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Cytohistological Study of Abnormal Cell Division of
Arabidopsis Stem Infected with Geminivirus
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The internal structures of Arabidopsis thaliana infected with beet curly top virus (BCTV) were studied by light
microscopy. Hyperplasia was observed in the inflorescence stems of Arabidopsis thaliana ecotype Sei-O at 2 weeks after
BCTV-Logan inoculation and callus was induced on symptomatic tissues at 4 weeks after virus inoculation. The infection
processes were revealed as follows: hyperplasia of phloem tissue, necrosis of hyperplastic phloems, lacuna formation of
necrotic tissues, elongation and enlargement of cortex and epidermal cells surrounding the lacuna formed phloem tissues,
induction of cell division in the enlarged cortex and epidermal cells, and induction of callus tissue. Callus formation on
Arabidopsis was caused by the virus infection, and virus inclusion body was observed in both phloem and callus tissue by

azure-A staining,
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Arabidopsis thaliana:= ) A3} 2 EAE2A AAHL
Faak0 e AZolola] AN ATuleleirgel Az
AA o] gt B1xx o 9] o F3=F(Balaze and Lebeurier,
1981: Davis, 1992: Dangl et al, 1992)-& A| &8l = @A o
ot} Arabidopsis7t A& AR ESS dFstd QoA
we Ao glri= X F(Meyerowitz and Pruitt, 1985:
Meyerowitz, 1989: Feldmann, 1991: Davis, 1992)7} 912
of AES A F Q= WA vtelgage] dgt o
FA7E o] Ha ®3 g vh(Leisner and Howell, 1992:
Simon et al, 1992: Dangle, 1993: Dempsey et al, 1993: Lee
et al, 1994). 53] Z ol A Evto A} 374 EQ AF
Al E3he] Batgt A3 A E AT817] $18ked Arabidopsiss}
beet curly top virus (BCTV)E o8-8} model systemeo] )%t
H9ich(Lee et al, 19%). BCTVE: A& w14 njolgjrz
A single stranded DNAZE genome®.® 2z}: geminivirus
group®] U] o2 of My 7}, 30095 A= HY

Al 4= gj}(Stanley et al, 1992; Hormuzdi and Bisaro,
1993: Stenger et al, 1994). o] A& system-2 Arabidopsis®}
BCTVA 27 45483 #94ueeazs e
genome-d 7RI ¢) 2w, 3t F systemol] ©]gt 7| AT
7} wol Hol lolM wiolEa BAAZ, ARA 7% 3
ZdEde] = 84 5 dlelead SFAEe Azt
£¢ 978 4 Ut F& A9 asem ATHT AT
(Stenger et al, 1992; Davis, 1992: Lee et al, 1994).

Al gutolgladl SFAERS AuAE-S o]dE}r] st
AE dpele|ze] FEE £F4ES AN HA 2T o
T B9 opde APAFE X WF FE wsE [
7 318 A FSA QFE D28 Esau, 1967
Schneider, 1973). ®le]2|ze] ZFdR SFA Zollrle] 24
A3eHel @7 BA 93 2 auly top virusol 9 H
Aber 8- (Beta vulgaris) 93 ¥, wul(Nicotiana
tabacum) %7, A&2|(Spinacia oleracea) & S H.1F
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O M (Hoefert and Esau, 19%67: Esau, 1976, 1977: Esau and
Hoefert, 1973, 1978), Arabidopsisol A9 A7+ of3 X1
o} 9l

Arabidopsis®} BCTV systeme AR-3 | FH 3o 2]shd,
spelelash £5453e ATAAT AFA) st
Al B8 o] Al2%o]& Nicotiana benthamiana® v} tf
opefat 2t 34}, & £719 Aels A elut anthocyanin
Fx 23 22 53} FA4TSe] BCTVeY #dd
Arabidopsisell A1 Y}elbsteH(Lee et al, 1994). z22v} Haj71A
Agutolgize] g SFAEA Y wANHA AZE
9o B LI} BA 23, 53 BAHAF AL uhole]
27 EFAE 2A] o ojufdt WE doAA A
2 9AT RS wAAR AEFGel dolbAld] o
24 datde dFE Ad B3 9 bt gl

o B AF= o] F Arabidopsis-BCTV systemA}e]
£ % oA ol 4Bl
A5 RAE systemo| AE ol HA| e SEY 24
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Z£ZAE 2 A}2-3) Arabidopsis thaliana £ #}ecotype Col-
0, Sei-0)x= w]= Ohio State University?] Arabidopsis
Biological Resource Center (ABRC)oj| A Hopiteron], A&
AL Lee 5(1994) 9] whilel] w2} growth chambere] Al 4
A 7 et Growth chamberv]®] #H74 271-2 164 7ke] Az
o} BAIZHY] AAEE 2AF FFV|SIA TEE 2£1T
2, 5% 0-80%Z Ao

Beet curly top virus {(BCTV) B 2! M=

BCTV-Logan -§-A A7} =4 Agrobacterium7d-- Dr.
D. Stenger (Northern Illinois University) 2 F-E F-oFagtke
], Lee £(19%)2] vp¥o] ulel kanamycine, spectinomycin,
chloramphenicole] #7}% LBuiA|o|A] 24A) 7} wl|oFsted A
FTFE AHEeld dET A¥S #lstds BCTV-
Logan A7} TdEr] 92 disarmed AgrobacteriumS
ARg-sledel. A2 Arabidopsis thaliana & EQ) F9}
F-8loll Agrobacterium wiok)-& 2-3 wh-g Wej|m FF
EE AE AL BeM 7494)7]1E agroinoculation¥y ]
(Tee et al, 19M¥)o2 BCTVE AZE3sl 3 Arabidopsisol| A

Jehbe o8 A 29 FASE 565 Sk B

BCTV $AA7}F £9% Agrobacterium=} BCTV fA =7}
E45 A &2 Agrobacteriun® Arabidopsis thalianaol| Z+7:
HE3 F 159 242z g9 4880 €7 ¢ #ex

Abe 2

ethanol?} LR white® X| 38} v}-&, 4 LR white medium
o7 AeoA 2447 #lE A7 F 65°C ovenell A 244]3}
o FAA AU e BHLE fEHE A
#led ultramicrotome® 2 ¢F 5 gm FAEZ Awkst F, 001%
toluidine blue2 G4 3led B3tav|A o8 HAs|gich

BCTV inclusion body 2344

BCTV-Logan $##7} =81% Agrobacteriumst BCTV
H2 27 =Y FHA @2 AgrobacteriumE Arabidopsis
thaliana | 77} %R F 159 DASE AFAYA)
%7 ¢ HelzAg FA4EE Hdste] 70% ethanole] oF
235 oS A%2E AN G547 A
H 24% 01% amre-A GAN 02 147+ M (Rushing et
al, 1987)A171 F, kg wxAS x&3}ed vibratome
(Technical Products International, Inc.) 22 ¢ 50 pm F7
2 el Patung oz dashlch

Zn 3 1d
BCTVY| 2=l Arabidopsis thalianal| HiZ&!

Arabidopsis thaliana®) ¥ ecotype, Sei-0%} Col-O+
BCTV-Logane| d]3}e] z+7} hypersusceptibles} susceptible
45 el HEAQ ecotypel.2 BE o] (Lee et al,
1994) 2 o Fo) AH83}9ith BCTV-Logandl] #E%  Sei-0
£ of 25 Fol BYFAE dehIUT Co-O% oF 345
Fo BIEAL e AT 59, Si0F 55
& YA WHE degled, 4% o 25 o
F77 B3k $Ee] 22 24 BAT o 4% F ok
2709 ARRsl] S0z DA Aeias FE 5o
3 F27} A9 (Figure 1B). wide] Col-0& HF
o 3% FHE 2707 234 HEel gaent 1 AT}
Sei-O¥c} oFs}4] 3, A|zbe] Azt Aie} 2L F
=2 PAsx dteh(Figure 1D). o ZIE Sei-07}
BCTV- Logandl ] 8le] Col-ORc} 7+ FAte] vtz



Figure 1. Symptoms observed in the BCTV-infected A. thabiana.
Callus was induced on inflorescence stems of Sei-O after 4 weeks
BCTV inoculation. Bar=1 ecm. A. Mock inoculated inflorescence
stem of Sei-O: B. Swollen inflorescence stem (SS) and callus (CA)
formation on inflorescence stem of BCTV-infected Sei-O: C. Mock
inoculated inflorescence stem of Col-O: D. Swollen inflorescence stem
of BCTV-infected Col-O.

nlol g A9 o5 Y DNA H| Zwle] gloA] w4 =z}
A wb-eslodvks o 78 3 (Lee and Park, 19%)%} o
Ashelek WA F woiypes] A BOTV 29 ho
2 B oFAra} wholH A 7k FAbe] Hbdo] ecotypeo] wh
o % WD 9Bl 99 % 4 95 2o BOTV-
Logan A A7} 28157 42 disarmed Agrobacterium@t-g
AE8 Sei-09F Col-02] RE A EA ML ofFd 45
AHE Yehgz] askem HAAEH A fAkeE HdHE
A Aol eh(Figure 14, 1C). ol&jst A& BCTV 74 2
3} Arabidopsisl A #AHE ZAGFAE(EN] 2L A
2 YA F)o] dlolgja Zhgell o] - Agrobacteria] 2|3
HpAel g3 wifo] Aol FApe] efuzh wpolea
d Al 93 FAYE e sk =3 oF 659
Arabidopsis thaliana ecotypes BCTV-Logan®.2 #H&EsF 4o
FAIHLee et al, 194) o] 2]5}H, 46F ecotype B FollA 7
9 g4e e Rel ehle Sa0F W 3 Fo
ecotypedll ARt A Aol vhehyty] W] Aexe ¥
Aol &FAEQ] genotypeo] uwel GhEA JephdE o
8)th. BCTV-Logandl] 7}3%t Arabidopsis ecotype Sei-Oof]A]
#2435 Ags FERE AE P94 dleEad A4
] ( Nicotiana benthamiana)Z v]E3F ojWst o& =5 4
EA A i, 23l vl ¢l 553 F2eo|th BCTVe
7+9¥ N. benthamiana Z7|M vebd AdF4E 44
2717} o7k FEAHAA Setoz Aol =i o o] 4o
WD FAE A ¢kokeh(Data not shown).

BCTVO|| Z+o1=l Arabidopsis thaliana WWSTx %
BCTV localization

BCTV 7% Arabidopsis Z7]el|A FE=5: Aga
ARG 5 L zAE] S8t o F xA9 W
F22 As DAGAHEE FEs9s BCTV-Logan
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Figure 2. Cross sections of mock inoculated and symptomatic
inflorescence stems of BCTV-infected A. thaliana. A. Mock
inoculated inflorescence stem of Sei-O (bar=25 im): B. Hyperplasia
and necrosing of phloem tissue of BCTV-infected Sei-O (bar=25
m): C. Lacunae formation at the site of necrosed phloem of
BCTV-infected Sei-O (bar=50 ym): D. Callus formation of BCTV-
infected Sei-O {(bar=50 im): E. Mock inoculated inflorescence stem
of Col-O (bar=25 um): F. Hyperplasia of phloem tissue of BCTV-
infected Col-O (bar=25 um). E, epidermis: C, cortex: P, phloem:
X, xylem: Pi, pith

Az27F £95 A & Agrobacteriim?r-E &3 Arabi-
dopsis®] £7] -T2 FANES A9 fAksled &3],
& 4, F3E 59 T2 FElo] FEHE AYAHA =
B A4ay A8 WEF2E Yeh o oH(Figure 24, 2E).
2@} Agroinoculation ¥ 2 BCTV-Logandl| 7% %
Arabidopsis ecotype Sei-02] £7] WE-FZoAH = Eojt ¥
3 ool A=k BCTV-Logan HE 25 F £717}
FEo] 92 Sei-09 FAFH A& FAGAGE] £ 2
7}, ojgjst FAH> BCTVe| 7dsl AE9 ARf-zA o] o
AuldEe] Azl doird F, 2 F99] 937 3|23
o] 41%, g sle] Jehtbes 22 3o (Figure 2B).
AFulelg A 7+ F Fabo] vehd SFAE AHFERA 2
H| Al Wsle]l de| M ofe] HEstAEe] oA B
259 cHEsau and Hoefert, 1973, 1978: Schneider, 1973:
Esau, 1977) £3) Esau (1967)% curly top virusel] 7+ % A}
egy9 dglo) WRTZ WIS AT A, AFEAY
o] Abuld|, olAbuld} A& A}, AL 22 FLAM RS o]
Al M2 WETFEY W) A Bt
9eh. a8y BCTV-Logan A% 45 F Aelart A€
Sei-O £7]¢] FAHAE AdAGd Aie oe7tA Bl
HA e Bolg WiFE W S BT S
BCTV A% 25 Fol #atg Hapgiste] Yehd A §9
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7k A3 s3] 5e] A& lacunaed A 3% 3(Figure 2C),
o] Fule] mEMEEo] uHAH] NEEAE st A
g2 2249 FE7F dojur ALz A HFigure
2D). Bbd BCTV-Loganol] 7}l Arabidopsis ecotype Col-
0 Z7)oME Q¥ AFzA Y oliud HAFHH Y
ArpgiAo} Aeazae fEE dejubr] o H2E
A& YcHFigure 2F). A& nlolegjze] 2" SF4F
o] Y EFzo T3 AFE FE curly top virus (Esay,
1967, 1976, 1977: Esau and Hoefert, 1973)2} aster yellow
virus (Schneider, 1973)e]] 7}ed5l AbelE-2(Beta vulgaris)ut
AFH SelA dFEHe o]F Aol wEd curly top
Vst 24 Bol4l vpeldazal A 2R Ao
EAsel, ApzAe) Fpae ol suldel Bl o
M= B usted © v (Esau, 1967, 1977 Esau and Hoefert,
1973, 1978), 2 AFoA] #Ast A3} 22 lacunae 34 o]
A fEdl AANE obb LTd o gk 9
o} @A BOTVE Aski-$at A|2l2) AM-frea)s)
MAZS g AFEAAND Bl AdslEe

H4 =9 cH(Esau, 1976: Esau and Hoefert, 1978). refu}
BCTV-Loganol| 7+3% Arabidopsis Sei-OoA =% 7Ag
2 ZAL Southemn blot A3t A3}, A ZA MR
RAEN)G Bol B AR 2AE A3 RE 2F
o] viral DNA7} 325 od3Azr7 B1E o Lee and
Park, 1996). o]2]3t ¥ I curly top virus: o {22 &3
A g A ApRzAd R FA o] EAdte AF7A
47 7} (Esau, 1976: Esau and Hoefert, 1978)¢} 4| 3}A]
Lo Aztolot BCTVE 45 AXuolA FHelstr] $F
}Jyi o2 BCTV DNAZ RAlsl:= v (Lee and Park,
1965 gleov} B 7oAl amre-A %34 (Rushing et
al, 1987)& o] &3] A W A E whelel o] EHE F
gy ez Fasiedoh Azure-Ax ¥po]2|A9] inclusion
body® A9z QAse QAN FetauFoe
o] $-o]8}n], inclusion bodye} EA: F virus7h EAE
S omsttty R T g o Christie et al, 1986: Rushing et
al, 1987). BCTV A2 2% 39| Se-09 A% 3% #9
Col-0% F2 AF-zAz g3 FFAHE upelHA
inclusion body7} ZAsh Qlglovd, 27ke) AEdelAE
el A] B2 gl oh(Figure 3A, 3B, 3C). £& BCTV %
43 & AHYAS A3 Sei-00) A= inclusion body7} AHH-
27 ¥ol2 FAHoZ 32A e APz FET
A cHFigure 3D). o] ZAzt= BCTVe] 74 =l Sei-0 oA &
A% AeazeA BCTVY A4 Aoz 3l
viral DNA 247K Lee and Park, 1996)¢} 2|3} 2%
Al ztgo|r). of2|gt viral DNA FA 472} azure-A G4
A5 BCTV7} ARE-2A ol 9lof & 24 F AYLE
AME ERgE BelFa glow, BCTV/ AbF-E4 L
2R 92 2202 oFsldSS AAlete] Fa 9o
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Figure 3. Light micrographs of BCTV-infected A. thaliana stem
stained with azure-A. Darkly staining nuclear inclusions (arrows)
occur in the phloem and cortical cells of BCTV-infected stem. A.
Inflorescence stem of BCTV-infected Sei-O (bar=30 wm): B.
Inflorescence stem of BCTV-infected Col-O (bar=50 um): C.
Higher magnification of BCTV-infected Sei-O stem. Virus particles
(arrow) occupies the nucleus of one cell (bar=25 um): D. Callus
induced after BCTV infection showing dark blue stained inclusion
bodies near the necrotic phloem and cortical cells (bar=5) um).
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=g ol A7 ZHE| ospd BCTVe] 7™
Arabidopsis Sei-Q Z7)ol|A2) My A F57} vlolgjAe] 7}
gz kA ez A7} e Hes Hexig BCTV
7 F upolgag] ol F FH, APERA AN Bzl
o] %2 oA AR o FFABMET BIFN} glow, ¢
o2 AHakg) o] FHRE ARG FEHY ATt
glojof & Hlolrt

BCTVol| 7+93 % Arabidopsis ecotype Sei-Oelj A vield
AYAZAL FE= SFAEAZY v|HAAH) HEL
Aol o)gt Zeldl, olefdt HELEGL AR APREA F
9 N EES HERY el 7]elslE Aotk ol
gt 7]z opA A A FsiA WA A gAE A
7o AFARS Fiste] B o Frix] AHEA AE
o] 7beslch. AwA 7Fd-e BCTV7E A &5 AEAE
o] MERAS FEstd AYAE FAgE HAoEA,



geminivirus®] U£¢] tomato golden mosaic virus (TGMV) 2]
Ll §877 3480 L9) AZ¥EES FERHE 47
2.3 (Nagar et al, 1995)7} o] 7FAdE M A L2 2| A] 3}
F31 9lth. BCTVE DNA ulo|#A2H 32 B4 X ule]
A F ulojzia QA FR3 A ZE FHEL
2} 7|A S SFAEel| oEstof gt o FFAZHE
7t AEFEE MEes Ho @ DNA polymeraseE
H|£3le] upelH A FAlo| J Q3 genetic machinary g &
AEZFH o4 4 9lE Aelvh metAl, vlolejart A
A SFAEAEY HELYS FE2F Aojets Adgeldh.
F A 7P BCTV AR = A A A glo] ule]
gla ZaAAe] dges SFAEAY AHEA Y 53
7t dejvd, of #AAFF A3 2L FYHI A 2L
& FrEste AAE YA Ayelth o=t 74
2 BCTVe| %+3%l Arabidopsis Sei-02] Az} o] 3] AlE
Ahe AFARRYE e, A dFEEd £ o
ARHES] 8 BE £A 22 A BCTVE zhejel| 2]ske] A}
FxAe] AT AL dAEAH HEEZEEY ¥
AA 7L G2 o] o] 5] F¥ el Wyt eSS Al
o] FI gl7] wjEoleth o] FFd> AE HUAA nlo| 2
Zrdo] £FAES] A g Al FdEd A
A dFelAe 328 Aol FheAY e 5
F2E wol Wl 7]elgict B 17(Smith et al, 1968)
7b o] 7HE UAAHE AA S .
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Arabidopsis thalianaol] beet curly top virus (BCTV)Z 9l
BAES] AR U ZAUFFE S Fehuss
L2 7739w, BCTV-Logane| %% Arabidopsis
thaliana ecotype Sei-O Z7|o| A ¢F 25 3 o] An| ] & Alo]
BAAYT, o 45 Fol A22A0] FHHA, 7Y
2 7k A7) EE FAR Sei-0 2715 ddddele] #
ek A g3 22 £4, (1) ARF-EA L] o], (2)
ol ulefd Ay} AL (3) HAALEA S lacuna A, (4)
lacunaB A g ARE F919] 3 &2 BIAZ A F Fe,
(5) AAR 72 9 M EAA ] HEEYL frX, (6) 4
g 239 fE £o2 YHFE Wi #AHS
BCTVel 7+ % Arabidopsisell A 2] Zej2 3442 ulolaix
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A £ 97 A3 BCTVe| 79 % Arabidopsisel| A 2
29 As 949 Q0 4EY SFAE A2
At 2 lacuna F9| 3] FH X M EEA] 7|7 A
oz Alg ¥
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