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WFFERR SR OBEEE (330) : Viroids are small circular, single-stranded, non-coding RNAs, but, once
infected into host plant cells, replicate autonomously depending on the host transcription machinery
and caused severe to mild diseases on varieties of crop plants. To investigate the novel strategy to
prevent plants from viorid infection, we have analyzed viroid-induced RNA silencing in relation to
viroid pathogenicity and molecular evolution. First, by large-scale sequencing analysis using next
generation sequencer on the biogenesis of PSTVd-specific small RNAs (srPSTVd), it was found
that those derived from genomic strand was superior than those from anti-genomic strand, i.e., 9:1,
in case of “Rutgers” tomato — a highly sensitive cultivar, but the ratio was almost 1:1 in
“Moneymaker” tomato — a tolerant cultivar. In both cultivars, srPSTVds were derived in general
from whole the molecule of both strands, but some specific regions — hotspots — produced more
abundant srPSTVd. In the genomic strand, both cultivars showed the similar hotspot pattern,
however, the cultivar-specific pattern was observed in the anti-genomic strand, i.e., Moneymaker
showed more variable hotspots. The results indicated that the srPSTVd biogenesis is
host/cultivar-dependent. We have also compared the hotspot patterns among PSTVd variants with
different pathogenicity, i.e., the Intermediate (severe) and the Dahlia (mild) strains, and found that
both of the strains showed the similar hotspot pattern in Rutgers tomato in leaves and stem with
distinct abundance depending on the individual hotspots.

To identify the host genes responsible to exhibit viroid-specific disease symptoms such as
dwarf and/or leaf curling, we have then performed microarray analysis of gene expression in
tomato cultivars (Rutgers and Moneymaker) with or without infecting PSTVd. Expression of the
genes related to biosynthesis of most of the known plant hormones including gibberellin and auxin
have more or less been altered by development of specific disease symptoms. Among them, we
have surveyed genes containing a stretch of 21-nucleotide sequence homologous to PSTVd, and
found that the gene encoding gibberellin B-hydroxylase contains a PSTVd-specific 21-nucleotide
sequence and was down-regulated by PSTVd infection, suggesting that the gene could be a
hypothetical target by PSTVd-induced RNA silencing. Several of the tomato microRNAs such as
miR159 have also changed their expression levels.

We have created transgenic tomato and Nicotiana benthemiana lines constitutively expressing
hairpin RNA derived from various regions of PSTVd or from host genes relating to RNA silencing,
i.e., DCL2 and RDR6. At present, transgenic N. benthamiana T2 lines expressing near full-length
hairpin PSTVd (PSTVd-ATL) and one of the srPSTVd hotspots (srPSTVd-257a) derived from
lower central region of anti-genomic strand successfully exhibited resistance to PSTVd infection.

To investigate molecular evolution of viroid in relation to RNA silencing, we infected hops with
natural Hop stunt viroid (HpSVd) isolates derived from four host species (hop, grapevine, plum and
citrus). These plants were maintained for 15 years, then analyzed the HpSVd variants present. As
the result, the variant originally found in cultivated grapevines gave rise to various combinations of
mutations at positions 25, 26, 54, 193, and 281, and upon prolonged infection, these variants
underwent convergent evolution resulting in a limited number of adapted mutants. Further analysis
revealed that these five mutations did not give a merit upon the mutant to replicate either in the
original host (grapevine), the adapted host (hops), and the third host (cucumber). However, the



mutant accumulated less abundant srHpSVd in infected hops and cucumber, and especially the

relative ratio of srHpSVd reads containing the five mutations per total srHpSVd reads were

significantly downed, suggesting that the adapted mutant successfully escaped from viroid-induced

RNA silencing by giving rise to the five mutations.
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KT va—F 47 RNAREEY A 1
A RO BEERIGE &R EME R BLO 551148 )
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VT RERALAAFIET D Z LRI ST
72, SIPSTVA DA R % o3 #T LIS 1)
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@ A aA REQEREERNAT A L v
v kRS K O microRNA BRI I KT8 2 0

v v TR KON microRNA BRI T =2

fE#ft : RNA YA L7t fas RO

BORNT : UA A Nid, HEOE X 7B
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RNA WA Loy 7 BEE R RO R &
) BT HEBREREE L RNA 1
L2 w7 R2 microRNA BIRICE b B BT
e b S EEH LT, A uaAg
FELTHEINS RNA A LT
IR B OBEME 2 MGET 5, Eo, BRa e
vA v NEFNZHFKTH~T B RNA &
LT D IR 2 R L AR
A4 FEERETS RNA AL
EHETLHI LT, BRIy A A RO
BRI NN ILET 2 FEERFT 5, £
72, ZOMBAKDOEBT 25452 & T,
(714 8vA REFIZXT 25 RNA 1 Loy
V7 HE E O 7B E TR BLE L LR R
MRBICED ] LB X DEROIEEME
(Wang et al, PNAS 2004) % kL. #HHe
A v NEEPUERIK 2 Z R L, ZORHeME
ZiHET %,

P EOR B 0D BN 2 AT 5 7o 8h . PSTVd Ji
e e M4 b~ b (54 FE : Moneymaker ,
Rutgers) 7>6 RNA ZHiti L, —#id~1 7
a7 LAET, xRty — 7 = —
(A2 F4E, GAN) (2 X % small RNA DK
AR EL BT 21T o7y ~A 7T LA
AT T LN T —Z 5 PSTVA J&YLTH
BENMETT 286 HEZ/REL, SHICF
DHC PSTVd A%l & AHIR 7 21 HEH DL %
BT b8 raRE L, £, ~A( 707
LA RO —r o2 TcHBsNn-T
— X &N LT, PSTVd &Y b~ o
microRNA &5 1 D5 Bl % & B ART L
T, UA v A YRR R VT B
BT RED ORBU AT T HEZ 30T - FHE
L7z £72. RNA V1 Lo v 7B E L+
T a7 Yy LI T A L AN
27 5 — (Potato virus M, Potato aucuba mosaic
virus) (ZFEA L. RNA Y1 L oo JRERE &
microRNARRIE # RNA T T/ v 7 X o g
DELWERROEEIZEY HATE, 51T,
A7 AT LT, PSTVd B8 K O srPSTVA D7+ b
ARy MELAEFHREIO~T B RNA & 5881
THE R h~ FE{EHL, vAnrA R
ER)E 325 RNA A Lo v 70N EDOE
IR BRI G 2 DB % 50T L,
Ho, ZOWEMIERD T A a1 NREUEZ FHM
L7,

©® vA aA FofE £ & oy i %
ETREOMN . FRAREE L. Sy 7,
TR, HXY, RAEENLOHE L EE
Ry TRy A 1A R (Hop stunt viroid;
HpSVd) ZBAK%Z R v 7R S, R/
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X PSTVd-Intermediate & thigs LT 9 I DOZE
BaEaHL, b~ (Rutgers) (Z/EJSH7- L&
ZAFEE N EBIBIERN A ST, Hied TS
HHEDIRFEMEA A L TWD Z & L7z,
= 2 CHEBRFEE —EEE LT, :@Eéﬁﬁk
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Z 2T, HiE (1) (ZFERHE O PSTV (24
HIEZMEDR D b~ b 2 dfE (Rutgers &
Moneymaker) X U8 PSTVd Hi kDR % & fx
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Nz, £, KEY — /7 o 257 =125
FH 5 FEZ microRNA O HEBUSEE 2 541 L
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F 1l PSTVAdEY: b~ h-~A 7 0T LA SHTER

Fold expression change
TAIRID Gene description PSTVd PSTVd iRNA CalCuV'
(Rutgers) _ (M'maker) _ (M'maker) __(Athal)

‘Abscissic aci d
AT3G14440
AT2627150
AT4G19230
AT4G34131

-1.80 - - -
- 134 - +1.14
184 - -

Auxin
AT4G05530 short-chain dehydrogenase (S) - 125 - +133
Brassinosteroid

AT3G50660 220 hydroxylase (S) -
AT3G02580 sterol-C5(6)-desaturase homolog (S) 131 -
AT3G19820 campesterol synthesis (S) 273 - - -2.24
AT1G50430 sterol 6-7 reductase () 4213 +1.56 - +1.25
Cvtokinin
AT2615490 UDP-glucosyl transferase (zeatin) (D) +1.79 - -
AT3G11340 ““ (zeatin?) (D) +5.74 +3.81 +4.41
Ethylene
AT4G11280 ACCsynthase 11 (5) - 21
AT1G05010 ACCoxidase (S)
Gibberellin
AT2644800
AT4G25420

Jlasmonicacid
AT3645140
AT1676690
AT2606050
AT2646370

X5, PSTVA B CTREEMET L b
< B FOF T, PSTV Blsl & 21 thEEFE
ORI 26T 200 RR LE
. gibberellin g -hydroxylase 73 % D=
FTRBEINTE, Thbb, ZhbD®EET
X PSTVd & AHIAZ: 21 OB ZH L.
PSTVd Y CTRIFENMET T 22 &0, ¥
A vA FEETHEIND RNA A Loy
VI DEMERE LTAL S B E M
ERBE T OB/ E B ZDICE-T- (BB
N R.A.Owens — #E/M LRI 2E3)

PSTVd DJR{EFE BT LR B 8 MK T 9
% b= FELEFO RNA A7 oy MENT
ATHE TOOHI T, A A REGIZEDIF
LA ETORMYERNLE G R B EE

fRAREE ZORIIGRENICE 592 microRNA
R BEICAERRIE TR N, VA A
R I BRI - FIB OB &
TRV UEIOE T HEB R NVE S OB
RE & BEHEICBE LIRS BT 2 Z &
5O, Bl - BER X ORI L BEET S
AREMEDHD T TR ) A R, A—F v, 7
TV ATOA R, VRV U AR B E
GF %5812 RNA #r7ay N7 vt A
X0 E 772, bbb, h~ b DAL
a A REEE ST (tchsl, tchs2) . A 7 1
~ ADBEPER T (DWARF) & &i% pds0d.
MM EICEET 5= A v A alE
{57 (Le-expl) . gibberellin 8 -hydroxylase, 7
—X VU AEERBERBL T EOBEFD
—MAEr s —= 7 LT —7 e L.
PSTVd &Y X 5 KB a R EDOE{L%E
T L7, ZOfE%, BEICHFEREE L (B
SRR - HE (B) 2006—2008 4F) Bl Qi
& Ding (2003) TH LM I N TV D tehsl,
tchs2 . Le-expl 20 2 T . gibberellin
B -hydroxylase  PSTVd [&Yuiz X 254t -
FERORIEIZHE > TRABNIKTTHZ L
DHEREINTZ, ZhiI~A 7 a7 LA o
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