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The Red Queen: “It takes all the
running you can do, to keep in the
same place.”

—-Lewis Carroll,
“Through the Looking Glass”

The Red Queen Hypothesis: “For an
evolutionary system, continuing
development is needed just in order to
maintain its fitness relative to the
systems it is co-evolving with.”

—-Leigh Van Valen (1973)



...the usual suspects
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One party is always ‘losing..
There Is always an evolutionary advantage
to be gained by innovation



Quantifying ‘innovation’ In protein-coding genes

(a brief primer)
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Silent/Synonymous change Non-synonymous (replacement) change



Quantifying ‘innovation’ in protein-coding genes

(a brief primer)

Diversifying selection
Positive selection (adaptive evolution)

CAT GCG CGT ATG ATA ACT (. .HARMIT. .)
CCT GCG CTT ATG ATG ACT . (. .pPA1MmT. .)
CAT GTG CGA ATG ATA ACT ... (..HvVvRMIT..)
CCT GCG AGT AGT GTA ACT (..pAssaT..)
Actual number of changes Actual number of replacement changes
Possible number of changes Possible number of replacement changes

KS < KaorR




genomic view of selection
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- the challenge of pathogen mimicry




protein kinase r (PKR)
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selection on primate pkr
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RS [IVE SELECTION ON EiS
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the origins of mimicry

poxviruses (mammals)
iridoviruses (fish)
ranaviuses (amphibians)



Mimicry and contflict

Henry VWalter Bates, 1862 Dar; et al., Mol. CellF 2068
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he Challenge of mimicry

avoid this interaction

maintain
this interaction
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the evolution of mimicry
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yeast assay for pkr activity

Hinnebusch Lab



yeast assay for pkr activity

PKR glucose

orangutan
gorilla
hominoids chimp

human

tamarin

Elde, et al., Nature 2009



k3l & gibbon cell infection

vaccinia: [ WT [ AK3L

viral titer

human  gibbon orangutan

Adam Geballe



selection at the Interface
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o-helix resists k3|
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Leu394 overrides k3l
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- evolution on multiple surfaces

- flexibility for substrate recognition
Elde, Child, Geballe, Malik Nature 2009
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Evolutionary “winners” may in fact be losers..

Elde, Malik Nature Rev Microbiol 2009
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experimental evolution

measure replication
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volution of vaccinia
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Parental 3 replicates
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relative sequence
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evolution of CNEE
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~ adaptive K3l duplications
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A trade-off associated with K3L gene expansion
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adaptation via duplication
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the usual suspects

Antiviral protein Viral protein
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Conflict =——> ‘Rapid evolution’




Host evolution and paleovirology

Plate 5.1. The mummified head of Ramses V of
Egypt (died 1157 BC) showing the pustular eruption
that may have been due to smallpox. (From Smith,
1912.)



Inferred based on genetics
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the usual suspects

Antiviral protein Viral protein
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the usual suspects

Antiviral protein Viral protein
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Questions?

Ainaor

Cave...C-A"V-E..

oh,sure... L'l _ \
probably get “AusTralopithecus,

Primitive spelling bees



