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What	
  is	
  Evolu-on?	
  

•  Popula-on	
  change	
  	
  
•  Gene-c	
  change	
  
•  Natural	
  selec-on:	
  non-­‐random	
  change	
  
•  Dri=:	
  	
  random	
  change	
  
•  Occurs	
  all	
  the	
  -me	
  

Popula-on	
  Change	
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Gene-c	
  Change	
  

Jeong et al. 2013 Nature Communications 5;3281 

Gene-c	
  Change	
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Random	
  Change	
  
Gene-c	
  Dri=	
  

Non-­‐random	
  Change	
  
Natural	
  Selec-on	
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VIST	
  

•  Variation	
  
•  Inheritance	
  
•  Selection	
  
•  Time	
  

Evolution by natural selection 
happens all the time 

•  Changes	
  in	
  gene	
  frequencies	
  –	
  changes	
  in	
  
survival	
  and	
  reproduction	
  	
  

•  All	
  you	
  need	
  is	
  genetic	
  variation	
  and	
  
differences	
  in	
  reproduction	
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Evolutionary Medicine  

Adapta-on	
  

“	
  Adapta'on	
  is	
  the	
  evolu-onary	
  process	
  
whereby	
  an	
  organism	
  becomes	
  beGer	
  able	
  to	
  
live	
  in	
  its	
  habitat”	
  

	
  Theodosius	
  Dobzhansky	
  
	
  
Increase	
  fitness	
  
Origin	
  of	
  func-on	
  and	
  complexity	
  in	
  biology	
  and	
  
medicine.	
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Fitness	
  

•  Rela-ve	
  ability	
  to	
  survive	
  and	
  reproduce	
  and	
  
pass	
  genes	
  on	
  to	
  the	
  next	
  genera-on	
  

•  Can	
  be	
  inferred	
  from	
  medical	
  and	
  
epidemiological	
  studies	
  of	
  mortality	
  

Inclusive	
  fitness	
  
•  Gene	
  centric	
  view	
  –	
  ability	
  of	
  an	
  allele	
  to	
  
promote	
  its	
  replica-on	
  in	
  the	
  next	
  genera-on.	
  

•  Is	
  a	
  feature	
  of	
  an	
  individuals	
  ability	
  to	
  
reproduce	
  along	
  with	
  rela-ves	
  who	
  share	
  
genes.	
  

•  Kin	
  selec-on	
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Group	
  selec-on	
  

•  Unit	
  of	
  selec-on	
  is	
  the	
  group,	
  not	
  the	
  
individual	
  

AAMC-­‐HHMI	
  

Scien-fic	
  founda-ons	
  for	
  future	
  physicians	
  
	
  
“Describe	
  the	
  func-onal	
  elements	
  in	
  the	
  human	
  
genome,	
  their	
  evolu-onary	
  origins,	
  their	
  
interac-ons,	
  and	
  the	
  consequences	
  of	
  gene-c	
  
and	
  epigene-c	
  changes	
  on	
  adapta-on	
  and	
  
health”	
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Proximate	
  and	
  Evolu-onary	
  Causes	
  

•  from	
  proximate	
  “what”	
  ques-ons	
  
– What	
  mechanisms	
  lead	
  to	
  disease	
  in	
  individuals?	
  	
  

•  About	
  pathophysiology	
  and	
  epidemiology	
  

•  to	
  evolu-onary	
  “why”	
  ques-ons	
  	
  
– How	
  and	
  why	
  are	
  popula-ons	
  vulnerable	
  to	
  
disease?	
  

•  About	
  selec-on	
  forces	
  and	
  phylogene-cs	
  

New	
  MCAT	
  2015	
  

•  Addi-on	
  of	
  the	
  social	
  and	
  behavioral	
  sciences	
  
sec-on	
  

•  Cri-cal	
  analysis	
  and	
  reasoning	
  skills	
  

•  Natural	
  sciences	
  sec-ons	
  reflect	
  recent	
  
changes	
  in	
  medical	
  educa-on	
  
– Evolu-onary	
  biology	
  highlighted	
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Medical	
  Curriculum	
  

•  Gene-c	
  diversity	
  in	
  human	
  popula-ons	
  	
  
	
  
•  Pathogens	
  and	
  tumors	
  are	
  gene-cally	
  variable	
  
&	
  consequently	
  evolve.	
  	
  

	
  
•  Evolu-on	
  provides	
  analy-cal	
  tools:	
  
phylogene-cs	
  and	
  popula-on	
  gene-cs	
  .	
  

Prac-cal	
  Benefits	
  

•  A.	
  Understanding	
  evolu'on	
  can	
  improve	
  
diagnosis.	
  

•  B.	
  Understanding	
  evolu'on	
  can	
  improve	
  
preventa've	
  or	
  treatment	
  plans.	
  

•  C.	
  	
  Evolu'on	
  provides	
  a	
  framework	
  for	
  
understanding	
  physiology	
  and	
  pathology	
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Nature Reviews Genetics 11, 465-475 (July 2010) 
 



8/20/14 

14 

•  Medicine	
  is	
  based	
  on	
  
biology,	
  and	
  biology	
  is	
  
based	
  on	
  evolu-on	
  

Page from Darwin's 
notebooks (1837) showing 
his first sketch of an 
evolutionary tree. 

•  Big	
  data	
  –	
  tes-ng	
  for	
  paGerns	
  of	
  selec-on	
  
using	
  medical	
  databases	
  

•  Understanding	
  the	
  role	
  of	
  human-­‐microbiota	
  
coevolu-on	
  in	
  health	
  and	
  disease	
  

•  Understanding	
  selec-on	
  in	
  cancer	
  evolu-on	
  
and	
  an-bio-c	
  resistance	
  evolu-on.	
  

Evolu-onary	
  medicine	
  research	
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Key Question 1 
•  Natural	
  selection	
  allows	
  the	
  healthiest	
  and	
  
most	
  disease-­‐free	
  individuals	
  to	
  survive	
  
and	
  pass	
  their	
  genes.	
  Wouldn’t	
  humans	
  
evolve	
  towards	
  health?	
  

Answer: no	
  

•  Case	
  in	
  point:	
  Breast	
  Cancer	
  genes	
  BRCA	
  
•  Selection	
  apparently	
  maintains	
  genetic	
  
“achilles	
  heels”	
  in	
  generation	
  after	
  
generation.	
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Key Question 2	
  

•  Do	
  we	
  evolve	
  towards	
  longevity?	
  Does	
  natural	
  
selection	
  favor	
  long	
  life?	
  	
  

Answer 2	
  

•  Not	
  necessarily	
  
•  You	
  are	
  product	
  of	
  innumerable	
  ancestors	
  
who	
  survived	
  until	
  reproduction	
  

•  Natural	
  selection	
  should	
  promote	
  survival	
  
during	
  childhood	
  and	
  early	
  adulthood	
  

•  Selection	
  rewards	
  reproductive	
  success	
  not	
  
longevity	
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Room	
  for	
  improvement	
  

Selec-on	
  in	
  trauma	
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Medical	
  Decision	
  Making	
  

Evolu-on	
  and	
  Cancer	
  Care	
  

•  Adapta-on	
  at	
  the	
  cellular	
  level	
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Improving	
  Medicine	
  with	
  Evolu-on	
  

Importa
nce of  

Phylogenetics 

Implications of  

 Adaptation 
Acting as an 

 Agent of S
election 

Competitio
n 

between 

Genomes 

New	
  Journals	
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New	
  Textbooks	
  

New	
  Training	
  Opportuni-es	
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Success in this class	
  
•  Show	
  up,	
  par-cipate	
  
•  Wri-ng	
  projects	
  on	
  -me	
  and	
  in	
  person	
  
•  Do	
  not	
  plagiarize	
  
•  Points	
  off	
  for	
  late	
  assignments	
  
•  Let	
  us	
  know	
  in	
  advance	
  if	
  you	
  can’t	
  make	
  a	
  
class	
  for	
  some	
  reason.	
  

•  WriGen	
  and	
  oral	
  communica-ons	
  skills	
  
•  Cri-cal	
  thinking	
  skills	
  
•  Be	
  crea-ve	
  
	
  


