

CFH Logan Worland

RI SRI SRI S RISRISRTIS

Fig. 3. Southern blot analysis of BCTV DNA forms in
Arabidopsis Col-O and Sei-O agroinoculated with BCTV-
Logan, BCTV-CFH and BCTV-Worland strain. 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, BCTV-CFH and BCTV-Worland on 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.
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L2 ReldA v wd nieleis DNAZL ko] ==d]
o]:= BCTV-Arahidopsis systemollA velht= dukAql
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5 Col-OellA= #e]ollA] nlo]zlx DNAE 1% < 3l
Aot 7] Adi-9]olA = vli$- & n|gt DNA band =]
) o] BCTV-Worland 73 3 Col-OdllA 7+
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CFH#} BCTV-Loganell ¥]sl4 BCTV-Worland®] DNA
ol Aoz s AA A= AUCKFig. 4). BCTV-
Logan¥} BCTV-Worland+ Arabidopsis ecotype 2514
477HA] Al&s)4] vlolel2 DNAZY E43= AL & &
asick W Col-0%} Sei-Oll4] BCTV-CFHE #4d ¥
2575-7¢ nlolzi2 DNAZL EA=7] Aabste] 3771 =
H gl =3t L o] Fel FAstr] AlAbsigdct. o]
+ BCTV-CFHell 7Fd5l A &2 4% 35755 34
3] APk dAM dA|EksAvl =gk BCTV 3 #=F
EF Col-0 Rr}= Sei-0¢llA] vlo]a]x DNAZ} ®ol &
A= ZFAFAE ofefsiA e AR Rl Sei-
07} Col-O Xrh= BCTVE A 7|54 28 AT A
L2 "oz

olte] AFE F33ld BCTV 3 2|5l 7ad
Arabidopsisol|#] ule]&] 2 o]F3} vlolz{A DNA £33
=7 A E & Al B ok’ AAEAE et
Wi 2 Ad5e] At AR Aeg eyt & &
7] Aie] o Re|2 wlolg]x o]Fo] A o]Foix|w
Addeg wlolglx DNASke] @2 BCTV-Loagn®
BCTV-CFHel 7€ A Eelde A3A 2hd5Aal
leaf curling, inflorescence stem curling, €719 stunt-
ing 18]35 anthocyanin Y4 &4 5% AT 5= 9=
utd, iAo 2 wnjoleiz: DNAS <fe] A& BCTV-
Worlandell 49 A ookttt Ad5A-& 23
T N HA] E7] A stunting SR FRE
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Fig. 4. Relative amounts of viral DNA accumulation in Sei-
O and Col-O of Arabidopsis thaliana infected with BCTV-
Logan, -CFH and -Worland strains. Total DNA was isolated
from 5 to 8 pooled plants on every weeks after inoculation
for 4 weeks and subjected to DNA blot analysis using BCTV
pCLC probe. Total hybridizing counts were obtained from
Phosphorlmager scans of the slot blots.
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