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SrFAEMPFEARRFE TREMR, HES TAYFRE AR E AT # THREENE
B, A4k, MEMIRMHERE -0 TH, WEXMRAHAR. Fit, WEEHH
SEEZEBHNEFTEARBIT S F#H. (LLERMYREY) JRESE R BELAEYR
BABL, FBHARFMRERGREFEA . AH000ES, LaiE+-HER
7, T TR ENS DR, FEEY RS S AR EN T ESERTER AR
BB HT.

HTRBEAERAERDN, 5T, B FEYENERTRETEEARH. B
RENTREZSA F AT BREANET SRR TR, HEIFS T ERH
C TRATTEEREFERIER. Fll, RESREY, HRHEAEEHEITE RNA B
RRVEIESE ., HYHRBEAMUEERSFFEREE, MAORWERSESEET (8
F, host) MMAHEIER (RIFREAE) B RS: B 5HMAMNEYRHRES L&
HRE B, WA 5 HF ERYR R h .

WERE—E (—PEl—MU D) KBENRS 7, BFEEERERR (BEEA)
MR ERET, HBTREENT THRNALE A SR . REMSHMEH
HTHFFIE: (1) FEEAEE A GERE DNA 8 RNA ((H ZF AL FeffFEAE) , BdEak i
B, MR R, THHREL (O 4, AR A (O 8, EETTUER
mRNA HF8E, MmARSREINEAR, (2 RAKRERATEASEEAER
ZAMAIZ () MR (polynucleotide), (3) HBAM R A -— U BB S T4
B, BT AT BERE o AL TE — - B A R T sl 2 IR AR B 4 T B T — kiR
(4) JREEFHNK/DERB L, THE 1~250 MAEFMNEAE., MRS EESE
fir TiX —FEFE A, afd 1~12 #ER TR, WEREMEORYEERTES .
INEEE MR AR 2N . RS LU AR BUTCE HES Y B L TR R R ThEE. (5) W
RABEE ., EFRRAE RPN, SR (BT SR SRR Y
. HAAXREmEAbn iR M T A4 T8 (recombination) . FFH H BRI EAL
(reassortment) , IRAEYE I ER . dHEMAEXIRB R FEFNA KRG 7MW
BEFF5Y. (6) R IR 4 4mA (il T 7R AE T R b MR R MR P . XSS i R B
5EBERARX. (D FERENESIEMR N RRE TS A RRER X 38 B 8 K
(viroplasm) H&4. (8) —EfESRERENEBE T FEAB ST FTEERAN
TREE. (9 DRORE N ERRE T H AR 2R E.

R AEL BRCRHE A, MEAERLT 44, a0 Tobacco mosaic virus (HHH
IR, BERN TMV); BEAMGESE (GR) £ “wvirus”, 1 Tobamovirus (MHEELLE
MEEER) ; ERBWEHE “virinae”, BIBWEHZE “viridae”, TIBBZ N EHE
“—virales”, HRETMARBSIHENLL LSBT, FEXNMALFHETE, WEEH.
B, FER, BRFHLZHEE, FEE- AN TFERFHRE, HENEMRAEKRE



FhE, BRIFEMEEHE SN, REMAETEE ALK S MW E 26, HOHHEM
DEREANFEMEL . WERAFH “virus” FE X “V”;, EKHE (viroid) BO%KS
A AN SRR BB AR, HA&DH “viroid” 5% “Vd”,

HYHREIMRT, RFSFEENLATFRE . SMUNHE S ILUE AL
ZHE D —FMRREARY, EIF S EREYBERERNT T,

TRFER PSR AR N R R RS R . REEOR & A R |-,
—MAIRFIERE (necrotic lesion) . #BEEBE (chlorotic lesion) TIRBE (ringspot), R%
FER B FEARAAE . FEH (mosaic) HBFIEE (mottle) . #B%% (chlorosis) . M 521w
. %4 (stunting) S5 (wilting), LIRIRIEZ,

TR R FBOEY A0 M B 40 M A M B0 A R R 2 A Ak, TELRL PN B B AR
BHRAMREEAONRE, HYRENT EHESASMEZ 0, QFEE LR
HENRADEAERH OIS, WENIRRERABHE EWEES, LR E
DERGZ%.

A H SN ARZMG Y R . Hit, SHRITERCE L L 48850 55 iR
BRI . WRE AT AN, FhTEH R CERER) UBMRFENWE. L
YiwEE TR A YR ER (FEY) NEREER (B, XEMEERE YT
heE A YRE ., FGEARRENRET A MY MR, YU RS B
B 7 W R A A Y R i AR O U AR AN P

VIR B RMEY AP HITES G, RESESREEL AT RREs. BE
WEHALEHS CAHRUEE), FEXRALPTHBHEYNEE., REHRREHS
Yl Hr IR SRS FHCHER =Y, XXX TR VR AR P R LR 8
EEMERZ OB WEEEEKTNEE T A RERANEN, ERF I /FE
MEHFME, WENBNIRFREME; FURERRETRENHS (0L
W DR BERREE I A TS /0 AL 4H 4P E TS A 4R A Y

HEMRCIRT R RS IEGERYREY RS IR LA™ E . TR TR
MR BN . A OERRE (viroid) SHEFEE (phytoplasma), BEMEHITH EEH;
fa & G HEBEAE Y IR IR B K/ NI RR S . LB I B — R R Y S R Th e
., BREREEIR RNA 8UatEsr+, AEBEMEAE, YEMBR/NKE EEH
(self-replicating) B8, HHIRIKEMYHEHF LY, RRAHMEERNIEZAEY. KT
TE (virus satellite) G TEKE (satellite virus) ST EEEE, HWEEKH TFHEE
%8 C(helper virus) #HTE#H. PREFERILHLA BRI EER; TEEMAOFESM
JEX W TLE RNA f1 DE DNA, HEZBS5HMBERW AR . Buite R T (DD
ERIR E THEH#REERANGL, NmSHEmEsEAFT5MAE. DIRNA S
DI DNA ] DA HoE A5G % B IR TR .

REARETEAREL L a, BRETFINITES “Fha”. GHMudY—
B, IREERHERERREARERNAMREN., HES R EREF LIV RELR
WERR (strain) . XFPNFERNERFEREFRBEENHE . AT, RIE@ALA
S 5EBAUSHE, SARREEHIFNRE, REREAEESIETEHNRERK
Bl JREAAEA R TIREBI A, Eid EHARR R EERR T LU A, Rt



B AAERE, A PRSEEHTEERNT L, BAORSERESHF L 5P Ee
. MBLASHT EAMNERE S T BRI (coevolution),

WY R ENERABRZARERDOEOIRGEY, BRIESFENRKRER
W REFURFBRORIEEGRBRNEN, PHEBEBRERNEN. —MHEANKS
BARIES A Bk, Bk (4D REMEW. SRk BAEIEHRE, ks
BEMWEMNERLE AN HRE., BEAN _+EENKHEENERERTHE
REGERERBEWIE R, SHFEESEMNAEARNEAR-RNAEE, BEOFR-BAK
HE, DR _HHEBFHEATEURE. HABRELNEXRBETS. E2%
RS WY LBEM T AR, CEREEE TR RENE, DRk
H 40 AE A B iE (envelope) .

RERENASHEREN S RENGER, X FREEE YN E S E TS RE
THEER WL ER ., BB IER At LA RAENAKR . REERAM S REF
FILL R Z TR R R A RA M REEE RN IR ENEA R, AEER
BREMELR (KEHEYREAEE), URFREERNAEH . FEEE~YMT.
PRHRFET EERNBS . TR EM LEASEREF EAMEERIENEMEOEK. W
FEEAMN S IX I &H HFAHFIX SR G TSN,

A RFRRPEFR LI 4 mRNA, DERAFRENERY. EZEREMFEE
X TIRBAIZIN R F (polycistronic) FEFLH A XA ZFRE, 105 5 ) LUK Fh 5K
B SLARIXLEPR S . 52 B F4E RNA 24 B8 3 0 555 58086 1 Bk 2 40
%, MREXTT mRNA M BIEA RS, DUELEE XRS50 S Rk MR RT
FHEREAM.

JREE FERHE Z B MR KB E S FAMBRAEE S, MRSt T 5
B 43 TR Al B AR BRI . A L 738 A0 W B A AL R B X — e,
Hsa B @1 FF AR R AL R SRR . [E SR EE AT SR aE ) RNA 8 R L
5 RNA RN BRI R SR E S RS8R LA &M CERERES. FIH
TR RESR I I I 5 RE A TR S Y R R VB R RN E  (pararetrovirus), F & il
5o kiRE (retrovirus) AL, HE -EHEER, MY 55 DNA REFA
AF £/ DNA E 4185 RNA BEA/8. ENMREN—FE AR A AN iE S
AEF) DNA 5 (S,

SR BB MR HITERARIEARE. EdEd, REEEASH
FEFAAME XL, R AERRE, M EMESRI AL RERAEREHEDN =
MBCh: NS, BRBHNMARGEE S, RYPREIC (infection unit, FHIEERAEE
MBRSEAZAH FEHRABNY KAREMREREASL, I SREEFHEES: K
7% S 2708 ot B a] % 22 35 30 Ao B b 8 8 1 (movement protein, MP), MP §
L AT EE N R E 22 M HEBH PR s 7 MRl i 22 P A . RAER S 5 MR (D
B EEREARERG; (2) HALH;: ) HAPLEHE EMIELTHEA
AEFHFE); (O RBPIEEHHS; &) EFREMNMYRT, NEEREETEE R
HEART PILRAR . S A 4R SR L R R B S R B U S R R R R 22 )
BEE R Bk FIEEEYREY (nmKkbesy) WIE-FER (sourcesink



flow) . FHEETEMMRIE N BRI RI5), W% ANBETEA S 4 440, Joa B 12 4L X 41 i
M AEEVER . PRIRMZASERD B RE TN, g E i, — SO () T
A, FABMIENERZ ., AR A 0 I PR 3 B A AR AR LA R X A e (it
oK) HmE,

TREE G HA LB A MM B E R R S TKE, HELFAEY T EEMELH
Mo XEOFRE TIREFEERRENO NS SR I, YR —F S g 5 FEAL
RN (1) SEB&ffE, (2) EHFAHEYE (non-permissive infection), (3) W42
Beo BOmRLE®E AIEFE (nonhost) Pidkmih — k4 BHSEENEED .
VPR R AR R PR G A I b, BB T HIARAI S22 R MEE L. BEREn
R TRAETEEH RN B 8IER B Chypersensitive response, HR), &%
PERBLATRER B TR H BB R M AT B HES0EE (RAMHESH, SAR), WK
TR B RONI I SAR iR72 54 3T E s A B R Y0 SAR R AR, RS F MR
R Z 5 TP R I RBP4, ME RNA B L HNE TR EZENRE
B, AFEPRTEZE AR A EER, REEER R R Y R A R > F
B,

RNA VIR “IME” BN T B T A%, K45 RT3 LY
B RERGE. FEH LREMNFRFRMY LW REZ M MAHEERBTRESYE
MESAERFIE EERET . %0 TRSEZ M RNA (dsRNA) B35, dsR-
NA BHIFEIB/N RNA 43F, /) RNA SCHE ] [ IR 19 RNA 4> R i, 78 EA% 4
FAE PR EZR dSRNASRE: (1) KEKRE., HET. BEEARREEFNELR
XY dsRNA, Z1f il T/ B/ 3t RNA (siRNA)Y;  (2) R5E4L B3 % RNA
(microRNA, miRNA) ¥JRFEZY (primiRNA, #F A H FEFEH T EFEEX &
AT T, M TERXER mRNA, BHFENELET. dsRNA I THE =4
wi, HAPFEE—A LR A AT 7] LUK dsSRNA H1%), 4% siRNA 8 miRNA
6 H MR A9 mRNA 53 R . =424 3135 mRNA IR .. mRNA 5893
W LA B % M) (transcriptional repression, A] fig B siRNA 5% 1 DNA B # 4k 5 4
CEREHHTEO . 4%t RNARERBT TN — BT84 %1%,. 40 DNA K
HIBT TR R — B R AT 5 — FEE = iR 4%, AN RRE ¥ B miRNA FIFH. 7EHY
. DI R4 RS 8L, H AR B RYLATHY (infection front) %) ik B3 30
Bi TN . IR DT MG T A ST AR H TR dr. LMY SERaY
HIR B A IR H R 4.

VENZWEHF LY, WA RB T fE A Y 5 % 7 B & AR Rl #1745
. MY E S AR — R A A AL RS . Sk B A R R R T R LR
WO N EBHED . SRS T BERERERATELMEE. 9N
KEFBETEMDIY (TR Ld) . UREEMEA4EY (protist), 7F B R
., BMHEYREEY REd ER TRz -7 EE, YRS AN HRES
FERAEN, HEMHEEH, YRS SHERNMEERHMERMEE. (D
AEFREAME (nonpersistent) B 4HEREHE SR BM OB TN, (2) #HA MK E
Ccirculative) SR LR BMBEESAME ., REHANERE, 858N IHEY



e RMEBSNEER (AREAHLMKRERER>~Y) 25K 5B AU RE LM
HEMNMEZ BB ELE,

HEYREERLTE—-TEENNE, 2% SR8k, Eit, AVETH
RAARBERE TR ENRLE, WEREML. DTERY B, RIS 5 5
fi. FE TS ERE R A VOR EE R, Bt YR . RS
SRREE., AKNZHIBAR FEREFRENE MRS, WEFER EFEREN RS
BISPEEH, FTHRAHRSB AR N (PCR)Y HTFRNRSNZE. LD
YN EREYHRFER TP REENEEZ —, EfSIEWNER AU FEEME
A, FEZHY HEERS. MYRERTE AN MR T AEFERZEES XS
4.

AT WREYR R RMEY S E K %, AT A SR . SEmEyRn
R A AT B AR By . R AR YL . BHIEAMAR . P YIRS URE . BIRIRE a
ERZBRAE, Hlan, FIREHWAREA R, EBED, WRRARMER K, RERE
Tl S B MEA B A AR R TR A E A R . T AR e B 0 55 Mk 2R R A {8 AR
Bl—ERENRY, WEREEKRRRNGEE GEEMEPER) . HREXT 2E ALK &
FAEMA B E L, FURB M N BRI, (EIREREREZ L RS
FEAME B RR ) 7B AR ML BR i A

F R TREAR AR Y G52 50 5 142 4 LUKRI R w851 R 22 IR 800K 07 T TT R
THR®EE. RS E AWERITTIRE FREERA . HSREEANFFIR
TR BERNEREA, ERFFIALIF] % RNA TTERBE TR

FREYIRFE RIS 30 F MBI R T BB T KM BN EE S AEY S . WEA
RERALTHRE (CaMV) B 35S Esh TREN ZNATHEYERN THE. EdEETHE
EAEHEYREN IR E S RN TIYR TR RN (epitope, BIPIHREHE) A
KA B, TERBIBEGEETR (VIGS) i, ¥HEKEFFEARERZHASA, &
i RNAJURERSF E P RIEEHETIER, T EASuR (SeERKT
g8 EHEAH.

ABEELA - $/R (Roger Hul) - EEFEZEYRFEFRER, KIBLE
RETEERE ACTV) £R, BREARKEMNRE, R KFMEERKFRRER
2, WEAY - LEHPR P L (John Innes Centre) SEEHITHA ., MR LW A1 IK
H, YR ERRHE. BRENAEY L EN ST THFARZR. e —Nhk
TEME, BlE . R RS KM SEE,

/R IE L 1960 FE Y T R4, 1964 FEAEMBRFREE 07, 1965 4, i
BIGIMHR IR AT LAE, R T —RIUE SR 0 £ WY 3B M AL WAL e PE . 7E 1968 4R
Py - FRHER . SR EIEAEHBXAEMRENERNFELSS RE RN, X
RE—-THIERA YRS, MERERAEEREARERRER, H—-HS
5y o RS ASE. EIREI  E IF EL TE (BSV) WEREAREHT
HEFWRAAS, 7 AFLEFE R BSV SR EHIUIEHSRFZEEES
BT W B AR Y (episomal infection), BIMNEHEMFEALSPEFH TERNE. X
WEREHEYRET I F RN E XA,
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Preface

This book has been developed from and is
a revision to Fundamentals of Plant Virology writ-
ten by R. E. F. Matthews in 1992. Since then
major advances have been made in the under-
standing of the molecular biology of viruses,
how they function and how they interact with
their hosts. This has revealed similarities and
differences between viruses infecting members
of the different kingdoms of living organisms,
plants, animals, fungi, and bacteria. In this
changing environment of teaching virology,
this book does not just deal with plant viruses
alone but places them in context in relation to
viruses of members of other kingdoms.

This book has been written for students of
plant virology, plant pathology, virology, and
microbiology who have no previous know-
ledge of plant viruses or of virology in general.
An elementary knowledge of molecular biology
is assumed, especially of the basic structures of
DNAs, RNAs, and proteins, of the genetic code,
and of the processes involved in protein syn-
thesis. As some of these students may not have
a grounding in the structure and function in
plants including the main subcellular struc-
tures found in typical plant cells, these features

which are important to the understanding of
how viruses interact with plants are illustrated.
In each chapter there is a list of further reading
to enable the student to explore specific topics
in depth.

The fifteen chapters in this book can be
divided into four major sections that form a
logical progression in gaining an understand-
ing of the subject. The first four chapters intro-
duce plant viruses describing: what is a virus,
giving an overview of plant viruses, discussing
other agents that cause diseases that resemble
plant virus diseases, and considering factors
that are involved in virus evolution. The points
raised in this latter chapter are equally relevant
to viruses of other kingdoms. The next four
chapters deal with what viruses are made of.
The chapter on virus architecture and assembly
is also very relevant to viruses of other king-
doms as are the major points raised in chapters
on plant virus genome organization, genome
expression, and genome replication. The next
section on how do plant viruses work is more
specific to plant viruses and highlights differ-
ences and similarities between virus interac-
tions with plant, animal, and bacterial hosts.

xiii



xiv

These interactions are described at the plant
level (movement of the virus within the plant
and effects on plant metabolism) and at the
molecular level including a chapter devoted to
the newly understood host defence system of
RNA silencing. The last four chapters deal with
plant viruses and agriculture and industry. The
description of how plant viruses move be-
tween hosts which often involves specific
molecular interactions leads into discussion of
the epidemiology of viruses in the field and
how they are controlled. The last chapter is on
the use of recombinant DNA technology in
controlling viruses and also in using them com-
mercially in, for instance, the pharmaceutical
and nanotechnology industries.

A unique feature of this book is a series of
“profiles” on 32 plant viruses that feature in the
text. These profiles describe briefly the major

PREFACE

properties of the viruses including their taxo-
nomic position, their biology, their particles,
and their genomes. References are given to
enable students to acquire even more informa-
tion on these targeted viruses.

[ am very grateful to a large number of col-
leagues for their helpful discussion on various
topics and in providing material prior to publica-
tion. [ am especially indebted to John Carr, Andy
Jackson, Mark Stevens, and Peter Waterhouse for
their helpful comments on various sections of the
book and on providing illustrative material. My
eternal gratitude goes to my wife who has
tolerated “piles of paper” around the house and
who has given me continuous encouragement.

Roger Hull
Norwich, UK
July, 2008



3’OH
A
AAB
DPV
ADP
AR
ATP
c¢DNA
CI
DdDp

D RNA/
DNA

DI RNA/
DNA
dsDNA
dsRNA
EDTA
ELISA

EM

ER
GTP
GM
HC-Pro
HEL

List of Abbreviations

3’ hydroxyl group

Angstrom (107*° meter)
Association of Applied Biologists
Descriptions of Plant Viruses
Adenosine diphosphate
Aberrante ratio

Adenosine triphosphate
Complentary (or copy) DNA
Cylindrical inclusion
DNA-dependent DNA
polymerase

Defective RNA or DNA

Defective interfering RNA or
DNA

Double-stranded DNA
Double-stranded RNA
Ethylene diamino tetra-acetic acid
Enzyme-linked inmuno-sorbent
assay

Electron Microscope
Endoplasmic reticulum
Guanosine triphosphate
Genetically modified

Helper component protease
Helicase

HR
HSP
ICR
ICTV

IRES
ISEM

kb

kDa
LRR
Mab
MP
mRNA
MiRNA
MTR

NBS
NI
nm
ORF
PCD
PCR

PDR

XV

Hypersensitive response
Heat-shock protein
Inter-cistronic region
International Committee on the
Taxonomy of Viruses

Internal ribosome entry site
Immunoabsorbent electron
microscopy

Kilobase

Kilodalton

Leucine-rich repeat
Monoclonal antibody
Movement protein

Messenger RNA

MicroRNA

Methyl transferase

Molecular weight

Nucleotide binding site
Nuclear inclusion

Nanometer

Open reading frame
Programmed cell death
Polymerase chain reaction (IC-
PCR, immune-capture PCR; RT-
PCR, reverse transcription PCR)
Pathogen-derived resistance



xvi

Pol

PR
(protein)
PRO
PTGS

Rb
(protein)
RdRp
RF
RFLP

RI
RISC
RNAi
RT "
SA
SAR

LIST OF ABBREVIATIONS

Polymerase
Pathogenesis-related (protein)

Protease
Post-transcriptional gene
silencing
Retinoblastoma (protein)

RNA-directed RNA Polymerase
Replicative form

Restriction fragment length
polymorphism

Replicative intermediate
RNA-induced silencing complex
RNA interfering

Reverse transcriptase

Salicylic acid

Systemic acquired resistance

SDS-
PAGE

SEL

Sg RNA
Si RNA
ssDNA
SSEM

ssRNA
TAV
TGB
TGS
tRNA
UTR
VIGS
VPg

Sodium dodecyl sulphate
polyacrylamide gel
electrophoresis

Size exclusion limit
Subgenomic RNA

Small interfering RNA
Single-stranded DNA
Serologically-specific electron
microscopy

Single-stranded RNA
Transactivator

Triple gene block
Transcriptional gene silencing
Transfer RNA

Untranslated region
Virus-induced gene silencing
Virus protein genome-linked
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