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!

Evolutionary Medicine

! 9:5$.4$'5-#:!#0!$;#&<5-#:,.=!>-#&#8=!

,:?!@$?-',&!4'-$:'$

! A,4!@$?-'-:$!-8:#.$?!$;#&<5-#:,.=!

>-#&#8=B

! A<@,:!;<&:$.,>-&-5-$4!5#!?-4$,4$4

! C$4$,.'2!D!3&-:-',&!%66&-',5-#:4!



!

Medicine

E&?$.!52,:!52$!0-$&?!#0!

$;#&<5-#:,.=!>-#&#8=F

)$?-',&!G6.,'5-'$H!@,=!

?,5$!5#!$,.&-$45!4#'-,&!

2<@,:4

)$?-',&!$?<',5-#:!I!

5.,?-5-#:I>#<:?

C$4-45,:5!5#!-::#;,5-#:

J#5!K<-'(!5#!$@>.,'$!

$;#&<5-#:,.=!>-#&#8=!



!

Example

! 1,52#8$:4!?$;$&#6!,:5->-#5-'!.$4-45,:'$

! )<&5-?.<8!.$4-45,:5!L+M!)$52,'-&&-:!.$4-45,:5!

N5,62!%<.$<4!O)CN%PF!A9Q

! R,:8<,8$!#0!@$?-'-:$S!!T$!?#:U5!5,&(!,>#<5!

52$!evolution!#0!.$4-45,:'$M!T$!5,&(!,>#<5!

>,'5$.-,!developing!.$4-45,:'$F

! 9:!0,'5!T$!,.$!4$$-:8!$;#&<5-#:!#:!,'5-#:V!A#T!

?#!>,'5$.-,!>$'#@$!.$4-45,:5B



!

Bacterial population



!

Natural Selection

! J,5<.,&!4$&$'5-#:!-4!52$!$:8-:$!#0!$;#&<5-#:

! J,5<.,&!4$&$'5-#:!T,4!52$!-:4-825!#0!*,.T-:!

,:?!/,&&,'$!>,'(!-:!52$!WXYZ4F

! /2$:!,:5->-#5-'4!,.$!8-;$:!5#!,!2<@,:!

6#6<&,5-#:!:,5<.,&!4$&$'5-#:!0,;#.4!.$4-45,:5!

45.,-:4

! A#TB



!

VIST

! Q,.-,5-#:

! 9:2$.-5,:'$

! N$&$'5-#:

! L-@$



!

Change in gene frequencies

! A$.-5,>&$!;,.-,5-#:!D!N$&$'5-;$!6.$44<.$!DL-@$

! /-52#<5!,:5->-#5-'4M!@<5,:5!>,'5$.-,!@-825!?-$!

#<5!#.!.$@,-:!,!5-:=!@-:#.-5=!#0!52$!6#6<&,5-#:F

! !%??!,:5->-#5-'4![!@<5,:5!>,'5$.-,!T-&&!.$6.#?<'$!

@<'2!0,45$.!52,:!>,'5$.-,!T-52#<5!52$!@<5,5-#:F

! *-00$.$:'$!-:!.$6.#?<'5-#:!\!:,5<.,&!4$&$'5-#:

! 32,:8$4!-:!8$:$4!-:!52$!6#6<&,5-#:!#;$.!5-@$



!

Simple?

! *#$4!52-4!2,66$:!-:!6$#6&$B!]#<!>$5V!95!^<45!

2,66$:4!,!&#5!4&#T$.!-:!6$#6&$!52,:!>,'5$.-,

! 7_,@6&$S!.$4-45,:'$!5#!6,52#8$:4F!),&,.-,!

-:0$'54!`ZZ!@-&&-#:!=$,.&=F!W!@-&&-#:!?-$F

! C+3!@<5,5-#:4!,.$!@#.$!6.$;,&$:5!-:!

6#6<&,5-#:4!T2$.$!@,&,.-,!#''<.4F



!

Evolution by natural selection

! 32,:8$4!-:!8$:$!0.$K<$:'-$4!a!'2,:8$4!-:!

4<.;-;,&!,:?!.$6.#?<'5-#:F

! %&&!=#<!:$$?!-4!8$:$5-'!;,.-,5-#:!,:?!?-00$.$:'$4!

-:!.$6.#?<'5-#:



!

Key Questions

! J,5<.,&!4$&$'5-#:!,&&#T4!52$!2$,&52-$45!,:?!
@#45!?-4$,4$I0.$$!-:?-;-?<,&4!5#!4<.;-;$!,:?!
6,44!52$-.!8$:$4F!/#<&?:U5!2<@,:4!$;#&;$!
5#T,.?4!2$,&52B

! E>;-#<4&=!52-4!?#$4:U5!,&T,=4!2,66$:

! N$&$'5-#:!,66,.$:5&=!@,-:5,-:4!8$:$5-'!
G,'2-&&$4!2$$&4H!-:!8$:$.,5-#:!,05$.!8$:$.,5-#:F

! +.$,45!',:'$.!8$:$4M!8$:$4!52,5!',<4$!
%&b2$-@$.U4!?-4$,4$F!/2=B!



!

Key Insights

! ]#<!,.$!6.#?<'5!#0!-::<@$.,>&$!,:'$45#.4!

T2#!4<.;-;$?!<:5-&!.$6.#?<'5-#:

! J,5<.,&!4$&$'5-#:!42#<&?!6.#@#5$!4<.;-;,&!

?<.-:8!'2-&?2##?!,:?!$,.&=!,?<&52##?

! N$&$'5-#:!.$T,.?4!.$6.#?<'5-;$!4<''$44!:#5!

&#:8$;-5=!!



!

Levels of analysis

! )#45!@$?-'-:$!-4!'#:'$.:$?!T-52!T2,5!,:?!2#T!

K<$45-#:4F

! 7;#&<5-#:!'#:'$.:4!-54$&0!T-52!2-45#.-',&!T2=!

K<$45-#:4F



!

Levels of analysis

! 1.#_-@,5$!,:4T$.4!I!12=4-#&#8=!,:?!

1,52#62=4-#&#8=

! c&5-@,5$!,:4T$.4S!.$6.#?<'5-;$!,?;,:5,8$4![!

?-4,?;,:5,8$4!#0!5.,-54F



!

Levels of analysis

! *<.-:8!52-4!4$@$45$.!T$!T-&&!,4(!#<.4$&;$4!&#54!

#0!GT2=H!K<$45-#:4!,>#<5!?-4$,4$4F!

! /2=!?#!-&&:$44$4!$_-45B

! /2,5!@,($4!'$.5,-:!?-4$,4$4!'#@@#:B

! /2=!2,4:U5!:,5<.,&!4$&$'5-#:!$&-@-:,5$?!52$!

8$:$4!52,5!',<4$!?-4$,4$4B

! /2,5!,.$!52$!-@6&-',5-#:4!#0!,4(-:8!52$4$!

K<$45-#:4BV



!

Example:
 Pain



!

Example:
 Pain



!

Evolutionary Explanations for 
Diseases

! L.,?$I#004!,:?!3#:45.,-:54

! 7;#&;$?!2#45!?$0$:4$4

! 7;#&<5-#:!#0!;-.<&$:'$!

! d$:$I$:;-.#:@$:5!@-4@,5'2

! A#45I6,52#8$:!,.@4!.,'$!

! d$:$5-'!'#:0&-'5!-:!.$6.#?<'5-#:

! %:5,8#:-45-'!6&$-#5.#6=



!

Evo Med 
Hypotheses

! LT#!@,-:!',5$8#.-$4S

! 12=&#8$:=!O2-45#.=P

! T2,5!4$.-$4!#0!2-45#.-',&!$;$:54!&$?!5#!!!

6.$?#@-:,:'$!#0!,!6,.5-'<&,.!4$5!#0!5.,-54B!

! %?,65,5-#:

T2,5!O0<:'5-#:P!.$6.#?<'5-;$!>$:$0-5!?#$4!,:!

-:2$.-5$?!5.,-5!'#:0$.B



!

Phylogeny can explain puzzling 
phenomena – blind spot

! 3#:45.,-:5!#0!2-45#.=

! A<@,:!9:;$.5$?!C$5-:,!a!#65-'!:$.;$!2,4!5#!
6<:'5<.$!52$!.$5-:,



!

Phylogeny can explain puzzling 
phenomena – hernias

O0.#@!dF!3F!/-&&-,@4M!1&,:!,:?!6<.6#4$!-:!:,5<.$M!6F!WeeP



!

Tradeoffs and Constraints

! R,.8$!:$#:,5$!2$,?!4-b$!;4!&-@-54!#0!@,5$.:,&!

6$&;-4!a!',<4$!4#@$!'2-&?>-.52!-:^<.-$4f?$,524

! /2=!',:U5!0$@,&$!6$&;-4!,''#@@#?,5$!,!

&,.8$.!2$,?!4-b$B



!

Constraints - Example

! /-4?#@!L$$52

! /2=B



!

Why do we have them?

! A#T!&-($&=!-4!-5!52,5!52$=!$;#&;$?!^<45!5#!@$44!

<6!#<.!#.52#?#:5<.$B

! 3#@$!<6!T-52!,!.$,4#:!0#.!52$-.!$_-45$:'$F

! 3#@$!<6!T-52!,!2=6#52$4-4!0#.!T2=!T-4?#@!

5$$52!@-825!',<4$!6.#>&$@4F



!

Elephants live 69 years

! 7&$62,:54!2,;$!g!4$54!#0!5$$52!52.#<82#<5!

52$-.!&#:8!&-0$46,:F



!

Wisdom teeth have function?

! c:&-($&=!52,5!:,5<.,&!4$&$'5-#:!T#<&?!.$5,-:!

45.<'5<.$4!52,5!',<4$!-&&:$44!-:!$;$.=>#?=F

! 1.$?-'5-#:S

!!!!%:!$;#&<5-#:,.=!,66.#,'2!T#<&?!4<88$45!52,5!

6.#62=&,'5-'!.$@#;,&!#0!,4=@65#@,5-'!

T-4?#@!5$$52!-:!,?#&$4'$:54!T#<&?!>$!,!>,?!

-?$,F!



!

Lets test this prediction

! %!.$;-$T!#0!52$!&-5$.,5<.$S!

! 3#@6&-',5-#:4!#0!$_5.,'5-#:!!"#$%&'%%($52$!

'#:4$K<$:'$4!#0!&$,;-:8!5$$52!-:!6&,'$F

! G%5!&$,45!hf`!#0!52$4$!$_5.,'5-#:4M!,44#'-,5$?!

'#454M!,:?!-:^<.-$4!,.$!)**%'%++"#,i!,!4-&$:5!

$6-?$@-'!#0!-,5.#8$:-'!-:^<.=!52,5!,00&-'54!5$:4!#0!

52#<4,:?4!#0!6$#6&$!T-52!&-0$&#:8!?-4'#@0#.5!

,:?!?-4,>-&-5=H
L2$!6.#62=&,'5-'!$_5.,'5-#:!#0!52-.?!@#&,.4S!,!6<>&-'!2$,&52!2,b,.?F

%@!"!1<>&-'!A$,&52F!hZZj!N$6kljOlPSWYYeIlF!76<>!hZZj!"<&!`WF



!

What other parts of our 
anatomy are routinely removed?

! mI!L#:4-&4!!

4<.8$.=!

>$'#@-:8!

@<'2!.,.$.F!

!

! %66$:?-_!a

!!!!

N<.8$.=!0#.!%66$:?-'-5-4S!94!95!J$'$44,.=B!N<.8!9:0$'5!OR,.'2@5PF!hZZX!%<8!jF!

!

! %66$:?-_!an

!!!!



!

Concept: Cryptic Function - 
Benefit
! N#@$!?-4$,4$4!@-825!>$!$_6&,-:$?!>=!,!

2-??$:!>$:$0-5

! +$:$0-5!?#$4!:#5!2,;$!5#!>$!5#!52$!6$.4#:!

4<00$.-:8!0.#@!52$!?-4$,4$

! )-825!,''.<$!5#!,!6,52#8$:

! E.!5#!,!4$_<,&!6,.5:$.

! E.!5#!,!6$.4#:!-:!,!?-00$.$:5!$:;-.#:@$:5

! E.!5#!-:?-;-?<,&4!T-52!,!?-00$.$:5!'#@>-:,5-#:!

#0!8$:$4



!

Evolved Host Defenses

! 3#<82

! o$;$.

! J,<4$,

! *-,..2$,

! N=@65#@4!@,=!8-;$!6,52#8$:4!,!.$6.#?<'5-;$!

,?;,:5,8$a!#.!@,=!2$&6!2<@,:4!4<.;-;$!-:0$'5-#:4!



!

Example:
 Itch

! /2=!?#$4!,!@#4K<-5#!>-5$!

-5'2B

! *#$4!-5'2!2,;$!,!0<:'5-#:B



!

Evolution of Virulence

! %.5-0-'-,&!:,-&4!,:?!2#46-5,&!4$55-:8!

>$:$0-5!6,52#8$:4

! 7,4=!5.,:4@-44-#:!&$,?4!5#!@#.$!

;-.<&$:5!><84

! 3#@@<:-5=!,'K<-.$?!,:?!A#46-5,&!

,'K<-.$?!6:$<@#:-,



!

Gene Environment Mismatch

! 9:!N-'(&$!'$&&M!>$:$0-5!

,''.<$4!5#!

2$5$.#b=8#5$4!-:!

@,&,.-,&!,.$,4

! E52$.4!4<00$.!?-4$,4$

! L2$!45.#:8$.!52$!

@#.5,&-5=!6.$44<.$!a!52$!

2-82$.!52$!'#45!#0!

?$0$:4$



!

Host-Pathogen Arms Race

! *$0$:4$!,8,-:45!6,52#8$:4!>$'#@$4!

-:'.$,4-:8&=!'#45&=!,4!><84!&$,.:!5#!$;,?$!

?$0$:4$4F



!

Genetic Conflicts in Pregnancy

! d$45,5-#:,&!

*-,>$5$4

! 3.=65-'!>$:$0-5!!

,''.<$4!5#!6,5$.:,&!

8$:$4



!

Antagonistic Pleiotropy

! 7;#&<5-#:!2,4!+9dd7C!

$00$'54!52$!]EcJd7C!

=#<!,.$F

! !d$:$!52,5!2$&64!$,.&=!

4<.;-;,&!@-825!>$!0,;#.$?!

$;$:!-0!-5!(-&&4!=#<!-:!#&?!

,8$

! 9:0$'5-#<4!*-,..2$,!,:?!

A=6$.5$:4-#:



!

Discoveries during my career…

! 1:$<@#'#''<4!.$4-45,:'$!5#!,b-52.#@='-:

! d#:#'#''<4!.$4-45,:'$!5#!'-6.#0&#_,'-:

! N-:<4-5-4![!#5-5-4!@$?-,!',:!>$!@,:,8$?!

$_6$'5,:5&=

9:!;-;#!$@$.8$:'$!#0!2-82I&$;$&!@,'.#&-?$!.$4-45,:'$!-:!N5.$65#'#''<4

!"!3&-:!)-'.#>-#&F!hZZj!*$'keYOWhPSeZlZIWF!76<>!hZZj!E'5!Wj

C-;$.4!))M!d&,4b-#<!1M!%66$&@,:!3RM!+<.($!1M!)'3#.@-'(!*1M!*,@#-4$,<_!

C%F!%:5->-#5-'4!0#.!,'<5$!#5-5-4!@$?-,S!,!@$5,I,:,&=4-4!T-52!-:?-;-?<,&!6,5-$:5!

?,5,F!-"*'%./$0'.$12$1334564789:;:<=2;19>6:



!

Discoveries 2…

! A#.@#:$!.$6&,'$@$:5!52$.,6=!-:'.$,4$?!

@#.5,&-5=!0.#@!>#52!2$,.5!,55,'(4!,:?!>.$,45!

',:'$.

A$,&52!.-4(4!,:?!>$:$0-54!`!=$,.4!,05$.!45#66-:8!.,:?#@-b$?!5.$,5@$:5!T-52!

$45.#8$:!,:?!6.#8$45-:
!"%)%F!hZZX!),.!YkhllOlPSWZ`gIeY



!

Discoveries 3…

! 32&,@=?-,!6:$<@#:-,!-:!,52$.#4'&$.#4-4

! p$5-,!a!6$.2,64!?-$5,.=!0,5!,:?!'2#&$45$.#&!:#5!

K<-5$!4#!>,?

32&,@=?-,!6:$<@#:-,$!-:0$'5-#:!,:?!'#.#:,.=!,.5$.=!?-4$,4$

9:5!"!3,.?-#&F!hZZX!%<8!WY

*#$4!7JA%J37!?-@-:-42!'#:0-?$:'$!-:!&#T$.-:8!R*R!#.!-:!$b$5-@->$B
J!7:8&!"!)$?F!hZZX!%6.!`k`YXOWePSWYZeIjF!76<>!hZZX!),.!`ZF



!

Discoveries 4…

! %!;,''-:$!52,5!6.$;$:54!',:'$.

! /-?$46.$,?!.$'#8:-5-#:!52,5!'$.;-',&!',:'$.!-4!

,!4$_<,&&=!5.,:4@-55$?!?-4$,4$



!

Evolutionary Viewpoint

! C$4$,.'2S

! R$,?4!5#!:$T!2=6#52$4$4

! A$&64!$_6&,-:!$_-45-:8!0-:?-:84

! 3,:!-:0#.@!?-.$'5-#:4!0#.!

0<5<.$!T#.(



!

Evolutionary Viewpoint

! 7?<',5-#:S

! d-;$4!,!0.,@$T#.(!0#.!<:?$.45,:?-:8!:#.@,&!

,:?!,>:#.@,&!62=4-#&#8=

! A,4!6#5$:5-,&!5#!6&,'$!&#54!#0!?-46,.,5$!0,'54!-:!

'#:5$_5



!

Evolutionary Viewpoint

! 3&-:-',&!@$?-'-:$

! A$,&52=!4($65-'-4@

! J#:I-:5$.;$:5-#:-45

! A$&64!?$0-:$!G?-4$,4$H!,:?!G:#.@,&H

! *$0,<&5S!?@+.!G:#.@,&H!62=4-#&#8=!.$0&$'54!

4$&$'5-#:!0#.!>$:$0-'-,&!6.#'$44$4



!

Evolutionary Medicine Summary

! 9:'#.6#.,5$4!:#:'#:5.#;$.4-,&!>,4-'!6.-:'-6&$4!

#0!:,5<.,&!4$&$'5-#:

! %4(4!GT2=H!K<$45-#:4!#0!?-4$,4$

! 7;#&<5-#:,.=!$_6&,:,5-#:4!0,&&!-:5#!?-4'.$5$!

',5$8#.-$4

! 3,:!2$&6!8<-?$!'&-:-',&!@$?-'-:$M!.$4$,.'2!,:?!

@$?-',&!$?<',5-#:


