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The 1.2-Megabase Genome Sequence of Mimivirus

Didier Raoult,” Stéphane Audic,” Catherine Robert,’ Chantal Abergel,” Patricia Renesto,’
Hiroyuki Ogata,” Bernard La Scola,’ Marie Suzan,' Jean-Michel Claverie®

We recently reported the discovery and preliminary characterization of Mimivirus, the largest known virus, with a
400-nanometer particle size comparable to mycoplasma. Mimivirus is a double-stranded DNA virus growing in
amoebae. We now present its 1,181 404-base pair genome sequence, consisting of 1262 putative open reading
frames, 10% of which exhibit a similarity to proteins of known functions. In addition to exceptional genome size,
Mimivirus exhibits many features that distinguish it from other nucleocytoplasmic large DNA viruses. The most
unexpected is the presence of numerous genes encoding central protein-translation components, including four
amino-acyl transfer RNA synthetases, peptide release factor 1, translation elongation factor EF-TU, and translation
initiation factor 1. The genome also exhibits six tRNAs. Other notable features include the presence of both type |
and type Il topoisomerases, components of all DNA repair pathways, many polysaccharide synthesis enzymes,
and one intein-containing gene. The size and complexity of the Mimivirus genome challenge the established frontier
between viruses and parasitic cellular organisms. This new sequence data might help shed a new light on the ongin
of DMNA viruses and their role in the early evolution of eukaryotes.

T Unité des Rickettsies, Faculté de Médecine, CNRS UMRB020, Université de la Méditerranée, 13385 Marseille
Cedex 05, France.
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Pandoraviruses: Amoeba Viruses with Genomes Up to 2.5 Mb Reaching That
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Nadége Philippe™=-, Matthieu Legendre-, Gabriel Doutre’, Yohann Couté>, Olivier Poirot-, Magali Lescot",
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ABSTRACT EDITOR'S SUMMARY

-

> Download Citation

* Alert Me When Article is Ten years ago, the discovery of Mimivirus, a virus infecting Acanthamoeba, initiated a reappraisal of the upper
Cited limits of the viral world, both in terms of particle size (>0.7 micrometers) and genome complexity (>1000 genes),
> Postto CiteULike dimensions typical of parasitic bacteria. The diversity of these giant viruses (the Megaviridae) was assessed by

sampling a variety of aquatic environments and their associated sediments worldwide. We report the isolation of
> E-mail This Page two giant viruses, one off the coast of central Chile, the other from a freshwater pond near Melbourne (Australia),
* Rights & Permissions without morphological or genomic resemblance to any previously defined virus families. Their micrometer-sized
ovoid particles contain DNA genomes of at least 2.5 and 1.9 megabases, respectively. These viruses are the first
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Thirty-thousand-year-old distant relative of
giant icosahedral DNA viruses with a
pandoravirus morphology

Matthieu Legendre®", Julia Bartoli®", Lyubov Shmakova®, Sandra Jeudy? Karine Labadie<, Annie Adrait?,
Magali Lescot®, Olivier Poirot®, Lionel Bertaux®, Christophe Bruley®, Yohann Couté?, Elizaveta Rivkina®,
Chantal Abergel®?, and Jean-Michel Claverie**?

AStructural and Genomic Information Laboratory, Unité Mixte de Recherche 7256 (Institut de Microbiologie de la Méditerranée) Centre National de la Recherche
Scientifique, Aix-Marseille Université, 13288 Marseille Cedex 9, France; B|nstitute of Physicochemical and Biological Problems in Sail Science, Russian Academy of Sciences,
Pushchino 142290, Russia; “Commissariat a I'Energie Atomique, Institut de Génomique, Centre National de Séquencage, 91057 Evry Cedex, France; “Commissariat a
I'Energie Atomique, Institut de Recherches en Technologies et Sciences pour le Vivant, Biologie a Grande Echelle, Institut National de la Santé et de la Recherche
Meédicale, Unité 1038, Université Joseph Fourier Grenoble 1, 38054 Grenoble, France; and ®Assistance Publique - Hopitaux de Marseille, 13385 Marseille, France

Edited by James L. Van Etten, University of Nebraska-Lincoln, Lincoln, NE, and approved January 30, 2014 (received for review November 7, 2013)

The largest known DNA viruses infect Acanthamoeba and belong
to two markedly different families. The Megaviridae exhibit
pseudo-icosahedral virions up to 0.7 pum in diameter and adenine—
thymine (AT)-rich genomes of up to 1.25 Mb encoding a thousand
proteins. Like their Mimivirus prototype discovered 10 y ago, they
entirely replicate within cytoplasmic virion factories. In contrast, the
recently discovered Pandoraviruses exhibit larger amphora-shaped
virions 1 pm in length and guanine—cytosine-rich genomes up to 2.8
Mb long encoding up to 2,500 proteins. Their replication involves the
host nucleus. Whereas the Megaviridae share some general features
with the previously described icosahedral large DNA viruses, the Pan-
AN o C LIS, NCIT YWE Hen 1L

©S aDDEes nrelated giscoven

larger amphora-shaped virions 1-1.2 pm in length. Their guanine—
cytosine (GC)rich (>61%) genomes are up to 2.8 Mb long and
encode up to 2,500 proteins sharing no resemblance with those of
Megaviridae (9). Finally, Pandoravirus particles do not incorporate
the transcription machinery that would allow them to entirely rep-
licate in the host’s cytoplasm. Known giant viruses infecting Acan-
thamoeba were thus thought to belong to two very dissimilar types
in terms of particle structure, genome characteristics, and replica-
tion strategies. Here we describe a third type of giant virus named
“Pithovirus” (from the Greek word pithos designating the kind of
large amphora handed over by the gods to the legendary Pandora)

aiwatakelise ald

http://www.pnas.org/content/111/11/4274.full.pdf




Fig. 1. Electron microscopy imaging of the Pith-
ovirus replication cycle in A castellanii. (A) Apex of
the Pithovirus particle showing its unique cork made
of 15 nmspaced stripes, rolled membranes un-
demeath, and the internal membrane. (8) Two
perpendicular views of the Pithovirus particles (cross-
and longitudinal sections). The particles are wrapped
into a 60 nm-thick envelope made of 10 nmspaced
parallel stripes. A lipid membrane is enclosing a ho-
mogeneous interior where a tubular structure is seen
episodically, but in a reproducible fashion (arrow-
head). (C) Top view of the cork revealing a hexagonal
honeycomb-like array. (D) Bottom view of the particle
showing the striated organization of the envelope.
(E) An opened Pithovirus particle in the host vacuole.
Parts of the expelled cork are visible {black arrows)
and the internal membrane of the particle (black
arrowhead) appears ready to fuse with the vacuole
membrane. (F) Maturing virions at a late stage of
infection. Structures made of stripes, pieces of cork,
and dense material accumulate (white arrowhead)
in the periphery of the virion factory (VF). These
structures may contain preassembled particle build-
ing blocks {Fig. $1). The cell nucleus (N} is visible. (G)
Inset highlighting a late stage of virion maturation
with globular striated structures accumulating at the
virion periphery. (H) Various stages of particle as-
sembly in the same cell. {f) Incompletely assembled
rectangular particle lacking its thick envelope. The
striated cork is already visible. (/) At a later stage,

http://www.pnas.org/content/111/11/4274.full.pdf
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Tailed giant Tupanvirus possesses the most
complete translational apparatus of the known
virosphere

Jénatas Abrahdo'?, Lorena Silva'2, Ludmila Santos Silva'?, Jacques Yaacoub Bou Khalil®, Rodrigo Rodriguesz,

Thalita Arantes?, Felipe Assis?, Paulo Boratto?, Miguel Andrade®, Erna Geessien Kroon?, Bergmann Ribeiro® -

Ivan Bergier® >, Herve Seligmann', Eric Ghigo', Philippe Colson', Anthony Levasseur’,

Guido Kroemer®782.10112 Didier Raoult! & Bernard La Scola’

Here we report the discovery of two Tupanvirus strains, the longest tailled Mimiviridae
members isolated in amoebae. Their genomes are 1.44-1.51 Mb linear double-strand DNA
coding for 1276-1425 predicted proteins. Tupanviruses share the same ancestors with
mimivirus lineages and these giant viruses present the largest translational apparatus within
the known virosphere, with up to 70 tRNA, 20 aaRS, 11 factors for all translation steps, and
factors related to tRNA/mRNA maturation and ribosome protein modification. Moreover,
two sequences with significant similarity to intronic regions of 18 S rRNA genes are encoded
by the tupanviruses and highly expressed. In this translation-associated gene set, only the
ribosome is lacking. At high multiplicity of infections, tupanvirus is also cytotoxic and causes
a severe shutdown of ribosomal RNA and a progressive degradation of the nucleus in host
and non-host cells. The analysis of tupanviruses constitutes a new step toward understanding
the evolution of giant viruses.

| (2018)9:749 | DOL: 10.1038/441467-018-03168-1 |




Fig. 1 Tupanvirus soda lake particles and cycle. a Optical microscopy of Tupanvirus particles after haemacolour staining (1000 x ). Scale bar, 2 um. b Super
particle (>1000 nm) observed by transmission electron microscopy (TEM). Scale bar, 500 nm. ¢, d Scanning electron microscopy (SEM) of Tupanvirus
particles. Scale bars 250 nm and 1um, respectively. e, f The initial steps of infection in A. castellanii involve the release of both capsid (e) and tail (f) content
into the amoeba cytoplasm (red arrows). Scale bars, 350 nm and 450 nm, respectively
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The largest known viral genomes (completely sequenced, = 170 kb)

Virus Length Segm Protein NCHd
1 Pandoravirus salinus (Pandoraviridae) 2473870 1 2541 NC_022098.1
2 Pandoravirus dulcis 1908524 1 1487 NC_021858
3 Megzavirus chilensis (\Mezaviridae) 1259197 1 1120 NC_016072
4 Mamavirus 1191693 1 1023 JF801936 Legend: The largest known
Mimivirus 1181549 1 979 NC_014649 viral genomes. For each
6 Moumouvirus 1021348 1 894 NC_020104 virus family, the largest
7 Mimivirus, isolate M4 981813 1 =620 TN036606 representative is
8 Cafeteria roenbergensis virus BV-PW1 617453 1 544 NC_014637 highlighted in green.
NC_6633-6662 Probably inflated counts for

9 Cotesia congregata bracovius (Polydnaviridae) 567670 30 155
10 Bacillus megaterium phage G (Caudovirales) 497513 1 67

predicted protein-coding

5 IN638751 e =
genes are indicated in red.

11 Phaeocystis globosa virus (Phvcodnaviridae) 460000 1 460 HQ634147 Fragmented genomes are
12 Emiliania huxleyi virus 86 407339 1 472 NC_007346 highlighted in yellow
14 Marseillevirus 368454 1 428 NC_013736 300 kb are now known for 8
15 Canarypox vitus (Poxviridae) 359853 1 328 NC_005309 families: Megaviridae,
16 Lausannevirus, isolate 7713 346754 1 444 NC_015326 Polydnaviridae,
17 Paramecium bursaria Chlorella virus AR1358 344691 1 814 NC_009899 g‘; ud °“1”" ’dﬁ’e_&
= . = = = ycodnaviridae,
18 Ectocarpus siliculosus virus 335593 1 240 NC_002687 - . —
- = : - = == Marseilleviruses, Poxviridae,
http:// 19 Paramecium bursaria Chlorella virus 1 330611 1 802 NC_000852 Nimaviridae and
= 20 Paramecium bursaria Chlorella virus FR483 321240 1 335 NC_008603 H
www.gia . = = Herpesvirales. Notre that
i 21 Pseudomonas phage 201phi2-1 316674 1 461 NC_010821 the smallest genomes of
ntvirus.o 2 Paramecium bursaria chlorella virus MT325 314335 1 331 DQ491001 parasitic microorganisms
rg/top.h 23 SHEMPWHESPOUSTAMOMENGS (Nimaviridae) 305107 1 531 NC_003225 ConSIderedI“ceIILIl:ar” in .
tml 2 I (crpesvirales) 205146 1 163 NC_009127 nature are less than'170
e in size.
25 Glypta fumiferanae ichnovirus 291597 105 103 - 2

008941
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Plant genomes enclose footprints of past
infections by giant virus relatives

Florian Maumus'*, Aline Epert?, Fabien Nogué? & Guillaume Blanc*

Nucleocytoplasmic large DNA viruses (NCLDVs) are eukaryotic viruses with large genomes
(100 kb-2.5Mb), which include giant Mimivirus, Megavirus and Pandoravirus. NCLDVs are

known to infect animals, protists and phytoplankton but were never described as pathogens Protists: }ﬁé&éﬁ%

of land plants. Here, we show that the bryophyte Physcomitrella patens and the lycophyte Bryophyte:
Selaginella moellendorffii have open reading frames (ORFs) with high phylogenetic affinities to Lycophyte:
NCLDV homologues. The P. patens genes are clustered in DNA stretches (up to 13kb)

containing up to 16 NCLDV-like ORFs. Molecular evolution analysis suggests that the

NCLDV-like regions were acquired by horizontal gene transfer from distinct but closely

related viruses that possibly define a new family of NCLDVs. Transcriptomics and DNA

methylation data indicate that the NCLDV-like regions are transcriptionally inactive and are

highly cytosine methylated through a mechanism not relying on small RNAs. Altogether, our

data show that members of NCLDV have infected land plants.
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-- a set of one or more nucleic acid molecules encased in

protective protein coat(s). (—2E % E AT HE I R H)

-- multiply by ASSEMBLY from pools of required materials
(nucleic acids, proteins, and lipids), not by binary fission

(LA dHe" GzGETEE - E” ZF0K" 45H)

-- does not possess independent energy production systems

(RABIUMIFER T ER)

-- does not possess independent protein synthesis systems

(2 EEIUHIEHESRARY)

-- does not GROW (REEEX)
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Symplastic pathway (through cytoplasm)
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One poem, attributed to the Empress
Koken (ZgKE Af5) and written in the
summer of 752 AD (Fig. 1), describes the
autumnal appearance of eupatorium
plants in summer and is reputedly the
earliest written record of the symptoms of
a plant virus disease.

Aetiology: The earliest recorded plant virus disease
Saunders, K., Bedford, I. D., Yahara, T., and Stanley, J. Nature 422, 831 (24 April 2003)



http://www.nature.com/nature/journal/v422/n6934/full/422831a.html
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Sequences Analysis Credits

Descriptions of Plant Viiuses }

Welcome to the site for Plant Virologists everywhere!

This site provides a central source of information about viruses, viroids and satellites of plants, fungi and protozoa, with some additional
data on related animal viruses. The site is under active development: the information is being updated frequently and additional features
are also being planned.

At present, you will find here:

Introduction to Plant Viruses

An introductory overview of plant viruses, their importance, transmission and classification.

Descriptions of Plant Viruses (DPV)

Over 400 individual descriptions of plant viruses or virus groups. Nos 1-354 were originally published in paper form by the

Association of Applied Biologists (AAB) between 1970 and 1989, while additional descriptions have been added to a CD-ROM n°b
{also published by the AAB) since 1998. These can now be accessed from the indexes in the DPV menu or from the

Taxonomy pages. New descriptions are being commissioned and will be added as they become available.

Taxonomic notes

A brief description is provided for each genus and family. This includes all viruses, viroids and satellites infecting plants, fungi and protozoa
and additionally all other RNA viruses infecting animals. The genome organisation is described wherever this is known and there are links to
a genome map and a representative electron micrograph (for plant viruses only). Lists of species with their acronyms and synonyms are
provided for each genus. There are also links to the plant virus Descriptions (DPVs) and to the nucleotide sequences.

Sequences

We provide the accession numbers used by EMBL and Genbank databases for all the sequences of viruses, satellites and viroids infecting
plants, fungi and protozoa. These have been checked to ensure that, as far as possible, they are allocated here to their correct name and
the list is updated at least once every two months.

Sequence analysis

€
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1. amplitude (diameter)

&

2. pitch (the distance
covered by each

complete turn of the helix)

Axial rise/ subunit = 0.14 nm
2.3 nm / 16.33333 =0.14 nm

Fig. 1.2 Schematic representation of tobacco mosaic virus structure denved

largely from x-ray diffraction studies (modificd trom Ref. | 18]).
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https://www.frontiersin.org/articles/10.3389/fmicb.2017.00788/full



https://www.frontiersin.org/articles/10.3389/fmicb.2017.00788/full

2. BFRAVNRB(E_+mEeE

_Fig. 3.6. Arrangement of 60n identical sub-units on the surface of an
icosahedron. (A)n = 1 and the 60 sub-units are distributed such that
there is one sub-unit at the vertices of each triangular facet. Note that
each sub-unit has the same arrangement of neighbours and so all the
sub-units are equivalently related. {(B) n = 4. Each triangular facet is
divided into four smaller, but identical equilateral triangles and a
sub-unit is again located at each vertex.

Quasi-equivalence, or Quasi-symmetry

Pentamers: filled circles (curved)
Hexamers: open circles (flat)



Virion formation: RNA-controlled polymorphism
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RNA-controlled polymorphism in the in vivo assembly
of 180-subunit and 120-subunit virions from a single
capsid protein

Michael A. Krol*, Norman H. Olson®, John Tate#, John E. Johnson?, Timothy S. Baker?, and Paul Ahlquist*37

*Institute for Molecular Virology, and $Howard Hughes Medical Institute, University of Wisconsin, Madison, W1 53706; TPurdue University, West Lafayette,

IN 47907; and *Scripps Research Institute, La Jolla, CA 92037
Contributed by Paul Ahlquist, September 29, 1999

Repeated, specific interactions between capsid protein (CP) sub-
units direct virus capsid assembly and exemplify regulated protein-
protein interactions. The results presented here reveal a striking in
vivo switch in CP assembly. Using cryoelectron microscopy, three-
dimensional image reconstruction, and molecular modeling, we
show that brome mosaic virus (BMV) CP can assemble in vivo two
remarkably distinct capsids that selectively package BMV-derived
RNAs in the absence of BMV RNA replication: a 180-subunit capsid
indistinguishable from virions produced in natural infections and a
previously unobserved BMV capsid type with 120 subunits ar-
ranged as 60 CP dimers. Each such dimer contains two CPs in

disassembly (5). BMV CP and CCMV CP are 70% identical in
sequence and functionally interchangeable in vive (ref. 6; R.
Allison and P.A., unpublished work). The crystal structure of the
28-nm diameter CCMV capsid has been determined to 3.2-A
resolution (7). The only CP assemblies isolated to date from
bromovirus-infected plants are 180-subunit, 7 = 3 particles
containing viral RNA (5).

Bromovirus genomes are divided among three messenger-
sense RNAs (Fig. 14). RNA1 and RNA2 encode RNA repli-
cation factors la and 2a (8). RNA3 encodes the 3a cell-to-cell
movement protein and CP. CP is translated from subgenomic
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Movement and Transmission of Viruses in Plants

\

- WA TV EN R 7 R iERR S, - DAGEE SRBTE Ry it
1. Cell-to-cell movement (QEIHEZEJQEIE@%@J)
2. Long distance (systemic) movement. (4R 2ERE D)

-- Most plant viruses encode at least one protein, the so-called
movement protein (jFE{RIEZEE H), for movement in plants.

--Additional factors, required for efficient movement, are provided

by the host plants(EAit[N T HEE )

-- The direction of virus movement usually follows the
direction of nutrients adsorbed or synthesized by the host
plants, i.e., from SOURCE leaves to SINK leaves.(JFHE 2 &)

Y HEERY BB T H—)



1IV. MOVEMENT AND FINAL DISTRIBUTION IN THE PLANT

18 Days

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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- MR YA 2 A R A B 44k (Plasmodesmata, PD)ff Ry & &
NEE

- —wmmm s s —{E K 4 AR

(a) RS R TR (FT4R ) B a2 B A AR VST EE (X ER)
(b) &SRS L EEHiEER = AR T ETE P
(c) FIKEBRFT e BB ENVAIAEEE Z /N ETEPRECE EF AR

- Q& ETR B R R R A B AR SRR AR R RV 28RS > ERINERE
ST EEER R Ry



TEM IMAGES OF PLASMODESMATA
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https://slidetodoc.com/extra-cellular-components-and-
connections-extra-cellular-components/



Plant virus movment 1EY)iE&EF2E

o Exit from phloem vasculature to
9| startnew infection sites

I Entry into phloem vasculature and

il 1ong-distance movement
Epidermal cells : Sieve
Mesophyll cells DBundle sheath DVascular parenchyma DCompamon cells S

——— Plasmodesmata é—Pore Plasmodesmal Units (PPUs) O Viral transport complex

‘ ™ Viral replication Viral cell-to-cell movement Viral long-distance movement
Protein synthesis via plasmodemasta via phloem vasculature

Hipper, C.; Brault, V.; Ziegler-Graff, V.; Revers, F., Viral and
Cellular Factors Involved in Phloem Transport of Plant Viruses.
Frontiers in plant science 2013, 4, 154.



Classification of Cell-to-Cell Movement Mechanisms of Plant Viruses

I. Viruses that move as virions: (D52 BE H A2 E))

A. Comovirus-like mechanism:
-- Comovirus, Nepovirus, Badnavirus, Tospovirus
-- Formation of hollow tubules that extend between cells and serve as
conduits for transport of virions (o 22/NE)

B. Closterovirus-like mechanism:
-- Closterovirus (Beet yellows virus, Citrus tristeza virus)
-- Hsp70 homolog MP (Hsp70h), the major capsid protein forms the
virion; while the minor capsid protein and Hsp70h form a tail assembly
that propels the virion particle into the plasmodesmata. (B B0 E )
-- Hsp70h has ATPase activity

Il. Viruses that do not need virion formation for cell-to-cell movement:
(PR EEREEN R TR E), HFE BEEL™ )

A. TMV 30K-like protein dependent mechanism: TMV, BMV, CMV

B. Triple-Gene-Block proteins (TGBps) dependent mechanism:
1. Hordeivirus-like:
-- Hordeivirus, Pomovirus, Pecluvirus
-- CP not required
2. Potexvirus-like:
-- Potexvirus, Carlavirus, Foveavirus, Allexivirus
-- CP required



FIG. 1. Imnmunofluorescent staining of the NSm protein in protoplasts isolated from systemically nfected
leaves of Nicotiana rustica. (A) Localization of NSm in the cytoplasm of N. rustica protoplasts at 6 days
p.i. (B) NSm-containing tubular structures emerging from the protoplast surface at 7 days p.i. Scale bar
represents 10 mm. (Storms et al., 1995)



Cell wall

BoS S Tubule structure

Filg. 2. Two mechanisms by which virus-encoded movement proteins mediate cell-tocell spread
of viruses. The TMV4ike mechanism (above) involves transient modification of the plasmodesmal
SEL to allow transport of either (a) the ribonucleoprotein complex or (b) free RNA to the adjacent
cell. The CPMV{ike mechanism (below) involves formation of a tubule through which virions

8 ted to the adjacent cell; this tubule appears to modify plasmodesmal structure
- permanently. \




1HY) iR iR S5

Transmission of viruses by arthropods:

Classification by virus-insect interactions:
1. Non-persistent (FE k&)

2. Semi-persistent (2F 7k &)

3. Persistent (7 &4): propagative or non-
propagative; circulative or non-circulative

Classification by insect mouth parts:
1. Sucking and piercing stylets (i =, [1£3)

2. Biting mouth parts (1HIH=128)



Insects with sucking and piercing stylets:

R IS HY BE 2

k\l

N\

W2 (Aphids)
;I%}mg (WhlteﬂleS)
FEET (Leafhoppers)
&% (Thrips)
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Viruses transmitted by beetles:
1H Mg =\

o

s [ymovirus

s Comovirus

s Bromovirus
s Sobemovirus
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s Viral diseases of plants are commonly controlled by the
following strategies -

Chemical control for insect vectors (Z£%5) ZEHI1E /T EE 2= )

Virus- free seeds or seedlings GREAEEE)

Quarantine (/& #1275 BE )

Virus resistant cultivars (F1/&onf2) @ natural or transgenic

Iesourcces

= The use of resistant cultivars presents one of the most effective
and economical approaches in viral disease management.

(MFEmiEEERA VNERAENRER=Nah A2 —)



* In TARI, Dr. Deng ~ Liao and Lin have selected one variety
TVI4204 of wax gourd brought from India which showed

immunity to PRSV-W and ZYMYV. (B &l 8

I PLIR

Res1siant ‘TVI 4204

[%ﬁ}’\nn '

ETVI4204)

Susceptlble TVf 11577

FRAT A

(Deng et al., unpublished)
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Dai et al., 2022
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Potato virus X as a vector for gene expression in plants

Sean Chapman, Tony Kavanagh? and David
Baulcombe'""

"The Sainsbury Laboratory, Norwich Research Park,
Colney Lane, Norwich NR4 7UH, UK

2Department of Genetics, Trinity College, Lincoln Place
Gate, Dublin 2, Eire

Proc. Natl. Acad. Sci. USA
Vol. 93, pp. 3138-3142, April 1996
Plant Biology

duced sequences imposed by the packaging require-
ments of the virus (Brisson et al., 1284).

Geminiviruses, with bipartite single-stranded DNA
genomes, have been used successfully to express foreign
genes in plants by replacement of the viral coat protein
genes. The genomes of cassava latent virus and tomato
golden mosaic virus were modified in this way to express
chloramphenicol acetyltransferase (CAT), neomycin

The open reading frame of bamboo mosaic potexvirus satellite
RNA is not essential for its replication and can be replaced

with a bacterial gene

(satellite-based vector/satellite-encoded protein)

NA-SHENG LIN*T, YUN-SHIEN LEE*, BIING-YUAN LiN*, CHIN-WEI LEE¥, AND YAU-HEIU Hsu#

*Institute of Botany, Academia Sinica, Taipei, Taiwan 115, Republic of China; and ¥Agricultural Biotechnology Laboratory, National Chung Hsing University,

Taichung, Taiwan 402, Republic of China

Communicated by Paul Ahlquist, University of Wisconsin, Madison, WI, December 4, 1995 (received for review July 14, 1995)




Coexpression of GFP and DsRED in N. benthamiana leaves by using viral vectors (6 dpi).

Anatoli Giritch et al. PNAS 2006;103:14701-14706

©2006 by National Academy of Sciences | | g A ; E
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Plant Viruses as
for Materials
Use in Nanotechnology

Jiotemplates

and Their

Mark Young,'* Debbie Willits,!* Masaki Uchida,*?
and Trevor Douglas*?

'Department of Plant Sciences and Plant Pathology, 2 Department of Chemistry
and Biochemistry and the ? Center for Bio-Inspired Nanomaterials, Montana State
University-Bozeman, Bozeman, Montana §9717; email: myoung@montana.edu or
tdouglas@chemistry.montana.edu

Key Words

biomineralization, plant viral capsids, Cowpea chlorotic mottle virus,
Cowpea mosaic virus, Tobacco mosaic virus

Abstract
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Figure 1

Schematic representation of the three surfaces of plant viral capsid
architectures, each of which can be modified to impart function by design
reprinted with permission from (33)].

http://arjournals.annualreviews.org/doi/pdf/10.1146/annurev.phyto.032508.131939?cookieSet=1
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Nanoparticles based on rod-shaped plant viruses. (a) The genetic programming of viruses such as TMV through coat protein fusion allows the
construction of (b) novel nanoscale materials, such as immunoadsorbent particles containing Protein A fragments (purple). (¢) These
immunoadsorbent particles could be used in processes that require antibody (blue) capture. (d) Both genetic programming and chemical
conjugation allow the attachment of different molecules to the surface of the virus. Blue, green and yellow elements are additional affinity tags,
functional enzymes, enzyme (protease) inhibitors, etc.

www.sciencedirect.com Current Opinion in Biotechnology 2007, 18:134-141

Gleba et al., 2007. Current Opinion in Biotechnology 18:134-147
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The Plant Journal (2001) 25(2), 237-245

TECHNICAL ADVANCE

Tobacco rattle virus as a vector for analysis of gene
function by silencing

Frank Ratcliff'*, Ana Montserrat Martin-Hernandez' and David C. Baulcombe*
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A dual gene-silencing vector system for monocot and dicot plants

Wbet PRI CPRPE Ty 0 TRVHPID pHBepK I Mup )t

Liou et al., Plant Biotechnology Journal
Volume 12, Issue 3, pages 330-343, 28 NOV 2013 DOI: 10.1111/pbi.12140
http://onlinelibrary.wiley.com/doi/10.1111/pbi.12140/full#pbil12140-fig-0002
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Production of Japanese Encephalitis
Virus Antigens in Plants Using
Bamboo Mosaic Virus-Based Vector

Tsung-Hsien Chen’, Chung-Chi Hu', Jia-Teh Liao’, Yi-Ling Lee?, Ying-Wen Huang’,
Na-Sheng Lin™3, Yi-Ling Lin? and Yau-Heiu Hsu™*

" Graduate Institute of Biotechnology, National Chung Hsing University, Taichung, Taiwan, ? Institute of Biomedical Sciences,
Academia Sinica, Taipei, Taiwan, ° Institute of Plant and Microbial Biology, Academia Sinica, Taipei, Taiwan
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Geminivirus \ /

RBR - binding &3
protelns

Other

factors
Cdc2/CycD ?

Fig. 3. Model proposed for the interference of geminivirus proteins with the retinoblastoma-related (RBR) pathway. The G,—S transition in
plants is controlled, most probably, by -a pathway dependent on the retinoblastoma-related (RBR) protein which zssociates with the E2F-DP

heterodimeric transcription factorts). 'l<n. cycling cells, phosphorylation of RBR by a CDK—cyclin complex (Nakagami et al., 1999) is thought to
release active E2F-DP complexes required to activate G;-S transition and S-phase progression. S-phase-specific gene expression also occurs through

other mechanisms. Geminivirus RBR-binding proteins (RepA and Rep) would bypass this control by sequestering RBR from the ternary RBR-E2F-
DP complex.

Cellular gene expression

/—> Cellular DNA replication

_—> Cell cycle activation
O @ s GE&MON]IEV}SgS —> Cell proliferation
N > NAC - domaln dependent
v \ pathways

Host defense mechanisms

Plasmodesmata function

Fig. 4. Impact of geminivirus proteins on different host cell pathways. Viral proteins produced from the transcriptionally active dsDNA template
have effects on a number of cellular pathways, some of which are still a matter of speculation. See text for details.

www.ncbi.nlm.nih.gov/pmc/articles/PMC3056
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