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Analysis of cyclic symptom development in tobacco
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The most common disease symptom when plants are systemically infected
Witil viruses is mosaic. Characteristic of mosaic leaves consist of two areas:
dark green islands and yellow-green tissues. The former contains few
infectious viruses, whereas abundant CMV-infected cells occur in the latter.
Several viruses including Cucumber mosaic virus (CMV) develop cyclic
symptom expression in infected plants as mosaic leaves and then
symptomless leaves, and again mosaic leaves. However, the mechanism of

this phenomenon is not so far clarified.

There are numerous factors such as virus-encoded proteins and plant
defense mechanism should be involved in the development of cyclic
symptoms. For this aim, I have examined virus-plant interaction between
the pathogenesis and their related molecular events in CMV-infected

tobacco.

Chapter 1. Characterization of cyclic symptom expression in
CMV-infected tobacco plants

Tobacco plants inoculated with the CMV pepo strain (Pepo) induced cyclic
mosaic symptom expression; mosaic and mottled leaves appeared first
among the newly developing leaves (L7-9) above the inoculated leaf (LO0),
symptomless leaves then deveioped (L10-11), and mosaic leaves appeared
again (L12-14). To clarify the formation of the cyclic symptoms by Pepo,
the relationships between distribution of viral coat protein (CP) or viral
RNA (vRNA) in the leaf primordia (LP, 2 to 3 mm) or young developing
leaves (YDL, 1 to 2 cm) and symptom severity in the fully expanded leaves
were analyzed. Large amounts of Pepo were detected in most cells of the
YDL in the early infection periods, which later led to the development of
mosaic and mottled leaves. Virtually no signals were detected in the
LP/YDL for L11, which developed into symptomless leaves. However,
 Pepo was already separately distributed in the YDL at L13 in the later
mosaic leaves. These results indicated that very few and uneven Pepo

distribution in the symptomless leaves and mosaic leaves generated during
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the late infection period was determined at LP stage, while viral
distribution in the early mosaic leaves was not determined at the
developing stage.

Chapter 2. The 2b protein of CMYV is necessary for cyclic mosaic
symptom expression in tobacco

A 2b protein-defective mutant of the CMV Pepo strain (A2b) induces only
mild symptom and no cyclic symptoms in systemically infected tobacco
plants. To clarify further the role of the 2b protein as an RNA silencing
suppressor in the cyclic symptom expression, distribution of A2b in the
shoot apical meristem (SAM) and LP was monitored. Time-course
histochemical observations showed that A2b was distributed in SAM at 7
day postinoculation (dpi) but could not invade SAM and quickly
disappeared from SAM, whereas Pepo transiently appeared in SAM from 4
to 10 dpi. Faint A2b signals were detected at 14 and 21 dpi in LP, whereas
dense Pepo signals were observed in LP from 4 to 18 dpi. Northern blot
analysis showed that short interfering RNA (siRNA) derived from
AZb-RNA accumulated earlier in SAM and LP than that of Pepo. However,
a similar amount of siRNA was detected in both Pepo- and A2b-infected
plants at the late time points. Tissue printing analysis of the inoculated
leaves indicated that the areas infected with Pepo enlarged faster than those
infected with A2b, whereas accumulation of A2b in protoplasts was similar
to that of Pepo. These findings suggest that the 2b protein of the CMV
Pepo strain determines virulence by facilitating the distribution of CMV in
SAM and LP via prevention of RNA silencing and/or acceleration of the
cell-to-cell movement as well as promoted cyclic mosaic pattern in infected
tobacco plants,

Chapter 3. Involvement of DCL2-4 and RDR1 in cyclic mosaic
symptom development of CMV-infected tobacco

In RNA silencing mechanism, RNA-dependent RNA polymerase (RDR) in
plants synthesizes complementary RNA using viral RNA as the template



and the double-stranded RINA 1s then cleaved by Dicer-like proteins (DCL).
The Nicotiana tabacum genome is considered to encode four DCL and six
RDR homologues. DCL1 synthesizes 18-21 nt-long microRNA, whereas
DCL2, DCL3 and DCL4 produce 22 nt, 24 nt and 21 nt-long siRNA,
respectively, in the RNA silencing process. To clarify which components
were involved in the viral titer change and the cyclic symptom
development in CMV-infected tobacco, transgenic tobaccos in which
DCL2, 3, 4, 2/4 or RDR1 down regulated were used and amounts of vVRNA
in YDL in the transgenic tobaccos were examined by Northern blot analysis.
Most transgenic plants inoculated with Pepo exhibited the cyclic mosaic
patterns. Amounts of VRNA were changed along with the leaf position
similar to those in the case of wild-type tobacco. Furthermore, expression
of those RNA silencing-related genes during high and low CMV infection
were not significantly different among those transgenic plants. These
results indicated that the inhibition of single DCL2-4 or RDR1 and double

DCL2/4 did not affect the development of the cyclic mosaic symptom by
CMV.

The results obtained in this study demonstrated the mosaic leaves
development at the early infection stage was not determined but that at the
late infection stage was already determined in LP. The interaction between
the virus-encoded counter-defense 2b protein and the RNA silencing
coniponents was a key factor determining the severe symptom expression
and the cycling symptom development. Experiments on the transgenic
tobaccos suggested that the RNA silencing components compensated each
other. To establish virus-tolerant crops, further analysis of systemic
silencing signals and host defense proteins in the virus-infected plants will
be needed.
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AR H S BICEDLHEHAME VANV AR T E2IFEALEEERWVEREIHN OREK S
TW5., a2 VEY A7 74 VA (Cucumber mosaic virus- CMV) 72 DA v

2013 % 32 (Nicotiana tabacum) 72 X Ofg MW EY A 7 3, MIEHEIE, VA4
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1. CMV Pepo -Rft &M L7 & S 2 [ ZEMIRESE BB L, BEfEE (L0) o k4L
OFERRE (L7-9) IZEVA 7 E2RBL, Z0 AL ﬁﬁﬁ%(MOHJ EHIZE
P 73 (L12-14) 2R L7z, Z OEMIHRERBLOME 2R 5 72912, BRI (2-3
mm) ERUNERIEE (1-2cm) BT D VA NVANGE X LRI E LT A )V ARERRDE
B L, THONERBICHRIET 2R E OB Z . T A 7 EITR D1
INEBBREETIE, 13 A DML ED CMV B Sz, BIFREEEIC/R DD
TERUL L UNEBIEECIX, CMV RIFEA R SN2 o7, Lo, By g
7 IR HIEDIERFL L WMUNERIIE T, CMV BNEREICHRH SN DM EBE S
TRVERAL & DU TN e, TR OFRERN G, BIREEE L BT A V7 IEICBIT S
T A NVAGARITIERIEOBERE CIRE SN LD, VTS A ZIEICRBIT DU A VAT
IFBEF LD BB CIRE SN2V EIH LT o 7=,

2. WD RNAYA L2y TIZkd25 CMV OY 7 Ly —% X0 EThD 2b
DEFRR SN KL D IZEZE L7z Pepo OZEFEK A2b X N ZHFE LT & 2 A, W
IZEECT 72, AR BLIRD bie o 7=, £ 2T, FAMRHREIEIHIC
BUFD 2b X _IEOKEAZH NI T H72DIZ, A2b 8 L7=Z NaDXETA sy
SRR & BER LI I1T D A2b DENREZ SRS HRREBLEIT L 0 MR L7, 2ETH S S0k
TlL, Pepo [3H:fE 4 H%005 10 HE £ Tkl L TEIZ I 723, A2b 1355250k
FEAERATET, QoA HE LT, %J@%T%H%T, Pepo |3#:FE 4
El@éz’p% 18 Hfﬁif%’é@éﬁﬁ@ IO HITZDITHT L, A2b X —EDEF L THd
R E e, EESSEMME EEREICKIT S/ —F 7 ey METHE, CMV
RNA \Z%t9" % short interfering RNA 73A2b D /573 Pepo L W B-< B L, TDHD
BHEEICEITRO N ehote. Fl2, T v vaymy METHE, ARy MMEREL
72A2b DOIFBEEDOYEKIL Pepo [IZHARTHRVIELS o7, ZHOERENS, CMV
D 2b # 7 F1E RNA A Lo 7o & MBI T e L v XIS S
HAE & BRI~ DY 2B L TR Y, Pepo DOIRJFEEME L B HIFHRME IR 2 E L
TWAHZ ENIHLMNI o T,

3.RNA VA Lo 7 OREYDRFI1Z1E RNA (K17 RNA Fili## (RDR) & Dicer
BeH 78 (DCL) 2%V, DCL2-4 & RDR1 MR D v A /L APLENCES



53 25LEINTWAHNR, Zibo CMV OJEHIFRERBIC T 2&ENIH O Tix
. ZZT, PA LTI LTINS OB EIH Lz & N3z a2 A
T, CMV [EYAEY) ORUNERZEIZE T 5 7 A /LA RNA OFRE & RMB3EHL & o %R
FHAELT-. T OFER, Pepo 2 L7211 & A EDOBMLE ] Z /321X, Pepo D
A LRI ERERERRE AR L, £, BB 5 2 b O8I0 B
EITFEIL X 2 Na DA L, HEREZERITEO LN oTz. TNHDORERND,
DCL2-4 & RDR1 # N EMTHHI L TH, CMV OEHARMIBEIICITEEL
RN EBH BN o T

AW LY, CMV &G4 S a OGO T A 7 I3 EE OB TIEkE S
AR NS, BEFEEE L S e A X F OB TCIRESND Z L, CMV O 2b %
NIBE LR D RNA B A Lo v 775 CMV OFgd5 R & J8 IR s Bl A e L
TWDZERHLMNTR o7, Bl Z N2lc X 5EBRNGIE, oA 1L
VTR IIHERE E EDCHIE T D Z o=, IS O EIE, MWEYHRERT R
SNSRI FEDORIBIIRELS FETH LD EEZLND. Lo T, HEKRABROD
FEREHDOET, it (SHAEMBT) OFMERGTHL2HY ERD 5.



