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Shared E. coli proteins.

Welch R A et al. PNAS 2002;99:17020-17024



Lateral Gene Transfer (LGT)

http://www.scq.ubc.ca/attack-of-the-superbugs-antibiotic-resistance/

Types of LGTs
• novel gene acquisition
• orthologous gene replacement









Overview
Parametric methods (based on genome signatures)
• CG-content
• Codon bias
• k-nucleotide frequencies

Phylogenetic methods
• Explicit: tree reconciliation
• Implicit: based on underlying tree, but no tree 

inference/reconciliation



Parametric Methods



Genome signatures

Deschavanne et al.

Representation of 7-nucleotide frequencies
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The Horizontal Transfer Index is the average P(COD1|F) 
value over a window of size 96 bp, slid on the gene 

sequence by a step of 12 bp

F: hexamer
CODi: coding in frame i
NON: non-coding
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Nakamura et al. Nat Gen 2004



Parametric Methods: 
Limitations

• “Amelioration”: adjustment of laterally 
transferred gene to the nucleotide 
composition of its new host.
→ restricted to relatively recent transfers

• Donor species are difficult to identify

• Only works for genes transferred from 
species with significantly different 
parameters





Phylogenetic Methods



Phylogenetic Methods:
Overview

• Explicit (reconstruct trees)

• Discordance

• Model-based

• Implicit (rely indirectly on tree)



Discordance
(plurality signal = “species tree”)

But (5-30% FP on simulation w.o. LGT)



• Considered 144 prokaryotes
• Built Bayesian trees for 22,437 families
• Combined them into a supertree
• Incongruence between bipartitions with high posterior 

probability and supertree suggests LGT:

• Heuristic to find SPR-moves to explain incongruences



Beiko et al. Highways of gene sharing in prokaryotes. PNAS (2005)



Explicit, Model-Based

• Usually based on subtree prunning and regraft (SPR)

• If only interested in the “prunning” -> Maximum 
Agreement Forest Problem (smallest number of edges 
to cut in 2 trees to yield two identical forests of rooted 
subtrees)

• SPR distance between two unrooted binary trees is 
NP-hard
→ practical algorithms are approximations





(2011)



(data from Zhaxybayeva et al. 2006)





(2010)







Riata-HGT on
true gene tree

-> “best-case” scenario
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Limitations of Explicit 
Phylogenetic Methods
• Factors other than LGT can lead to 

discordance.

• Cannot identify LGT between sister taxa.

• Relatively computationally expensive.

• Discordance: does not characterize the LGT: 
number of events, donor/recipient species, etc.

• Model-based: heuristic-based due to 
computational complexity



Implicit Phylogenetic 
Methods

Lawrence & Hartl 1992
Clarke et al. 2002
Novichkov et al. 2004
Choi & Kim 2007
Podell & Gaasterland 2007
Dessimoz et al. 2008
Kanhere & Vingron 2009









Comparative Genomics Using Pairwise Evolutionary Distances

DLIGHT

Algorithm

Model & assumptions

• Input: groups of non-paralogous sequences

�→ at most one sequence per species

• Interspecies distance: average distance over

groups

• gene tree = ratef × species tree



Comparative Genomics Using Pairwise Evolutionary Distances

DLIGHT

Algorithm

Algorithm

for all orthologous families f do
for all pairs d, r with a seq. in f do

if 2 ln
l(f ,d,r,δML)

l(f ,d,r,δ=∞) > χ
2(α, 1) then

the triplet (f,d,r) is a LGT transfer

d

r



Comparative Genomics Using Pairwise Evolutionary Distances
DLIGHT

Algorithm

Likelihood computation: the idea
• Observed distances

x= (x1,x2, . . . ,xn)T ∼�n(T,Σx)

• Modeled distances
y= (y1,y2, . . . ,yn)T ∼�n(T,Σy)

where yi = g(seqsi,d, r,δ)

• Thus, assuming that x,y are independent,

l(f ,d, r,δ) = pdf(x− y) = exp(− 1
2 (x−y)T(Σx+Σy)−1(x−y))�
(2π)n|Σx+Σy|
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Limitations of Implicit 
Phylogenetic Methods

• Cannot identify LGT between sister taxa

• Most methods do not characterize the 
LGTs identified: number of events, 
donor/recipient species, time of events, 
etc.



Outlook
• Traditionally parametric vs phylogenetic, but 

latter is gaining momentum because profits 
more from more genomes

• Somewhat fragmented community:

• Microbiologists: parametric methods
• Theoreticians: model-based phylo.
• Pragmatic bioinform: discordance

• I see potential for (1) comparing methods; (2) 
providing large-scale results into DB


