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All viruses have few genes relative to their hosts. Viruses, thus, utilize many host factors for efficient viral rep-
lication in hest cell. Virus-host interactions are crucial determinations of host range, replication, and pathol-
ogy. Host factors participate in most steps of positive-strand RNA virus infection, including entry, viral gene
expression, virion assembly, and release. Recent data show that host factors play important roles in assem-
bling the viral RNA replication complex, selecting and recruiting viral RNA replication templates, activating
the viral complex for RNA synthesis, and the other steps. These virus-host interactions may contribute to the
host specificity and/or pathology. Positive-strand RNA viruses encompass over two-thirds of all virus genera
and include numerous pathogens. This review focuses on the importance of host factors involved in positive-

strand plant RNA virus genome replication.
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Fig. 1. A general scheme of positive-strand RNA virus replication
(adapted from Noueiry and Ahlquist, 2003). All steps specific to
RNA replication are depicted with solid arrows, whereas steps in
virus replication not in RNA replication are depicted with dashed
arrows. In RNA replication, all steps whereas host factors have
been implicated are in bold.
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Table 1. Host factors affecting BMV RdRp expression®
Gene Function/phenotype Gene Function/phenotype
SPT4 Transcription elongation SNTI Histone deacetylase
UMP1 Proteasome activator SOH1 DNA repair
DHH1 mRNA decapping, translation MCM16 Chromosome segregation
RPA14 RNA polymerase I subunit SCS2 Mpyoinositol metabolism
DOA4 Ubiquitin-specific protease LSM6 mRNA catabolism/splicing
PGD1 RNA polymerase Il regulation SPT8 Histone deacetylase
CBC2 RNA cap-binding protein RPL19B Ribosome component
ACB1 Fatty acid transport, metabolism SNF1 Protein kinase
GSH1 Glutathione synthesis OYE2 NADPH dehydrogenase
BUBI Protein tyrosine kinase activity OCAl Protein tyrosine phosphatase activity
GSH1 Glutathione synthesis QR18 Ubiquitin conjugation enzyme
SEM1 Exoctosis/cell cycle regulation PFK26 Phosphofructokinase
URE2 Nitrogen utilization SIF2 Histone acetylase
DOA1 Ubiquitin metabolism VID22 Vaculolar protein catabolism
STO1 RNA cap-binding protein GIM4 Tubulin binding/folding
PRS3 Ribose phosphate diphosphokinase DBR1 RNA catabolism
UBRI1 Ubiquitin ligase SKI8 mRNA catabolism/antiviral protein
PREY9 20s proteasome core o subunit MOG1 Nuclear protein import
SIwi4 Protein tyrosine phosphatase MNNI11 Mannosyltransferase/glycosylation
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Table 1. Continued

Gene Function/phenotype Gene Function/phenotype
MET13 Methione biosynthesis NEM1 Nuclear membrane/ER morphology
LGE1 Protein ubiquitination/cell size control DRS2 Phospholipid translocating ATPase
SEL1 Secretion regulation UBA4 Ubiquitin-activating enzyme
UBP6 Protein deubiquitination RCY1 Endocytosis, membrane recycling
RPN4 Proteasome and cell cycle regulation KTI12 Carbon utilization/toxin resistance
NEW1 ATP-binding cassette transporter NUP170 Nucleocytoplasmic transport

Oxidoreductase activity SKI2 mRNA catabolism/antiviral protein
HOS2 Histone deacetylase RSC2 Chromatin modeling
PAT1 mRNA catabolosm, translation GIT1 Glycerophosphoinositol uptake
BUD26 Bud site selection PBS2 Osmoregulatory MAP kinase
ELP6 Pol II transcription elogation

*Adapted from Kushner et al. (2003).
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T3 vlo]H L S o) WPHTh. BMVE B F31e,
Cucumber mosaic virus(CMV), Tobaco mosaic virus
(TMV)®} Tarnip yellow mosaic virus(tTYMV)S] 73, 3'
Tk HPA YR poly(A) F+ZAo] tRNA A
ZE ZH3 e o] {RNA FAMFER7} cis-acting RNA
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2= RNA 45 WA13HA EokCillo 5, 2002; Lin &,
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Table 2. Host factors affecting TBSV replication*

Gene Function/phenotype Gene Function/phenotype
GROUP 1 : Protein biosynthesis GROUP 6 : Protein-vacuolar targeting
MRPL32* Protein biosynthesis DID2 Protein-vacular targeting
TEF4 Transcription elongation factor GROUP 7 : Membrane associated

GROUP 2 : Protein methabolism, posttranslation modification

AROI Aromatic amino acid synthesis
BREI* Ubiquitin-protein ligase
DOA4** Protein deubiquitination
LGEI** Protein monoubiquitination
MAK3 Protein amino acid acetylation
METI* Uroporphyrin-methyltransferase
RAD6* Ubiquitine\ conjugating enzyme
SIW4** Protein tyrosine phosphatase

GROUP 3 : RNA metabolism

BUD21 snoRNA binding

CCR4 3’-5" exoribonuclease

KEM1 5°-3’ exoribonuclease

NPL3 mRNA binding

MSRI RNA binding rRNA processing

GROUP 4 : Lipid metabolism

ERG4 A24(24-1_sterol reductase

INO2 Phospholipid biosynthesis

MCTI S-malonyltransferase/fatty acid metabolism
TGL2 Acyl-CoA oxidase/fatty acid beta-oxidation

GROUP 5 : Vesicle-mediated transport

ARL3 Small monomeric GTPase

BRES Vesicle-mediated transport

GOSI V-SNARE activity/intra-Golgi transport
MCHS Transporter/membrane associated

PEP3 Transporter/vacular membrane associated
RICI Guanyl-nucleotide exchange factor

SNF7 Late endosome to vacuole transport

TLG?2 T-SNARE, v-SNARE/nonselective vesicle fusion
VPS29 Retrograde (endosome Golgi) transport
VPS4 ATPase/late endosome to vacuole transport
VPS41 Rab guanyl-nucleotide exchange factor
VOS9 Protein transporter/ER to Golgi transport

MSP1 ATPase/mitochondrial translocation
OPTI Oligopeptide transporter

SACI Inositol/phosphatidylinositol phosphatase
SNF4 Protein kinase activator

STE14 Isoprenylcysteine-methyltransferase
STVI Hydrogen-transporting ATPase

TOK! Potassium channel

GROUP 8 : General metabolism

BEM4 Rho protein signal transduction

COX1I2 Cytochrome-c oxidase

DSEI Cell-wall organization and biogenesis
GLO? Hydroxyacylglutathione hydrolase

GPHI Glycogen phosphorylase

HAP3 Regulation of carbohydrate metabolism
MSBI Establishment of cell polarity

PHDI Pseudohyphal growth

THI3 Carboxy-lyase/thiamin biosynthesis
YILO64W S-adenosylmethionine- methyltransferase
GROUP 9 : RNA transcription

CDC50%* Transcription regulator

ROX3 RNA polymerase II transcription mediator
SwWiI3 General RNA polymerase II transcription regulator

GROUP 10 : DNA remodeling, metabolism

ADA2* Chromatin modification, histone acetylation
DPB4 Epsilon DNA polymerase

HEX3 DNA recombination

HURI DNA replication

SAS3 Acetyltransferase/chromatin silencing
SIN3* Histone deacetylase

SLX8 DNA metabolism

SNF6 Chromatin modeling/SWI-SNF. complex

GROUP 11 : Function un

°*Adapted from Panavas et al. ( 2005).

*Similar (*) and same (**) host factors are previously reported for BMV replication.

S (Brownd} Gold, 1996), =L A} 727} W3R A
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Fig. 2. Schematic representation of genome organization of alpha-
like viruses (adapted from van der Heijden and Bol, 2002). &/A:

cleavage sites, : readthrough of a leaky stop codon, @: riboso-
mal frameshift.

vho] g 9] (+) ¥ (-) strand RNA Ao #ofdit
(Table 3). L % ribosomal protein Si= (+) strand RNA?|
EolA o g A% e F9E 2 A& W, EF-Tu
7] Sl Fe ulo]#] 2 (-) strand RNA Eo]|doz2 A
Rem o] o] (+) B (-)

g2 e ¥R 23
strand RNAZH o1%-& 294 743 7157 9ud

g+ Sloh(Fig. 3).
AR ] 2} npRA R

A Alphavirus P1234 B

QB (-)RNA synthesis
(+)RNA binding site

(+)RNA synthesis
{-)RNA binding site

Fig. 3. Schematic representation of the formation of replication
complexes specific for the synthesis of (-) strand and (+) strand
RNA (adapted from van der Heijden and Bol, 2002). Alphavirus
P123+ nsP4 form a complex that synthesizes (—) strand RNA. Tn
the replication complex of bacteriophage QP host factors play an
important role in (=) strand synthesis as well as in (+) strand syn-
thesis.

2 Zupolg o) BAFA F7 £ helicase-TAF =]
©1(HEL), guanylytransferase/methyltransferase-f-A} £ <1
(MT)Z polymerase-f-AF = 1(POL)SZ F4H o] Utk
(Fig. 2). 28y A EujolgiAe o] 714 & RNAY
2 71AL Zr=v), Potexvirus, Allexivirus®}t Foveavirust
e A Eulolg e 4$olE, 247t MT, HEL, POLO]

Table 3. Host factors required for RNA replication of bacteriophage QB*

Host protein

Function in phage RNA replication

Cellular function

Elongation factor EF-Ts

Not known, but probably functions as a complex with EF-Tu

Forms a complex with EF-Tu.GDP,
resulting in the release of GDP.GPT then
binds to EF-Tu and release EF-Ts

Elongation factor EF-Tu negative-strand RNA templates

EF-Tu.GTP complex binds to sequences near the 3’-end of

EF-Tu.GTP complex binds to amino-
acyl-tRNA and delivers it to the A site on
the ribosome. GTP is then hydrolysed

Binds to internal sites (S and M) in Q3, RNA.

Binding to S site blocks ribosome binding and translocation of
coat protein cistron. Binding to M site is essential for
replication. Essential for synthesis of negative strands on

Ribosomal protein S1

Binding of 30S ribosomal subunits to
mRNA. Possible helix-destabilizing
function in translation

positive-strand template, but not for synthesis of positive

strands on negative-strand template

Binds to an internal site and the 3’-end of QB, RNA.

Brings the phage-encoded polymerase subunit close to the 3°-
end of QP, RNA. Essential for synthesis of negative strands on
positive-strand template, but not for synthesis of positive

Host factor HF-1

strands on negative-strand template

Loosely bound to ribosomes. RNA-
binding protein. Required for translation
of p*

*Adapted from Buck (1999).
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