Global Viral Diversity

60 known families 20 affect humans (50 distinct types

of adenoviruses infect humans!).
With about 10 million species of bacteria and maybe 10 host specific

phage/species (E. coli has 50) = 100 million phage species!!
Classification

1) DNA vs RNA

2) Single stranded (ss) vs double stranded (ds)

3) For RNA, RNA replicase/RNA dependent RNA
polymerase (RNA as template for RNA)

VS.

Reverse transcriptase (RNA as a template for DNA)

Table 1. Viral Diversity

Genetic Material Families Example Families Example Genus Example Viruses
W 20 o Hurposvindag Rhadinavicus Human herpesvirus 8
s50ONA 5 Parvoviridae Dependovirus Adeno-associated virus 2
RNA/DMA® 5 Retroviridae Lentivinus HIV-1
dsANA [} Reoviridag Rotavirus Human robavires group A
—&5ANA i o irict: i Influenza A virus

F yxOvir M i Meashes virus

Filoviridag Ebolavins Zaire Ebola virus
+5sANA 18 l; irie Poliovirus

*Wiruses that reverse transcriba RMA into DNA.

Influenza virus: -ssRNA of 8 short segments (genes)

Epidemics for 1000s of years, but the influenza A (flu) versions are
continuously introduced from animal reservoirs.

Antigen surface drifts (gradual small adaptive changes in
surface proteins hemagglutinin, H and neuraminidase, N,
selected by Natural Selection): Hemagglutinin binds to

glycoproteins on epithelial cells of hos Lipid bifayer

maggfutinin

LI

Hatrix protein

Heuraninidase
(N)

*HA encodes hemagglutinin (about 500 molecules of hemagglutinin are needed to
make one virion)

*NA encodes neuraminidase (about 100 molecules of neuraminidase are needed
to make one virion).

*NP encodes nucleoprotein.

*M encodes two matrix proteins (the M1 and the M2) by using different reading
frames from the same RNA segment (about 3000 matrix protein molecules are
needed to make one virion).

*NS encodes two distinct non-structural proteins (NS1 and NEP) by using
different reading frames from the same RNA segment.

*PA encodes an RNA polymerase.

*PB1 encodes an RNA polymerase and PB1-F2 protein (induces apoptosis) by
using different reading frames from the same RNA segment.

*PB2 encodes an RNA polymerase.
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Influenza virus:

Flu shots are designed for annual drifts Date Strain Subtype Notes
Antigen surface shifts (new version from bird reservoirs), 1957 Asian flu 1918 Spanish Flu H1N1 pandemic of Spanish Flu
H2N2 (differs from H1N1 by 35% and 58% of the amino acids); 1968 Hong
Kong flu H3N2, 1997 Hong Kong H5N1*). Recombination important. 1957 A/Singapore/57 H2N2 pandemic of "Asian"
1962 A/Japan/62 H2N2 epidemic
The worst epidemic was Spanish flu 1918 H1N1 with 20-40 million killed . . .
(600,000 Americans)! 1964 A/Taiwan/64 H2N2 epidemic
1aa change in H receptor shifted the virus from recognizing 02,3 sialic acid 1968 A/Aichi/68 H3N2 pandemic of "Hong Kong"

receptor in birds to 02,6 sialic acid receptor in humans!
1976 A/New Jersey/76 H1N1 swine flu in Army recruits
1977 Russian/77 H1N1 age restricted <25
years old

Recombination and jumping hosts creates “shifts” and
pandemics

Mutations within a host strain creates “drifts” and

K.

e - HA Hemagglutinin swine (H1) North America
|| Fuensian ‘avon e sune NA Neuraminidase swine (N1) Europe
H PA RNA polymerase subunit PA43I44 avian North America
= PB1 RNA polymerase subunit PB141 human 1993 H3N2 strain
T Eusinard B PB2  RNA polymerase subunit PB24 avian North America
e Bl s NP Nucleoprotein47 swine North America
F— M Matrix protein M1, M2 swine Eurasia
ik rvsawcrian NS/NEP Non-structural proteins NS1,
NEP (Nuclear Export Protein)48li4d] swine North America

Hakz

wazonal human

wre 1082 1008
sarkeat sample (1000, 1803 (1094, 2001
ABeigiumMWVLI9TD *
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Figure 1] Reconstruction of the sequence of reassortment events leading  divergence of the 501V genes from comesponding virus limeages.
up to the emergence of $-0IV. Shaded boxes represent host spocies; avian R events not involved with the he de are

Origin of HIN1/09 Swine Smith et al. 2009 Nature 459: 1122




Case Studies of Human Viruses

Herpes viruses: dsDNA, huge 100kb with 70 genes including recent
human genes!!!

Extremely old (millions of years) present in common ancestors of mammals
and most are “benign”. Only very rare cases of jumping species (one or two
possible case in all of mammals).

Mutation rate is slow 3 x 10-8 (105 or 108 times slower than HIV).

Ebola: -ssRNA

First appeared in 1976 in Sudan and Zaire. Reappeared in same or
neighboring areas1979, 1995, 2000, 2002, 2003. “Hemorrhagic Fever”
Threatens chimp and gorilla populations (1000s died). Maybe originated in
duiker (antelope) populations.

Four separate versions each from different reservoir.

Fatality rates of 50%-90%!!!
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HIV: Retrovirus with RNA to DNA replication

*HIV-1 from Simian IV in Chimps in central Africa. (Three transfers M,N,O).

*HIV-2 from SIV in sooty mangabeys in west Africa with 4+ separate cross species jumps.
*Oldest strain is in 1959 blood sample and probably made the jump to humans around 1930.
*Fast rate of evolution (million x faster than your genes, 1x10-2 amino acid
substitutions/site/year).
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Overview of the life cycle of HIV.

Why is HIV so difficult to control?

1) High mutation rates, RT has 10x error rate of normal
polymerases.

2) Hotspot for errors is the env gene that makes the gp120
proteins on viral surface. These are constantly changing
and avoid detection.

3) Favorite target of HIV for incorporation in to host genome
is the T helper cells. This compromises immune response.

4) HIV favors integrating into active genes once in cell. This
guarantees transcription and avoidance of degradation.

We discussed the reasons that bacteria evolve so quickly.

Do we see some similar reasons that explain why viruses
also evolve quickly?

Huge numbers, high mutation rates and strong selection.

How about exchanging genes (recombination) in viruses?

Recombination and mapping in
Viruses (Hershey 1946)

T2 viruses
hr* X h*r

Combine different strains or mutant lines into a
single bacterium and see if the viral genomes
recombine

r =rapid lysis (big plaques)
r+=normal lysis

h = extended host range (dark center) E. coli B
& B2

h+ =normal host range; E. coli B strain only
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alks
o Bacteria are infected

rh+ |
with phage of bwo

E. coliB different genotypes.

1) Mixed infections put different mutant
viruses into the same host cell:

hr* h* ~ -~
r X r (\\2\ G +/f4}

&TEa

o Recombination can occur
betwean ntracelular phagd
chromosomes of different

Genotype Plaques I'"\‘I

hr* 42 76% parental r

h*r 34
= b genotypes.
h*r+ 12 24%
recombinant
hr 12 G

Tk

Progeny are collected, and their genotypes are determined.

Fig 16.6 A cross between r h+ and r+h bacteriophage.

Benzer’s T4 mutants

1) Generate mutants with UV, X-ray or mutagenic
chemicals

2) Dilute and grow on a “lawn” of E.coli strain B.
3) Test each colony on Strain K12.

Any line that can not grow on K12, has a mutation
that prevented its use of this host.

Benzer generated 1000s of lines that could grow on Strain
B but not K12. He performed complementation tests to
determine if these mutants were for the same gene or
different genes

Mutant T4 growing on E. coli Strain B Complementation

"""' -

234 56 6 7 8 910

None of these mutants can grow
on K12 by themselves

1

No Cell Conclusion:
lysis mutants are in the
same gene

. i -1 | conclusion: mutants

"o | are different genes

K12

Benzer screened 1000s and concluded that he had 2

complementation groups and thus 2 different genes
rll mutants A or B of T4 phage can grow on and lyse
E.coli strain B, but not strain K12

(b) No complementation (two mutations, in same cistron)

Cistrons Cistrons
A B A B
ril locus  wi T 1 - X - T I -
Mutation Mutation
Viral gene
products B A B
Defective Functional Defective Functional

Simultaneous infection

on K12
] During simultaneous infection, no complementation
Neither T_4 can Makccyrs because no functional A products are present
polypeptide A needed to )
lyse cell. S
E. coli K12(X)lawn— No plaques )
Benzer

{ 10LE0
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(a) Complementation (two mutations, in different cistrons)

Cistrons Cistrons
A B A B
ril locus _.—T I - X - I T—._
Mutation \ l ] l Mutation
Viral gene
products B A B
Defective Functional Functional Defective

Simultaneous During simultaneous infection, complementation occurs
because both functional A and B products are present

Rapid Evolution in Viruses

1) We have seen that if different genotypes simultaneously
infect the same host cell, intergenic recombination can
occur, e.g. Hershey experiment with T2 phage.
hrt x h+r — h*r*and hr recombinants

2) We will also see that, for the first time, recombination can
occur within a gene (intragenic recombination).

To do this Benzer created and isolated 1000s of mutant T4
phage that could not grow on or lyse E. coli strain K12
(they could grow fine on typical stain B).

Benzer used a complementation test to see whether his
mutants were in one or more different genes. He found
that there were two genes (rllA and rlIB), both required
for lysis of K12.

infection on
K12
Now both E. coli K12(\)lawn T"A‘f:ﬂ:gﬁ;
products are 7
present and .
cells will be
lysed!
- - - - -—
rll 63 12

Using the mutants of
one gene at a time,
Benzer designed an
experiment|to look for
recombination within &
single gene (say gene
rllA)? =

Simultaneous infection
and recombination

On E. coli B
|| -

‘ Recombinants ‘

Gene bearing two mutations Wild type gene restored

' '

Resultant phage will grow Resultant phage will grow
on E. coli B but not on K12 (\) on E. coli B and K12 (\)

Simultaneous infection
with two rllA or two
rfIB mutations
Recombination between
viruses with different point

1stgrow on E. coli

B, all mutanr\
reproduce

E coliB mutations within a gene

1 can occur.

107 ' Serial dilutions and ' 107
plaque assay
— plaques —
4 —— Then grow on K12. =
. Only recombinants .
E. coli K12(\) can grow! E. coliB

4 % 10® recombinant 8 % 107 rii(mutant)
(wild type) phages/ml phages/mi

2(recombinants/total) = map distance: 2(4x103/8x10°) = 1x10%
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Deletion Maps allowed for rapid placement of single base
. . mutations within a gene.
Benzer also generated deletion mutations and used 9
these to order point mutations and dissect the genes. A Recombination
rlfLocus = | all  test result
A B A B - - - -
- X -c:é:n— = 2= _
Area of / Deletion mutation l Point mutation ) - - =
deletion Series | - =
A B Since recombination L o i
e cannot occur in the area of - - o
the deletion, no wild-type Al A2 | a3
recombinants of the
| A cistron can be produced = _
A I B A | B Series Il = == .
- I - - | 1 o
Asa | Asb | Asc | Asd |
i v
Series Il z -
- | S W - ol +
AScl | Asc2 | ASc3 | ASc4
NBSIB: E
NESIR: |
- — L ’ , A2c  AZe 8
scn W | @ b, Slda SN seviz W rapr ety e B S B
| ioames £ 4, = iy .
m"mf’.;lsm-l.\.r g § E_: e b | Mm'nls:?;;l SSiEND D | . kﬁ;ﬂ(}:
GewoTYPE: | | | | | T guEeesic | NI | s Mo A Mg AX Ale
| | | ges | TR | P T
dm3rl608 | | e I et A L
dm?r1208 . l .
('Ii: . dssaas 1
cl ! Pranses M
(f-:’,s? d_I-ofcapuq‘bbcilnai‘lsaall Mg ;5; # :-‘Sh.;‘s.‘.c]_- ___.:;‘6_:2 n::_,b
dmis1 180 - —_— Hot spat'. A6
dm353780 : o - “Hot spot’ .
dm3s218 - — | B6 B3 | B4 '
amss 2w, 365, | 11| Al ngﬂéa !
1427, 2376, 1 I | | | | . 1] pe . '
croe 3 [N I A A N R S B | | Ll L] i
3049, 7241 . | ' | | | I ! L i
BAC | mocam RecaE RGe | | | i U . ]
RGCIP RGCIK RGO - RGCX RGC2 RGCIE  RGCIU  poeaw '
GrouPS) “hoco RGCIRGCIR toaeas e RGED mocay R6E6 SN Bgee 1 Agens
suled yupes 22 s 4
B8 B% B% BI1O
Use of deletl_on lines to pin d_own thg location of Dowrjy Mildew Resistance v The genetic map of the rll locus of phage T4.
gene (Dm3)in lettuce.  Chin, Garcia, Ochoa, Kesseli, Lavelle and © 2003 John Wiley and Sons Publishers
Michelmore 2001




Complementation Test
Purpose:

To screen unknown mutants that
give the same phenotype (can not
lyse K12) to see if they are in the
same gene

Procedure:

Simultaneous infection of 2 T4
mutants on E. coli K12; Neither can

grow or lyse cells of K12 on its own.
Results:

1) If phage can not lyse cells, the
mutations must be in same gene

2) If phage can lyse cells, mutations
in different genes

Recombination, Fine Mapping
Purpose:

To map location of mutations to a
known gene.

Procedure:

Simultaneous infection of 2 T4
mutants on E. coli B; both can grow
on this strain.

Recombination can occur between
the T4 mutants while they are in
strain B.

Results:

Screen for recombinants on strain
K12. Mutants far apart will show
more recombinants than close ones

In the analysis of rll mutants of T4 phage, complementation
testing yielded the following results:

Simultaneous Infection Results (lysis = +)

of 2 mutants on E.coli K12

1,2 +
1,3 +
1,4 -
1,5 -

Predict the results for the following:
A B C D E

23 - -+ -
2,4 - + - + +
34 - o+ - - -
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