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A painting by Nicolas Robert
(1614-1685) p =@ v]fcﬁ%’:‘ﬁljilﬁ—" g
Fitzwilliam Museum


http://www.fitzmuseum.cam.ac.uk/_functions/imagewindow.php?http://www-img.fitzmuseum.cam.ac.uk/img/pdp/pdp2/PD.109-1973.14.jpg
http://zh.wikipedia.org/wiki/1636%E5%B9%B4

Lettuce big-vein disease

' Tobacco mosaic virus

Tomato brown rugose fruit
virus

Modified from
https://thebiologynotes.com/viral-diseases-
of-leaf/




TN ‘E'- P ﬁé K QHJ St
No. % No % No % No. %

"dsDNA | 0 0 1 3.5 606 26.5 |445 75.4
ssDNA 166  17.0 0 0 58 2.5 88 14.9
RT 31 3.2 0 0 112 4.9 0 O
GSRNA 45 4.6 27  93.0 383 16.7 1 0.2
(-)ssRNA 100 10.2 0 604 26.5 0 O
(+)ssRNA 635  65.0 1 3.5 525 229 57 9.6
Total 977 29 2288 591
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cDNA<*----RNA--->RNA- protein

RNA---->RNA

* RT: reverse transcription
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Fig. 8.29 Error rates of transcription within and
between RNA and DNA.
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(Tobacco mosaic virus)

1886 1% g s X A5 dr e e = 7 3 g 4 2 B ek 3 (Mayer)
1892 4 T = #f kv 113 % i Chamberland filter (lvanowski)
1898 %M TMV : :}ﬁai B 25 2 F R 2 (Beijerinck)

Chamberland filter



Tobacco mosaic virus
(300 nm x 17 nm)

1935 Wi Mg s R 3 F9 Fendr i (Stanley”)
1936 % .T»R.:)Fai JSEFE 5 PE-3-v F = 4 (Bawden & Pirie)
1956 it NE 3 R %4 m}ﬁai RNA (Gierer* & Schramm#*)

50 nm The structure of TMV

Electron micrograph
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1982z & 1) > & ¢1ATMV A F] %2 RNA & 5] (Goelet et al.)
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TMV: 300 x 17 nm
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Figure 10.7 Diagram showing the spread of TMV through a medium young tomato plant. The inocu-
lated leaf is shaded, and systematically infected tissues are shown in black. (From Samuel, 1934.)
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(Small interfering RNAs, siRNAs)
F g Tl R 2

thefcd AFIZREREZ LRI (2R

QQ@

L e e
RNA 313 =i
(RNA-mediated resistance)

Ldb JA Silva-Rosales, L., Proebsting, W.M., ai dD ghrtyWG(l993)Idt of a highly specific antiviral state
n transgenic plants: Implications for regulation of gene expression and virus resistance. Plant Cell 5: .


http://www.plantcell.org/content/5/12/1749.abstract
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Chalcone synthase
(CHS)

Sinapate

Chalcone

; Chalcone synthase
""| (CHS) is the enzyme at the

start of the biosynthetic
pathway for anthocyanins| Anthocyanins

Photo credit

; Aksamit-Stachurska et al. (2008) BMC Biotechnology 8: .


http://ag.arizona.edu/pls/faculty/jorgensen.html
doi:10.1186/1472-6750-8-25
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Plants carrying CHS transgene
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http://ag.arizona.edu/pls/faculty/jorgensen.html

L H P A g ek de g 78 RNA

TRERE o FL R RPe
#](co-suppression).

DNA

#2 | Transcription
5%

RNA — SiRNA

#2 | Translation

=

90~ ==8 i 4 'H—fjﬁ? Protein

| —————
Napoli, C., Lemieux, C., and Jorgensen, R. (1990) Introduction of a chimeric chalcone synthase gene into

petunia results in reversible co-suppression of homologous genes in trans. Plant Cell 2:


http://www.plantcell.org/cgi/content/abstract/2/4/279

Vou. 37 __“’ABBE’I:ON,_ DiC,; Jit_: _Iill._:"

HOSTS AND SYMPTOMS OF RING SPOT, A VIRUS DISEASE
OF PLANTS!

By 8. A, Wixcann?
Associate Plant Pathologist, Virginia Agricultural Ezperiment Station

INTRODUCTION

Tobacco ringspot virus

Baulcombe, D. 2004
NATURE 431:356-363
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From Ratcliff, F., Henderson, B.D., and Baulcombe, D.C. (1997) A similarity between viral defense and

gene silencing in plants. Science 276:

. Reprinted with permission from AAAS.


http://www.sciencemag.org/cgi/reprint/276/5318/1558.pdf
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Virus-infected cell Cell excluding virus\
Multiple replicating copies Low viral titer
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o RNA virus -'i.. 3
dsRNA
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Q ell autonomous silencing l Spreading Silencing

Nucleic Acids Research (2006) 34:6233-46
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De Paoli, E., Dorantes-Acosta, A., Zhai, J., Accerbi, M., Jeong, D.-H., Park, S., Meyers, B.C., Jorgensen, R.A., and
Green, P.J. (2009). Distinct extremely abundant siRNAs associated with cosuppression in petunia. RNA 15:


http://rnajournal.cshlp.org/content/15/11/1965.full.pdf

Spikey Phenotype of Transgenic N. benthamiana Expressing the WCIMV Movement
|, and Reversion of the Phenotype after WCIMV Inoculation.
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» 1929 McKinney
% 3 %3E (cross-protection)

> 1986 Powell et al.
LA 30 A FIE Fl 2 Atk

» RNA 317 Flt (RNA-mediated resistance )



2 3 %#;2 (cross protection)
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BACMVeE icti k3 i B 2CMVenzbi A 7)(2) 2 & A F1 5 icti k(%)


http://www.ncbi.nlm.nih.gov/ICTVdb/Images/Milne/cucumsv.htm

Transgenic Dendrobium
(AE &L RF)
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- SiRNA (#1 breakthrough of year 2002 in Science)
- 2008 Nobel Prize



2002 Breakthrough of the Year

Just when scientists thought they had deciphered the roles played by the cell’s leading
actors, a familiar performer has turned up in a stunning varety of guises. RMA, long up-
staged by its more glamaorous sibling, DNA, is tuming out to have star qualities of its own,

Small RNAs Make Big Splash

1o return 1o the centromere —

Life cycle. With a helping hand from proteins
RISC and Dicer, small RMAs are born. We now
know that these molecules keep DNA in line
and ensure a cell's good health.



The Nobel Prize in Physiology or Medicine 2006

"for their discovery of RNA interference - gene silencing by double-
stranded RNA"

Dr. Andrew Fire Dr. Craig Mello

* "They started a revolution with the
discovery of RNA interference,”
Nobel Laureate Philip Sharp

* Their landmark Nature study in 1998 -
- cited in more than 2,500 papers

* It launched a new field in RNA research and has had "profound impacts"
on the understanding of gene regulation and function

one of the quickest recognitions of a discovery
To find this in 1998 and get a Nobel Prize in 2006 is remarkable
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Gene shuttle.

Veggie vectors. Children may soon have a Agrobacterium carry genes

reason for eating their fruits and vegetabl for.dlsease proteins 1nto
get vaccinated. N i fruit cells.

Photo Credit: Hugh S. Mason/Boyce T hompson } (Source: Hugh S. Mason)
(Top), Gregory May/Boyce Thompson (Middle),

Mich Hein/The Scripps Research Institute
(BO t tOIIl) Volume 104, Number 3, March 1996 Environmental Health Perspectives
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Bamboo mosaic virus (BaMV)

155K 13K CP
28K 6K
GFP



155K 13K CP

BaMV B oly(A)
28K 6K
GFP
BaMV-GFP BB holy(A)

BaMV-S BaMV-GFP (Liao, C. T. & Y. H. Hsu)
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(Virus-induced Gene Silencing)

cDNA
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Kumagai et al., 1995. Cytoplasmic Inhibition of Carotenoid Biosynthesis with Virus-Derived RNA.
PNAS (USA) 92: 1679-1683
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TRV-PDS (phytoene desaturase)
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RRRA (MRRIFES )

BT ERLES
(Food and mouth disease virus)
VPI
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(Hsu & Liao)



T

S iy
-

mally, "




100% protection Challenge with FMDV

N PRHMEKR B ' WHERLIBTRLA
ACADEMIA SINICA MC Biotechnol 2007 Institute of Plant and Microbial Biology :IT B




GR T 3% £ Y

i ﬂfb AN Cﬁ}}% & (Infectious bursal disease virus, Virus Res. 2012)
2 SN ING «‘}}35 & (Japanese encephalitis virus, Front Microbiol. 2017)
A3 % (human IFNy protein (Viruses 2019)

T R T % (Influenza virus)
& R }}%i (Avian influenza virus)
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FLOWERING LOCUS T (AtFT)¥ 8384 $ B =
TERMINAL FLOWER 1 (TFL1)Fr4 i 3~ B 1=

> BIR R A FTE 1 e ]S FD2 m‘w B8 AER

> TFL1 ’f\?’ FT'} (X Ap 2. E*“Zi—_'kﬁ/i £ {"ﬁ % 7.
Photoperiod- Photoperiod-
dependent independent
pathway pathway
[~ (Shigeru Hanano , 2011)
v
¥ co V4 N2 I > S Vg E]
i || Frermsg . wi
LFY TFL1 FT TFL1#r4] T
AP1
FWA) (Kobayashi, 1999)
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f1* 3% Baska5 %3 (Apple latent spherial
virus) (ALSV) 4 ¥ 12 %% MdTFL1-1 % 3.
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Sall-Miul

pEALSRZmLSmMRS (5M)

QG G

MP \u/Vpﬂﬁ [vp20] vp2s =it MdATFL1-1 2x J

Ixho | - Sma | - BamHI'
(XSB) A B 7

AtFT

120

100

@ |
> RT-qPCR if jB] ALSV-AtFT/MdTFL1  § e
B %2 ¥ % MATFLI-mRNAZ & % 3 ©
LR E 40
20
0

Uninfected ALSV-AtFT/MdTFL
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# % R % ALSV-AtFT/MATFLL¥ 3% 5 ¥ i@ B 7

ALSV-AtTSF ALSV-GtFT1 ALSV-GtFT1

> 5% B 4 ALSV-ALTFL, &
ALSV-GtFT1 i § ¥ B -
e

! S > ® F R ALSV-AtFT/MATFLI
1 | @ g»F,H .»«—

ALSV-AtFT/MdTFL1

ALTSF: ortholog of FT (TWIN SISTER OF FY) o
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5 months after pollination
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Dichanthelium lanuginosum



http://www.rcn.montana.edu/resources/galleries/gallerydb.aspx?nav=11&tid=1180&N=1

4 & 2 ¢hE F (Curvularia protuberata)




Curvularia thermal tolerance virus
(CThTV)

Science 315:513, 2007

T 26.1hm
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Marquez et al., 2007. Science 315:513.
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A Virus in a Fungus in a Plant

Three-Way Symposis required for termal tolerance

Colonized

Non-colonized

\ — Dichanthelium —
\NY lanuginosum

|

Curvularia
protuberata

55 °C

Science 315:513, 2007
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