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New Theory 

GOAL: To develop theoretical and practical methods to 
guide performance of more cost-effective and accurate 
phylogenetic inference. 

Tools for marker selection are evolving 



AFToL-1 
Assembling the Fungal Tree of Life 

12 initial candidates. 
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Only	  a	  few	  of	  many	  possible	  genes	  have	  been	  used	  for	  
phylogene6cs	  
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Alignment Chronogram 

PI profiles derives from an alignment and a chronogram 
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Length (aa)  
Deep 

Ascomycota  
Gene  (400-600 MYA)  

RPA2  484 45.8 
RPA1  307 35.9 
EF-2  253 23.3 
SF3B1  422 26.7 
PC  246 19.1 
HSP70M  330 18.4 
RPC2-mid 230 17.4 
ARPC2  129 15.6 
β-Tubulin 	
 387 15.3 
RAN  114 2.1 

PI profiles derives from an alignment and a chronogram 



Analysis for 46 
genes within 
Ascomycetes 
reveals diversity 
of PI profiles 
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Informativeness of markers predicts support 
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PI predicts support across support 
measures and methods of inference 
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PI predicts a near optimal priority of loci to 
sequence  
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The most frequent genes used in phylogenetics 
exhibit a diversity of informativeness 

Schoch et al., 2009, Syst Biol 

AFToL-1 
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AFTOL 2 optimal marker selection 
RPB1 (beginning, middle, and end) / 
RPA1 + P-ATP + ARPC + MTAP / 
RPA1 + P-ATP + ARPC 



PhyDesign is an easy to use web app for 
obtaining PI profiles 



When input the data, only 3 steps are needed 



When input the data, only 3 steps are needed 



When input the data, only 3 steps are needed 



PhyDesign incorporates different substitution 
models to estimate the rates 



Analysis of the alignment and chronogram 
produces site rates for each locus 



PhyDesign displays PI profiles 
based on the inferred rates. 





Detailed 
instructions 
are available 
on the 
website 



PI predicts phylogenetic signal for a given gene, 
but does not quantify noise 

Townsend & Leuenberger 2011, Syst Biol Klopfstein et al. 2010, Syst Biol 



Theory can quantify the effect of 
parallelism and convergence 

SIGNAL NOISE

9

64
+
45

64
e
!16 "

i
T / 3

!
9e

!4"
i
T

8
+
9

32
e
!8"

i
T / 3

i=1

n

#

!4 1 3 • • •

4 !10 3 4 3 2 3 •

• 1 !4 2 3 •

• 2 8 3 !2 4

• • • 2 3 !4

AAAA

AAAB

AABB

AABC

ABCD

t0 T

e
! " 4T ! 2t0( )

! e
!" 4T ! t0( )

i=1

n

#



We are implementing this approach to remove 
noisy sites and, thus, improve resolution 

Mammal mitogenomics (11,549 bp) 
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New mammal phylogenetic 
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Conclusions 

Ø  PI predicts gene performance and it can be used to prioritize 
gene selection for specific phylogenetic inferences. 

 
Ø  PhyDesign is an easy to use web application for marker 
selection. 
	  	  	  	  h6p://phydesign.townsend.yale.edu 
 
Ø  Signal and Noise theory provides a way to quantify probability 
of resolution that incorporates the effect of noise.  It is 
incorporated to the PhyDesign web application. 



h6p://phydesign.townsend.yale.edu/	  



HPC	  Cluster	  at	  Yale	  



AFTOL 1 
Assembling the Fungal Tree of Life 

12 initial candidates. 

6 final genes: 
RPB1 - RNA polymerase II subunit A 
RPB2 - RNA polymerase II subunit B 
TEF - Translation elongation factor 
SSU - Small subunit rRNA 
LSU - Large subunit rRNA 
MSSU - mitochondria SSU rRNA  
 



We have expanded the PI to quantify the relative utility of 
increased taxonomic versus character sampling  
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PITA = e−2(T1+T 2)λi(1− e−t0λi)
i=1

n

∑ (1− e−(T1− t )λi)



Lopez-Giraldez & Townsend (submitted) Systematic biology  

To quantitatively evaluate phylogenetic informativeness as a 
procedure for selecting loci 

Genes were ranked by phylogenetic informativeness  
Vs 
 the accuracy and robustness of recovering the reference tree 

 Phylogenetic informativeness                                    _Research 
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Phylogene0c	  Informa0venesses	  of	  AFToL	  1	  genes	  

Schoch et al., 2009"



Create a web page with intuitive user friendly GUI to generate the 
profiles and quantitations. 

- Multi-locus analysis 
-  Integration over multiple epochs 
-  Tree aligned with profiles in time scale 
-  Graphics in SVG 

Web Browser 
Javascript / Ajax 

Server site 
CGI / PERL 

Web application for profiling phylogenetic information 
content of genes 





Calculate the probability of a site 
being informative, given a rate of 
evolution, λ, and letting t1 + t2 -> 0. 
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PI profile of RPB1 

Profiling	  PI	  allow	  us	  to	  iden0fy	  genes	  with	  high	  phylogene0c	  
informa0on	  content	  during	  experimental	  design	  	  
	  


