Guiding Questions

. How can viruses exist with so few genes?

ehads In what ways do viruses vary?
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p ‘ Linking Questions

. Theme : Unity and Diveesity
& Level of Organization. : Cells

What mechanisms contribute to convergent evolution?
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Structural features common to viruses

Diversity of structure in viruses

Lytic cycle of a virus

Lysogenic cycle of a virus

Evidence for several origins of viruses from other organisms

Rapid evolution in viruses

Relatively few features are shared by all viruses: small, fixed size; nucleic acid (DNA or RNA) as genetic
material; a capsid made of protein; no cytoplasm; and few or no enzymes.

Students should understand that viruses are highly diverse in their shape and structure. Genetic material may
be RNA or DNA, which can be either single- or double-stranded. Some viruses are enveloped in host cell
membrane and others are not enveloped. Virus examples include bacteriophage lambda, coronaviruses and
HIV.

Students should appreciate that viruses rely on a host cell for energy supply, nutrition, protein synthesis and
other life functions. Use bacteriophage lambda as an example of the phases in a lytic cycle.

Use bacteriophage lambda as an example.

The diversity of viruses suggests several possible origins. Viruses share an extreme form of obligate parasitism
as a mode of existence, so the structural features that they have in common could be regarded as convergent
evolution. The genetic code is shared between viruses and living organisms.

Include reasons for very rapid rates of evolution in some viruses. Use two examples of rapid evolution:
evolution of influenza viruses and of HIV. Consider the consequences for treating diseases caused by rapidly
evolving viruses.



HL A2.3.1—Structural features common to viruses
A2.3.2—Diversity of structure in viruses

Virus ° non-cellvlar infectious agent / parasite which replicates only inside ofa living host cell. Vicuses infect all life forms (including bacteria, plants and animals ) » tan be Species-specific or may ‘jump from species to another

\S> Vicuses do not move or grow and rely on their hosts for metobelic processes and replication making them non- self sustaining and not considered alive @ origin of cevs a2, Viruses are obligate infracellviar parasites

\> Vicuses display enormous diversity in both form and function , but they all share common structural features :

/? etymology: “box" require a. host cell for energy, nulrition, metabolism and replication
® small size ® {ixed size ® nucleic acid as genetic material ® copsid made of protein ® 1o cytoplasm ® few oc no enzymes
most Virvses range from viruses do not grow over all vicuses use DNA or RNA genetic material is enclosed in all vicuses lack o cytoplasm most enzymes lack fheic own enzymes,
20nm to H0Onm , maKing them time. They remain the same as genetic material using he same o copsid (coat made of repeating as they do not corry out using fhose in dheir host instead. Some
100 - (000x Smaller than their size ond complexity after being oniversal genckic code cnabling protein subunits - capsomeres) fheic own mefabolism, rather viruses have a {ew enzymes that are
hosts , allowing casier entry assembled in their host translation o occur within host before being released by host relying on hosts - conlributing used to help in infection, lysis of host
I@I F\\}q::mdg | /\ Q % = to their small size or reglicaking their genefic material
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ex: reverse transcriptase in HIV
\> Viruses are highly divecse in shape and structure:
® vacy in size ® vary in genetic material ® vocy in shape
= \__\_’— ¢ Vical genetic material can be double-stranded (ds) or single- stranded (ss) which can be negative- sense () viruses vary in their capsid structure and overall shape:
m. Serving as a template fo or positive -sense (+) and may be franslated dicectly into proteins .
W"'mﬁ-ﬁﬂ“‘"“::mm Some also use reverse transcriptase (RT). X genetic matecial can also be lincar or cirevlar ex: complex
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* o - SSRNA - NN = D@ ex: €bola virvs , influensa vicus, rabies virs exocytosis (a\on3 with viral surface
mimivicos HepC  Potio t SSRNA -RT 5 300K - 3RORK = & o HIV bvdding process 3lycoprol:eins) allowing more protection
oorm om porm 3omm dsDNA -RT DOVOVK — 5 00X SR — - & ex: Hep-B virvs and easier cell infection via binding
“erown”
SARS-CoV-2 ( Severe Acote Respiratory Syndrome Corona_Virvs 2) HIV_(Homan | mmunodeficiency Virvs) Bachriomﬁe lombda. (\)
Genctic material 1 copy of lineac +SSRNA  genome of +30000 base pairs Z copies of linear + SSRNA  genome of ~ 9700 base pairs lincac dsDNA genome of ~H8000 basepairs with ss sticky ends
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HL A2.3.3—Lytic cycle of a virus.

Lybc cycle © Vi(uS reproduces within. 1he host cell and the many new Copies borst ovt, Kilh'ry the
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A.2.3.4—Lysogenic cycle of a virus
A2.3.5—Evidence for several origins of viruses from other organisms. A2.3.6—Rapid evolution in viruses

Lysoaenic cyde, * VirUs inl;esrai:es its genetic material into the host bacterivm's genome. €ach time host rcph'ca(;cs

its DNA it will also replicate vical DNA, thos passing it onto doughter cells . Viruses in lysogenic
cycle are temperate - not active/ hamfol to host , but stress covld switch it to lytic cycle

Phﬂe DNA integrates within bacterial DNA
forminﬂ prophage using enzyme integrase

Phase, altaches to the surface
of host cell using tail fibres to

bind onto receptors on membrane cell wall via pores

o)

NS lysis” host and spreading new virvses. Vicuses in lytic cycle are vitlent as fhey cavse discase
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viral

rolling circle replication :

machinery in order to replicate ~100x () Q O() OO
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If host becomes siressed \ ) host cell duplicates its
(due o changes in temp, pH, ff $ genome along with prapha\,c,
tovins, lack of nukrition) prophage dividing via. binary fission
activates and Iytic cycle begins D and forming 2 dovghter
S ))) cell clones

within c)augl'\{:ef cells genome,

ribosomes. Phages assemble and transceibe vical genes into

X vifuses are extremely diverse in Steucture, complexity , and genome svagesting oifferent potential origins :

Vicos - ficst hypothesis : viruses evolved fiom proteins and nudeic acid (RNA), which gave rise to first cells

Qp RNA is enzymatic , allowing it o self- replicate. * least likely
X vifuses fequire a cellolar host o replicate X vicuses shore more protein structores in common with cells fhan cach other

Progrcssivc hypothesis  : viruses developed from genetic componeats (DNA ,RNA) which ‘escaped’ from genes of a cell
Qp Retioviruses like HIV convect RNA to DNA using reverse franseriptase which then integrates within host genome.
R etrotransposons within eukaryotes also transcribe into RNA aad then DNA and integrate into aew location in genome
X vituses have onique, complex structures not present in cells such as capsids

Kegressive hypothesis : vituses developed {rom pacasitic cells in a pragressive loss of cellular components, becoming obligate
® Vicuses such as Mimivicos are very lacge with a complex structwe ond large genome, similar to parasitic bacteria.
X even very small cellolac parasibes do not esemble vicuses

X Since all viruses share an extreme form of obligate parasitism , Theic common
steuetural ffa{WtS (amiosoos silud:urcs) may have arisen independently feom
convergent evolvtion * when species occupying a similar niche are subject

Q evolution. AY.|

to similar selection pressures and adapt similacly

prophaﬂe lies dormant / inactive

Vituses undergo very rapid rakes of evolvtion. : chunge in heritable charmcteristics of a population € evolvtion A4l
vifuses reproduce very quickly (esolting in short generation &imes - allows more selection over shorter timespan
= genetic variakion (new alleles) arises from mutations. RNA Vicuses have high motation rates as their enzymes
do ot proofread Juring replication resulting in many efrors and new base sequences allowing poteatial adaptation
> qatural selection acks on variakion in populations resulting in adaptive advantageous features being more
soccessful and selected , driving evolotion. As viruses are parasites, hosts actively seek to destroy them.
leading to @ constant, siong selection pressuce and rapid evolutionary change @ natucal setection D4l

/\ntisenic Drift : genetic voriation from accumulalion Anl:iﬂcnic Shift : recombination of different viral
of mutations resulLin3 in new Steain ’j___* $irains rcsulh‘qg in abrupt change
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ex: HIV and inflvenza virvs P ex: Inflvenza vicvs
@ during viral RNA replication | Bicd strain ®Avmu and suvine {lo
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bind and iafect cells to new H, N, sicain RNA fwm each mix,
@ Some motations may lead to Hy, Ny with different anligens folm{na new Strain
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X As HIV and influenza’s stucture Keep changing it poses o challenge for the immone system and freatments with drugs
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