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ABSTRACT

This class discusses the fundamental
aspects of virology and its importance to
mankind in a brief and articulate explanation
of this newly originated science. The course
highlights the general morphology, genetic
structure, function of viruses as a Vvital
starting point for knowledge of virus diseases
and gene transfer technology. Lectures will
underlie the principles and application of
Recombinant phage DNA technology in
pharmaceutical, and biomedical fields.
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University Press, 2000).

Carter, J., Saunders, V., & Saunders, V. A. (2007). Virology: principles and
applications. John Wiley & Sons.
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Class (-viricetes)
Subclass (-viricetidae)
Order (-virales)
Suborder (-virineae)
Family (-viridae)
Subfamily (-virinae)
Genus (-virus)
Subgenus (-virus)

Species

bl sl o) sl Ay A G pall Jiay g i) ol ()2
one single ) casuai a3 Y+ VA ale 4l el 4l Cus ddias e (Families) di sl et 3
phylum, two subphyla, six classes, 14 orders, five suborders, 143

.(families, 64 subfamilies, 846 genera and 4,958 species
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:Baltimore classification ostu! o didal) ;L
Nave ale Bigis s Je s 3 David Baltimore S ¥ altadl ) dans Caviatll 138 3 523 Cua
i 5 o Toldie ] gaalae Arps (8 Lgraia 55 Clas s ) sl Axtiall iy il 5 Guas) s YAV e i
Single or ) L 3l 4e 5 ((Replication method) —ielaaill 44,k ((DNA or RNA) 4l 5 salll
positive or ) ddiaall clis gl #lul 4 WS (Sense) pasiwal by il 0 Ly (Double strand

:(negative sense

I: dsDNA viruses (e.g. Adenoviruses, Herpesviruses. Poxviruses)

II: ssDNA viruses (+ strand or "sense") DNA (e.g. Parvoviruses)

[ll: dsRNA viruses (e.g. Reoviruses)

IV: (+)ssRNA viruses (+ strand or sense) RNA (e.g. Picornaviruses, Togaviruses)

V: (-)ssRNA viruses (- strand or antisense) RNA (e.g. Orthomyxoviruses,
Rhabdoviruses)

VI: ssRNA-RT viruses (+ strand or sense) RNA with DNA intermediate in life cycle
(e.g. Retroviruses)

VII: dsDNA-RT viruses DNA with RNA intermediate in life cycle (e.g.
Hepadnaviruses)

(S—RVITOCE 3 GmiCicaiclle . —

R R | ) ) ) ) )
MAGBOHOGC PAVAYAY 4 AVAYAYAY Pave . | Moot /S

~ : 2 3 '
Genetic material present in the virion

Group| Group I Group lll Group IV Group V Group VI Group VII
BBOGOOBOBBC NN/ BOGOGOGOAGC ININSN. NSNS NN\ S\S DOOCDU\
DNA(+/-) DNA (+) RNA (+/-) RNA(+) RNA(-) RNA(+) DNA(+/-)
l l Reverse
transcription
BOGOGOBGC NSNS VAVAN . VAV AV AV 4
RNA(-)
DNA(+/-) Reverse
transcription
l VAWAN (% |
Y
; BOOGOOO0aC
INNIN\S 4___//
mRNA

)

proteins
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1- RNA viruses:

Virus Famil Examples Capsid Capsid Nucleic acid Gr
rus Family (common names) naked/enveloped Symmetry type oup
1. Reoviridae Reovirus, rotavirus Naked Icosahedral ds 11
Enterovirus, rhinovirus, hepatovirus,
9 i | S, ER AN, 2 B, Naked Icosahedral ss \Y
parechovirus, erbovirus, kobuvirus,
teschovirus, coxsackie
3. Caliciviridae Norwalk virus Naked Icosahedral Ss 1\
4. Togaviridae Rubella virus, alphavirus Enveloped Icosahedral Ss v
5. Arenaviridae Lymphocytic choriomeningitis virus Enveloped Complex ss (-) Vv
L Dengue virus, hepatitis
6. Flaviviridae C virus, yellow fever virus, Zika virus Enveloped Icosahedral Ss v
Influenzavirus A, Influenzavirus
7. Orthomyxoviridae B, Influenzavirus, isavirus, Enveloped Helical ss (-) \Y
thogotovirus
Measles virus, mumps
8. Paramyxoviridae . wrus,‘ resplratory' syncytlall Enveloped Helical ss (-) \'%
virus, Rinderpest virus, canine
distemper virus
» California encephalitis .
9. Bunyaviridae e e TG Enveloped Helical ss (-) \'%
10. Rhabdoviridae Rabies virus Enveloped Helical ss (-) \'
11. Filoviridae Ebola virus, Marburg virus Enveloped Helical ss (-) \'%
12. Coronaviridae Corona virus Enveloped Helical Ss v
13. Astroviridae Astrovirus Naked Icosahedral ss 1\
14. Bornaviridae Borna disease virus Enveloped Helical ss (-) \'%
15. Arteriviridae Arterivirus, equine arteritis virus Enveloped Icosahedral ss 1\
16. Hepeviridae Hepatitis E virus Naked Icosahedral ss v
17. Retroviridae HIV Enveloped
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2- DNA viruses:
. . Virion Capsid Nucleic acid
Virus family Examples (common names) naked/enveloped | symmetry type Group
1. Adenoviridae G?: : UL, R CEID =R FHS Naked Icosahedral | ds |
., Papillomavirus, polymaviridae, simian .
2. Papoviridae vacuolating virus Naked Icosahedral | ds circular |
3. Parvoviridae Parvovirus B19, canine parvovirus Naked Icosahedral | ss Il
Herpes simplex virus, varicella-zoster
4. Herpesviridae | virus, cytomegalovirus, Epstein—Barr Enveloped Icosahedral | ds |
virus
Smallpox virus, cow pox virus, sheep
5. Poxviridae pox virus, orf virus, monkey pox Complex coats Complex ds |
virus, vaccinia virus
6.Hepaanaviridae | Hepatitis B virus Enveloped Icosahedral QI Vil
-rep p p partially ds
7. Anelloviridae Torque teno virus Naked Icosahedral | ss circular Il

binomial ) u_a\..\ﬂ\ Aandll eUas 458 a2d%) L;M\j Y4¢A ole Holmes alldl ) caviiatll 138 3 gay Cua

:Holmes classification gsbu! o cisiall) ;G

s Dl g plal) Catia agle 5 ol ldll caiatl Carl Linnaeus’s aladl Jié (s @il (nomenclature

e Group I: Phagonae (attacks bacteria)
e Group lI: Phytophaginae (attacks plants)
e Group lll: Zoophaginae (attacks animals)

st 5 Al oA Jilall e Talaic) 5aa) 5 435 ) Cpana () 5S5 aalane 433

:LHT system of virus classification s izl Cisiail) sl
138 adiay il s lall Cania’ i 50 (Lwoff, Robert Horne, and Paul Tournier) slalsl o8 il
DNA or ) usSs s (nucleic acid) 481l saldl dpe 55 Jin Sl 5l 5 Shesll Gliall e Caiall
ax sl 355 «(helical or icosahedral or complex) (symmetry) s sall bl 4e 53 «(RNA
A gl Slas gl sae ) Aila) (capsid diameter) Adaisall jhi ((envelope) <l 3
Provisional Committee on ) J (e Y4TY (8 Caiaill 13gy 33V o5 ail ddaisll 48154l (capsomers)

(Nomenclature of Virus (PNVC) of the International Association of Microbiological Societies
: IS S Al
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e Phylum Vira (divided into 2 subphyla)
e Subphylum Deoxyvira (DNA viruses)
o Class Deoxybinala (dual symmetry)
e Order Urovirales
o Family Phagoviridae
o Class Deoxyhelica (helical symmetry)
e Order Chitovirales
o Family Poxviridae
o Class Deoxycubica (cubical symmetry)
e Order Peplovirales
o Family Herpesviridae (162 capsomeres)
e Order Haplovirales (no envelope)
o Family Iridoviridae (812 capsomeres)
o Family Adenoviridae (252 capsomeres)
o Family Papiloviridae (72 capsomeres)
o Family Paroviridae (32 capsomeres)
o Family Microviridae (12 capsomeres)
e Subphylum Ribovira (RNA viruses)
o Class Ribocubica
e Order Togovirales
o Family Arboviridae
e Order Tymovirales
o Family Napoviridae
o Family Reoviridae
o Class Ribohelica
e Order Sagovirales
o Family Stomataviridae
o Family Paramyxoviridae
o Family Myxoviridae
o Order Rhabdovirales
e Suborder Flexiviridales
o Family Mesoviridae
o Family Peptoviridae
o Suborder Rigidovirales
o Family Pachyviridae
o Family Protoviridae
o Family Polichoviridae
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s yiladl)

g yal 281 1 Al ol 5 alell 50 3 g AL A g il e £(2337) (e (i sl ale
A sl

Crawford, D. H., The Invisible Enemy: A Natural History of Viruses (Oxford University
Press, 2000).

Carter, J., Saunders, V., & Saunders, V. A. (2007). Virology: principles and applications.
John Wiley & Sons.
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il g ) gadg yilSS
:(The viral life cycle) clw gl Sla 5 93

3 Al gaall) Lge ) il (DAL il s 3lal) aas (o)) A8 il jualaall (e aslee 58 LS
ALl 5 (s g pdll JISE Jal (e (Camdaal) LDIA) Lall UDIAN e aaied (Cllal) ol 2l
pal aal O Cun Baaa Ay gy il s e Jgeanll JAT ey ) ddliall 4 geal) cillladlly
A ) sl adiale Caeliaill 4 ) 5 pucall il 30U 4Dl ade o8 s il Al clicall
Adliaall g gyl G 5S4y ) 5 pacall LI 4SOl a2 ) AL (viral replication)
3 hanally a gy (sl 8 Galal) 138 e 5 (virus particles) os sl s oLl da 330
ol 13gd 4y 55 pall (host cells) Cauiaal) 4018 5 jeal 4aa 53

OsSs (bacteriophages) <lilald AT ) g o (e la JiISE a8 g0 A il g ldl) Caliag
el ol ges A (prokaryotic cells 315l 4l 4,0l adall o 530 gilu 8 la HSS
851 & b IS ) S (eukaryotic cells) 81 sl A lalsll cuat ) 5 &Y ¢) 5
Adal)
3 5l Aty Ciiliaa (B il g ) Blia 3 ) 90
(The life cycle of viruses with prokaryote hosts)
e Sar ) a0 all A e (T-even phage and lambda phage) s
Gl ASE Ja) e Al oy o) U WAY G g il 3 il s i) SIS e il LA
Caaill LA (e Sy Al ilalls iadll (e de sene 48 20 e Y (bacteriophages)
(s OsSidl Gug il g g e
:(virulent phage) gaeall Sl -1
Cige i oy Aulal] Elaal o GLGN 41y 5 51 ) dda el 531 ) Jias s
(cell lysis) aall Jidas 505k e 4y i) 408l

:(template phage) <ésall 5 audll Sl -2
Al ) ol aiale rlenily Al jar ye (gsSs Cua Slall 0 65 e Aadan gl Als pall Jiay 8
48y (oSl A O Apan ) i gyl 0 ¢SS A ja (A9 Cinaal) AR 4 gas ga g S ae

el e ) 3al
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:(progeny virus) gl Sl -3
i)y 0 salall g Al il g jall e JWiS) dmy o sSiall Jiladl (e 5 jle ad s
DY 5 Al Adal) Jilas e LN 41 (5315 ueal) el SN B3R 5 Jilal

B 3lba 350 sall (AT LA )

:(Attachment) Gl ;¥ i

O Bloaill s (ol o et 5 e g bl Bln By 90 8 (V) Als jall et Caa

Jie (receptors or/and co-receptors) 4ol sl A i ) OEL ey gl
oyl A =l e 8355 54 (lipopolysaccharides and OmpC protein)
Gk e 05K Bl Y 13 () gl da adi () S duleal) 228 )5 (hOsT cell surface)

LAY D90 Nna g g A e 4 Al Glaliiie e e g ) (i pas
:(penetration) Jsall Ll

4l )l sallll (penetration or injection) cis 5 Jaa) Ada jall oda B2 S
s I (cell wall) LSl Bl Jlans 15550 Jodl) Aiaie 4les (o sk o Jlally Lalal)
L) oaa gl JSAN 8 LS 4 Sl Al o HA el s o) ol A8 o8 ae Ada) 4 30
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DNA
Tailtube

Long tail fibre

Base plate / © . > " ©
Lysozyme compléx

Protein needle

2 o 4
] ,a. a
' §
Lipopolysacharides— > . . 2 3¢ N )

Peptodoglycan 7)'—-“ =S =/

Cellmembrane §
v

Receptor:

:(Biosynthesis of phage components) 4dlidall Jlal) il g auiuas ;UG

0SS Al (endonucleases) Cla 3V i i85 Al jall oda (& b Cos
lee 3l A5 (T-even phage) Als & 4 il 2alall o gy wigag S anhaail 4y 5
p—w 509 S xa JAIXT A )4l 483l o8 (lambda phage) 4 & Wl (Iytic cycle)
Al Je 200 &ia 5 ey (lysogenic cycle) e s Leandant (53 4y Sl 45180)
Al 3 e Al dea yiy Flusiul g (prophage) (Sl ialaldl 4 ) ) saldl dieliaa
capsomeres, sheath, base plates, tail fibers, and ) 45 —all Slisiy
(assembly) amesi e Gigan Mg ug il o) 3al 48 cp < (viral enzymes
GsSE s Ala pall oda & SO puall ey Bagas clile ZLEY GlSall o3 gl
A 550 5,800 ) 8 e W siane (5Sy 535 Als yall 038 4y 3 (polymerase genes)
i gy Loa pad iy ) A o) s (A Ol iy e 0S8 433U (MRNA)
Als i sl JAl 5l o &5 (capsid and tail) crsSs oo A s el
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:(maturation) sl cilu g il adg & bl slayl

ok M5 (new virion) Sl ¢ ja) aaead s 068 JLaiS) s ) o2 8 oL Cusa
A LA Cuald (holin or lysozyme) Gk oe z )il e sad 5l 483Ul

Al o2 8 Gdeal) 038 oty (HOXIN) Apadl Adm Jio By i€l 48U 551, Bl
8 maall cileall e 223 Al (lysogenic conversion or phage conversion)

.(Vibrio cholerae, Clostridium botulinum) ¢ Sl (e 5l

bacteriophage
host

bacterial cell phage DNA

host DNA

4

-p

@ Attachment @ Penetration @ Biosynthesis @ Maturation Lysis
The phage The viral DNA Phage DNA New phage The cell lyses,
attaches to enters the replicates and particles are releasing the
the surface host cell. phage proteins assembled. newly made
of the host. are made. phages.

The phage infects The phage DNA The cell divides, Under stressful conditions,
acell. becomes incorporated and prophage DNA the prophage DNA is excised
into the host genome. is passed on to from the bacterial chromosome
daughter cells. and enters the lytic cycle.

l

LA
@h\«g‘_ ﬁm@{”ﬁ; o

The cell lyses, releasing New phage particles Phage DNA replicates and
the newly made phages. are assembled. phage proteins are made.
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(@\3,3;1\) 36l Ai 8 L.ul.maua Sl g ualal) Blaa 3 90
(The life cycle of viruses with animal hosts)

S Bnaall AR (e Ll A (HIV, HSV, and MHV) <l s il (e el llia

) 55Y1 oda ()b dale 35y LA (e g i) 8 el g il SISE e aeil) LINA (e oSy

attachment, penetration, biosynthesis, ) Lir—ue La ,S3 &5 i) Joal pall (i aiis

salall caclzai s (penetration) Glaail¥l i dxdiall 41 o) Y1 (maturation and lysis

4dliae o 5S5 (virion release) Slw s il s (nucleic acid biosynthesis) 4515l

(= (endocytosis) Gk e 0SSl ylall oda Jsaa o) a4 iSOl Gl Ul e

(membrane fusion) s ze s& Lay (u s ldll Oe pa d1ad) (a3l 1 il ) Lol ) J3la

o yry (g2l 5 LA (e dal 5 £ 58 Caray Gl s il e a5 6 53 O 6l Apaiadi 4 a0

s B Ssal daall o) Elaall dail WA cavay (poliovirus) of s (tissue tropism)
=il Sleall LIS canay (influenza virus) o

s 5 el o3 (pa 15l llin Gl Al gaad) s g ylall 50 ) sl Balall Caclual (ym gaady Ll

OY @llag ,al il 2% Ll s (DNA to RNA to protein) Jiciall alsie V) jlwall o ¥

S Clu g lall A s (sSDNA, dsRNA, or ssSRNA) ellia il s il (e ) 5391 028

nucleus |nﬂuenza virus

% , epithelial cell

Attachment Penetratlon @ Uncoating
Influenza virus becomes The cell engulfs the virus Viral contents are
attached to a target by endocytosis. released.
epithelial cell.

Release Assembly @ Biosynthesis

New viral particles are made and New phage particles are Viral RNA enters the nucleus,
released into the extracellular fluid. assembled. where it is replicated by the
The cell, which is not killed in the viral RNA polymerase.

process, continues to make
new virus.
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SaSall Jay -l il ) ddaall AN ey 3l 4n 53 Leild (SSDNA) (& 415 Liske 058
Gl g pall Zly galdie W) HLwal) ¢ Lol Laday o588 5 e (ASDNA) o5 s 0¥ Ly 31
EE @lligh (RNA) £ 55 ce s il 430 5 sl saladl ()55 Lanie 3 Lal g nldl) ¢l 32y ALl
thﬂ
A5 (RARP) dalendl o8 e g s—ssall @y 33V e g pldl) adizy Cus ((dSRNA) - 1
el o liaY 2231y Gy )5 (+SSRNA) 0258t (S (ASRNA) a3t
(S AY) g5 ) ZUY LA 4 g
B Bl By pean a3y (5l 5 :positive (+) single-strand (+ssRNA) -2
Al 5l 4 Shall Ll
e ol 2 aiay &us negative (—) single-strand RNA (-ssRNA) -3
Sl QILES (-ssRNA) pasiy 535 (RARp) daleall 028 e J g 5—usall a3
OAY) i gl LY LR o g gl ) Aaad 50 BaY 23350 Ca g 5315 (+8SRNA)
S ahadally ais gof LS

RdRP

> host ribosomes
—SsSRNA +ssRNA [Viral proteins]

RdARP

RdRP = viral RNA-dependent RNA polymerase
+ssRNA = positive (+) single strand
—sSRNA = negative (—) single-strand RNA

m ¥ Jasd (HIV) dis (retroviruses) <l s ,ildl a3l ) 5l salall Cacliad () Jas o} aal

oo soke s M5 (CDNA) e Je Jwxy (reverse transcriptase) <o p=la

LAl o s ga 5 S ae Jalayy )5 (ASDNA) gaiaal &3 05 (+8SRNA) plaainly (ssDNA)

EaY aadiy Cogu (g2l QS o & (provirus) Alall sds 8 ey g3l 5 4ie ¢ 328 masall
oLl JSa) 8 LS o AN i gl sy ddaud o
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HIV fuses to the
host-cell surface.

HIV RNA, reverse
transcriptase, integrase,
and other viral proteins
enter the host cell.

gp120
CD4

integration
coreceptor \ \ pen
(CCRS or / complex
CXCR4)
Viral DNA is
Host immune cell formed by reverse
transcription. )
QD ’ — viral RNA
- - reverse
S Viral DNA is transcriptase
= transported across the . o
nucleus and integrates |- _./-I—'
# | into the host DNA. S N l
5 :
- / integrase
eee® \ o Y @ viral DNA
rovirus
\ P B
\ "\_\(L host DNA
Mature virion N (]
S J ’\A 7 new viral RNA

New viral RNA is

used as genomic RNA
and to make viral
proteins.

The virus matures
when protease
releases the

proteins that New viral RNA > .._,
form the and proteins move ...5‘\ 5 2
mature HIV. to the cell surface >’ ~ O

and a new,
immature HIV forms.

40 Cailaal) 8 il g yuldl) Bl B 90
(The life cycle of viruses with plant hosts)

O oSy b s ) o G cs AY) £ Y) Ahy (e Al g plall 3K 5 g0 Calias Y

Balall e Ledl gial I 48 _x) (non-enveloped) 4das e 5l (enveloped) ddlaa () oS3

0 0S5 e adaall Al () W) Cilap il udi ae (RNA or DNA) Ll o585 5 4350 )l

citrus tristeza ) Lale ALY (o5 (+8SRNA) ¢ sl dlicia (55 Lail 5 (DNA) e dosla

JEiE () oS XS Lila A2 35k Cua (e W) (cucumber mosaic virus) s (virus

(fungi, insect) &b oo ) Claaall Sl xSl Jai¥l 3a sk e JA) ) Gl o
ASiSie 5ok e el I L
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(Viral growth curve) <lu g glill gai Jsia
.(sigmoidal curve) Lelsl aaal clliy saill inie Cam (e b3S e il sl Calissy
@5 (eclipse) 4l Alall cilu 5 il Lla) (inoculation) 1Y) s yall b a3 s
GLIES) e 5,0l ane Ay graa N 555 Gl shad (e Ly La g Al ) G g pldll J i Jiay
Dl Qs ey Cus sl s & BN (58N Jiay sl (burst) & (e sl
burst ) seill cse 3 AN Ala sl Jiay (35 s 305 b gl o yat s ddpaall 4180
Ja e (S Al (siZe

o

@ Burst size: number
of virions released
per bacterium

@ Burst: host cells release
many viral particles

@ Inoculation: inoculum of
virus binds to cells

Eclipse: virions
penetrate the cells

Logarithm of number of infectious virions

Hours

s yiladl)

T o) ALeal) | 1590 Gl culaall s alad) uill 3 g Ll aals ilas syl oo 1(2337) (lin g gusl) ala

Crawford, D. H., The Invisible Enemy: A Natural History of Viruses (Oxford University
Press, 2000).

Carter, J., Saunders, V., & Saunders, V. A. (2007). Virology: principles and applications.
John Wiley & Sons.
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(Viruses groups) 4 s il aalall
DA 03130 ¥ e A el s g B 5 ) el e il )

¢ YIS 5 Aalal) Lpaailiad 5 dpus s ) J3 all an) )5l 5
dile gl o <9 (Herpesviruses and other dsDNA viruses) ic gaaa : Yy
:(Herpesviridae)
)ﬁi d)‘: ?3 ‘L‘:‘; ‘(tO creep) G«L-U Z\SJAJ\ ‘;uﬁ ‘;_ﬂ\‘, (herpeln) <) (= 4l 52a ?'m\ éﬁ.&\
(L) Alilal) o2 ) jaa ot e g g g3 Ve r (e

Shall (s Canadll (& (= pall elay -1

Bl 50 el g Al e

sl sl (6301 V) s sad

ssshall ) AUl s (Hosts) —auadl -2
Aokl aall @l gd ) gaall

:(Diseases) e Al Ul ¥l -3

cold sores, genital herpes and

Electron cryo-tomographic visualizations

(b) Central slice through (¢) Cut-away view
reconstructed volume

A
)

Figure 11.2 The herpesvirus virion. (b), (c) Images of herpes simplex virus from Griinewald and Cyrklaff (2006)

Cuent pinion in Micobilogy, 9, 437. Reproduced by permissin ofthe authors and Elsvie Linite. .chickenpox or shingles
Diameter (120-200nm) , Genome (liner, dsDNA, 125-240kb) , :(Virion)d! -4
.Enveloped, Icosahedral
;i A jaall Lgulial aal (e -5
cold sores or fever ) oall &kl w53 Herpes Simplex Virus -1 wis o
.(blisters
genital ) cuew s dluliill dshiall Cuway 3 Herpes Simplex Virus -2 (wis o
STD 4e sena a2y Cus (herpes
aaa) jall g e (B agaldly @) b s A Epstein-Barr virus osis

sLlY) e (the kissing disease) <y (s3ll 5 aill 5
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Aile Lgaal e N 5 (Parvoviruses and other ssDNA viruses) 46 saxa : Lils

:(Parvoviridae)

Al o8 ) jaa ?M (s ‘(Sma]]) all (2 ‘;_"\.\\} (parvus) LK) e Alilad) 02a e.u:\ ol
{VR]

. . \y . - 1
(a) Virion components (b) Electron micrograph of (¢) Reconstructed J.'."c ‘.—‘lc \ g_;r‘ U)S-‘ =
negatively stained virions image from cryo-
 w - .
u.nj‘):i\ﬁ a.lcl.um.‘._ Y\ Alad
capsid
ssDNA
Bar represents 50 nm.

electron microscopy
Figure 12.3 The parvovirus virion. The virions in Figure 12.3(b), (c) are adeno-associated virus 5, from Walters - At e
leale (sl UM W jilSs

et al. (2004) Journal of Virology, 78, 3361. Reproduced by permission of the American Society for Microbiology and
the authors.

adenovirus or) Y

Bar represents 10 nm.

JWSY (herpesviruses

.(dependoviruses)
et iy G Gag s ) Aalall g Al Glaal e lecan 358 I il
.(Autonomous parvoviruses)

il pdall o sadall o) LU (Hosts) Ciuaall -2

erythema infectiosum :(Diseases) L 3l al oY) -3
.(Erythrovirus {B19 virus})

Diameter (18-26nm) , Genome (liner, ssDNA, 4-6kb) , (Virion)d! -4
.Icosahedral

.(dependoviruses) Lall de ) 3o A& s JAUS Lgaladinl -5

t Ot dia paall Lgnlind aal (e -6

erythema ) o=l cuwdl (B19 virus)e <em A Erythrovirus osis e

[(slapped-cheek) dia sl dniia; Lay) o yay 215 JUlaYI d (infectiosum

)

Figure 12.2  Child with fifth disease. Reproduced by
permission of the New Zealand Dermatological Society.
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Aile gaai e N 5 (Reoviruses and other dsRNA viruses) 4 saxa : Gl

:(Reoviridae)

(Respiratory, Enteric and Orphan) <Ol il 31 o a1 (e Alilall o2 a4l (3330
(L) Alilal) 238 ) jaa pa) (e

aill 3 Sl dal jall A GV canay 11
a5 Ley Jais il canal (s
OsS5 0 Laads (8 ST, Gl jdall
22 058 s (S Olill A jae ALY
AN 3 jdall da e
sahall (Ul i(Hosts)  aadll 2

o lgan (g @ el

Figure 13.1 The rotavirus virion. (b) From Baker et al. (1999) Microbiology and Molecular Biology Reviews, 63, 862,
by permission of the American Society for Microbiology and the author. (c) By permission of Professor M. Stewart

McNulty, The Queen’s University of Belfast. (d) From: Lopez and Arias (2004) Trends in Microbiology, 12, 271, courtesy - . w el . - »
of Dr. B.V.V. Prasad, Baylor College of Medicine, Houston, TX, US. Reproduced by permission of Elsevier Limited. u\_ﬁ)u\j Q—il—’[—\-d\ ¢ &_1\ \
. - g )...AAJ
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Figure 15.5 Rhabdovirus virion and genome organization. The genome has a leader sequence and the genes for the
five structural proteins. The genes are separated by short intergenic sequences.
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Figure 16.1 Retrovirus virion and genome organization
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Figure 18.2 The HBV virion. S: small envelope
protein. M: medium envelope protein. L: large envelope
protein. P: polymerase (one molecule is covalently
linked to the 5’ end of the (+) DNA; the virion may
contain a second molecule of P, as indicated here).
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Figure 17.1 HIV virion. (a) Virion components. IN: integrase. NC: nucleocapsid protein. RT: reverse transcriptase.
The TM and SU glycoproteins indicated are those of HIV-1 (gp41 and gp120). (b) Courtesy of the University of
Otago, New Zealand. (c) From Briggs et al. (2003) The EMBO Journal, 22, 1707. Reproduced by permission of Nature
Publishing Group and the author. (d) From Griinewald and Cyrklaff (2006) Current Opinion in Microbiology, 9, 437.
Reproduced by permission of Elsevier Limited and the authors.
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Figure 2.10 Separation of proteins and estimation of their molecular weights using SDS-PAGE. Lanes 1 and 3 contain
standard proteins of known molecular weight. Lane 2 contains the four capsid proteins of a picomavirus.
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Figure 2.11 (ytopathic effects caused by replication of poliovirus and herpes simplex virus in cultures of Vero (monkey
kidney) cells. (a) Uninfected Vero cells. (b) Infected with poliovirus. (c), (d) Infected with herpes simplex virus.
(a), (b) and (d) were viewed at x 400 magnification; (c) was viewed at x 100 magnification. The cells were stained
with haematoxylin and eosin. Reproduced by permission of Dr. Maria-Lucia Racz (University of Sao Paulo) and the
American Society for Microbiology MicrobeLibrary.
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Figure 2.12 Principles of tests to detect virus antigens. The specimen is treated with anti-virus antibody. In an
indirect test a labelled second antibody detects any anti-viral antibody that has bound to antigen.

:(Detection of virus nucleic acids) o« s_dell 481 )5l salall pe (5230 4
:(Hybridization) cpaedl o
LA eaia g LS 5 ¢ pm yall Vg 530ma g 5 3 alee (DNA) (o (sl i diion
idlie «(Enzyme) sy 0588 o) oS (label molecules) dalzall alddl o5 ol

.(Radio-active) 4=iw 33 5 (Gold) <3 ¢(Fluorescent)

probe , ,

C|IG|G|C|A|G|C|A

target nucleic acid

~~----A GIGICICIGITICIG!T A

|
drorerh
T

C|G|G G |C
------- e PAAL I AP ITaTTACar s s
A|lG|G G|T G A

’ , detection
A

AIGIGICICIGITI|CIGITI!A

Figure 2.13 Detection of a specific nucleic acid (DNA or RNA) using a labelled DNA probe.
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