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I	
  am	
  a	
  wildlife	
  disease	
  ecologist	
  

My	
  favorite	
  organisms	
  to	
  study	
  
are	
  wild	
  birds	
  &	
  viruses	
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! ! ! ! ! ! !  thinking!
! ! ! ! ! !	
  
	
  



PhylogeneDc	
  trees…	
  
•  are	
  graphs	
  with	
  nodes	
  &	
  edges	
  
•  organisms	
  are	
  connected	
  by	
  the	
  passage	
  of	
  
genes	
  along	
  branches	
  of	
  the	
  tree	
  

•  models	
  evoluDon	
  as	
  	
  
	
  	
  	
  	
  a	
  bifurcaDng	
  	
  
	
  	
  	
  	
  process	
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PhylogeneDc	
  trees	
  are	
  useful	
  for	
  inferring	
  
evoluDonary	
  relaDonships…	
  

…but	
  usefulness	
  is	
  influenced	
  by	
  sampling	
  (i.e.	
  
how	
  well	
  the	
  samples	
  represent	
  the	
  populaDon)	
  



        Tree !
! ! ! ! ! !terminology	
  
	
  





MonophyleDc	
  



ParaphyleDc	
  



PolyphyleDc	
  



CuKng	
  with	
  scissors	
  



        Branching !
! ! ! ! ! !	
  
	
  



Binary	
  branching	
  
	
  
•  A	
  fully	
  binary	
  tree	
  is	
  called	
  ‘fully	
  resolved’	
  

•  What	
  about	
  cases	
  where	
  one	
  	
  
	
  	
  	
  lineage	
  splits	
  simultaneously	
  	
  
	
  	
  	
  into	
  mulDple	
  descendants?	
  



DeviaDons	
  from	
  binary	
  branching	
  

•  Polytomy	
  a	
  node	
  with	
  >2	
  descendent	
  lineages	
  

– Hard	
  polytomy	
  =	
  real	
  speciaDon	
  event	
  involving	
  	
  
	
  	
  	
  	
  >	
  2	
  lineages	
  diverging	
  from	
  a	
  common	
  ancestor	
  
– SoW	
  polytomy	
  =	
  insufficient	
  phylogeneDc	
  
informaDon,	
  uncertain	
  	
  

	
  	
  	
  	
  tree	
  topology	
  (uh	
  oh)	
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DeviaDons	
  from	
  binary	
  branching	
  

Wagner et al. (2012) Ecological opportunity and sexual selection together predict 
adaptive radiation. Nature: doi:10.1038/nature11144 
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The	
  Origin	
  of	
  Species	
  

Father of evolution: 
Chuck D. 
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Characters	
  vs	
  States	
  

•  Character	
  is	
  an	
  a[ribute	
  that	
  can	
  potenDally	
  
vary	
  at	
  the	
  Dps	
  (ie.	
  hair	
  color)	
  

•  State	
  are	
  alternaDve	
  versions	
  of	
  the	
  same	
  
character	
  (ie.	
  black,	
  brown,	
  blonde)	
  



Example:	
  DNA	
  sequence	
  
Character	
  (site)	
  

State	
  (nucleoDde)	
  



Roots	
  



RooDng	
  trees	
  
•  Trees	
  can	
  be	
  rooted	
  or	
  unrooted	
  
•  Rooted	
  trees	
  indicate	
  flow	
  of	
  Dme	
  i.e.	
  Dme-­‐calibrated	
  tree	
  

•  An	
  outgroup	
  is	
  oWen	
  used	
  to	
  root	
  (ie.	
  taxa	
  known	
  to	
  be	
  	
  
	
  	
  	
  	
  distantly	
  related	
  to	
  ingroup)	
  
	
  

•  One	
  node	
  between	
  outgroup	
  
	
  	
  	
  	
  and	
  ingroup	
  is	
  idenDfied	
  	
  
	
  	
  	
  	
  as	
  the	
  root	
  
	
  
	
  
	
  	
  



RooDng	
  trees	
  



Flipping	
  branches	
  



Dynamic	
  trees	
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How	
  to	
  build	
  a	
  phylogeneDc	
  tree	
  

1	
   • Collect	
  data	
  i.e.	
  DNA	
  

2	
   • Retrieve	
  homologous	
  sequences	
  

3	
   • MulDple	
  sequence	
  alignment	
  

4	
   • Model	
  selecDon	
  

5	
   • Assessing	
  confidence	
  in	
  topology	
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Retrieve	
  homologous	
  sequences	
  

•  Common	
  tool:	
  BLAST	
  (Basic	
  Local	
  Alignment	
  
Search	
  Tool)	
  used	
  to	
  find	
  homologs	
  

•  BLAST	
  finds	
  homologs	
  by	
  locaDng	
  short	
  
matches	
  between	
  sequences	
  (aa=3,	
  nt=11)	
  

•  Pros:	
  quick	
  and	
  easy,	
  relaDvely	
  accurate	
  
•  QuesDon:	
  what	
  bacterial	
  species	
  share	
  
common	
  ancestry	
  with	
  my	
  isolate	
  of	
  interest?	
  



How	
  to	
  score	
  homologues	
  

•  Use	
  E-­‐values,	
  not	
  percent	
  idenDfy	
  to	
  infer	
  
homology	
  

•  E-­‐value	
  =	
  number	
  of	
  hits	
  one	
  can	
  expect	
  to	
  
see	
  by	
  chance	
  	
  

•  The	
  lower	
  the	
  E-­‐value	
  the	
  more	
  significant	
  the	
  
match	
  (ie.	
  the	
  be[er!)	
  

•  E-­‐	
  value	
  <0.001	
  is	
  significant	
  for	
  most	
  searches	
  



E-­‐values	
  



E-­‐values	
  

1)	
  Number	
  of	
  sequences	
  in	
  
the	
  database	
  

• Problem:	
  greater	
  chance	
  of	
  
finding	
  ‘matches’	
  in	
  larger	
  
databases	
  (too	
  much	
  noise)	
  

•  Fix:	
  use	
  smaller	
  databases,	
  
likely	
  to	
  contain	
  your	
  isolate	
  
to	
  reduce	
  overesDmaDng	
  
the	
  E-­‐value	
  

2)	
  Length	
  of	
  the	
  search	
  query	
  

• Problem:	
  greater	
  chance	
  of	
  
finding	
  a	
  match	
  if	
  your	
  
sequence	
  is	
  short	
  

•  Fix:	
  use	
  shallow	
  scoring	
  
matrices	
  to	
  reduce	
  
overesDmaDng	
  the	
  E-­‐value	
  
for	
  short	
  reads	
  

Two	
  important	
  parameter	
  can	
  influence	
  the	
  E-­‐value…	
  



E-­‐values:	
  quick	
  fix	
  

Narrow	
  down	
  the	
  size	
  of	
  your	
  search	
  by	
  nominaDng	
  a	
  specific	
  database	
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EvoluDon	
  of	
  DNA	
  sequences	
  

•  EvoluDon	
  of	
  visible	
  (phenotypic)	
  characters	
  is	
  
the	
  result	
  of	
  changes	
  at	
  the	
  molecular	
  level	
  

•  3	
  types	
  of	
  mutaDons:	
  	
  
–  inserDons	
  (frameshiW)	
  
– deleDons	
  (frameshiW)	
  
– subsDtuDons	
  

refresher	
  



Types of mutations: Frameshift 

Insertion: addition 
of cytosine 

Deletion: removal 
of adenine 

Result: reading frame downstream of mutation is changed  codons are misaligned 
 translation of non-functional protein  deleterious effect on organism  

Normal 



Types of mutations: Substitution 

Substitution:  
cytosine – thymine   

Result: reading frame preserved  different protein is translated  
 if neutral or beneficial impact on phenotype then selection occurs 

Normal 



MulDple	
  sequence	
  alignment	
  
•  InserDons	
  &	
  deleDons	
  (‘indels’)	
  obscure	
  sites	
  
that	
  are	
  homologous	
  (=	
  traits	
  descended	
  from	
  
common	
  ancestor)	
  

•  Goal	
  of	
  MSA	
  is	
  to	
  introduce	
  gaps	
  so	
  that	
  
nucleoDdes	
  in	
  same	
  column	
  are	
  homologous	
  



MSA	
  in	
  acDon	
  

Common	
  ancestor	
  

4	
  x	
  descendent	
  taxa	
  



MSA	
  in	
  acDon:	
  great	
  apes	
  

•  Finding	
  homology	
  by	
  scoring	
  	
  
	
  	
  	
  	
  the	
  matrix:	
  

– Reward	
  matches	
  (+	
  scores)	
  
– Penalize	
  subsDtuDons	
  (-­‐	
  scores)	
  
– Penalize	
  gaps	
  (-­‐-­‐	
  scores)	
  

•  Goal	
  is	
  to	
  find	
  an	
  alignment	
  that	
  maximizes	
  
the	
  total	
  score	
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          Model !
! ! ! ! ! ! ! !selection	
  
	
  



Model	
  selecDon	
  

•  Scoring	
  a	
  matrix	
  can’t	
  tell	
  you	
  which	
  traits	
  are	
  
derived	
  and	
  which	
  are	
  ancestral	
  

•  Need	
  trees	
  to	
  infer	
  evoluDonary	
  relaDonships	
  
•  Choose	
  the	
  simplest	
  or	
  most	
  likely	
  tree	
  
corresponding	
  to	
  the	
  matrix	
  

Parsimony	
   Neighbor-­‐
joining	
  

Minimum	
  
evoluDon	
  

Maximum	
  
likelihood	
  

Bayesian	
  
inference	
  



Simplest	
  vs	
  most	
  likely	
  

•  We	
  need	
  a	
  metric	
  to	
  decide	
  which	
  trees	
  are	
  
be[er	
  and	
  which	
  trees	
  are	
  worse	
  

•  OpDmality	
  criterion	
  =	
  a	
  metric	
  of	
  quality	
  (i.e.	
  
tree	
  length,	
  parsimony	
  or	
  likelihood)	
  used	
  to	
  
assess	
  the	
  opDmal	
  tree	
  



OpDmality	
  criteria	
  

Maximum	
  
Parsimony	
  

Neighbor-­‐
joining	
  

Minimum	
  
evoluDon	
  

Maximum	
  
likelihood	
  

Bayesian	
  
inference	
  

Which	
  methods	
  use	
  an	
  opDmality	
  criteria	
  to	
  decide	
  on	
  best	
  tree?	
  



OpDmality	
  criteria	
  

Maximum	
  
Parsimony	
  

Neighbor-­‐
joining	
  

Minimum	
  
evoluDon	
  

Maximum	
  
likelihood	
  

Bayesian	
  
inference	
  

Least	
  
evoluDonary	
  

change	
  

Least	
  
evoluDonary	
  

change	
  

	
  
Most	
  likely	
  

	
  

Most	
  likely	
  
(given	
  prior	
  
informaDon)	
  



      Neighbor-joining	
  
	
  



      Assessing
! ! ! ! ! ! ! ! !confidence	
  



Assessing	
  confidence	
  

•  Trees	
  obtained	
  by	
  phylogeneDcs	
  are	
  subject	
  to	
  
error	
  like	
  all	
  other	
  scienDfic	
  hypotheses	
  

•  A	
  tree	
  will	
  be	
  generated	
  regardless	
  of	
  whether	
  
there	
  is	
  a	
  phylogeneDc	
  signal	
  

•  Need	
  to	
  quanDfy	
  how	
  strongly	
  data	
  supports	
  
each	
  of	
  the	
  relaDonships	
  in	
  the	
  tree	
  

•  What	
  is	
  the	
  extent	
  to	
  which	
  characters	
  within	
  
a	
  matrix	
  contradict	
  each	
  other?	
  



Bootstrapping	
  

•  Typically	
  tackled	
  with	
  a	
  staDsDcal	
  test	
  called	
  
bootstrapping	
  

•  Assesses	
  chances	
  of	
  recovering	
  a	
  parDcular	
  
clade	
  again	
  if	
  we	
  randomly	
  re-­‐sample	
  our	
  data	
  

•  Data	
  matrix	
  is	
  sampled	
  with	
  replacement	
  to	
  
produce	
  pseudo-­‐replicate	
  datasets	
  

•  Measures	
  which	
  parts	
  of	
  the	
  tree	
  are	
  weakly	
  
supported	
  with	
  a	
  low	
  bootstrap	
  %	
  



Bootstrap	
  cut-­‐offs	
  

•  Exact	
  interpretaDon	
  of	
  bootstrap	
  %	
  is	
  elusive	
  
•  Higher	
  is	
  be[er	
  but	
  what	
  is	
  a	
  reasonable	
  cut-­‐
off?	
  70%?	
  

•  Warning:	
  bootstrapping	
  predicts	
  whether	
  the	
  
same	
  result	
  would	
  occur	
  	
  

	
  	
  	
  	
  if	
  more	
  data	
  were	
  collected	
  	
  
	
  	
  	
  	
  not	
  whether	
  the	
  result	
  is	
  	
  
	
  	
  	
  	
  correct	
  	
  


