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Question: which tree?
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The evidence
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Incomplete lineage sorting?

Figure 3



The power of comparative genomics:
The AAA Project



The genomes

Compiled by Don Gilbert, Indiana University



Phylogenetic analysis using Transposable Elements



Phylogenetic analysis using Transposable Elements?

• Many methods for finding transposable elements:
• BLASTER, ReAS, PILER, RepeatMasker,…

• Difficult to establish homology

• Existing phylogenetic methods mostly based on the
  analysis of families.



Phylogenetic analysis using Transposable Elements
Previous Work

Xing et al., Molecular
Phylogenetics nad
Evolution, 2005.



Phylogenetic analysis using Transposable Elements
Previous Work

Xing et al., Molecular Phylogenetics nad Evolution, 2005.



Phylogenetic analysis using Transposable Elements
in silico



Obtaining the data

• Transposable Element Annotation

 

• A. Caspi and L. Pachter, Identification of transposable elements using multiple alignments of related genomes, GR 16 (2006).

• Multiple Sequence Alignment

• C. Dewey and L. Pachter, Whole Genome Mapping, in preparation.

•N. Bray and L. Pachter, MAVID: Constrained ancestral alignment of multiple sequences, GR 14 (2004), p 693--699.

• Gene Finding

• S. Chatterji and L. Pachter, GeneMapper: Reference based annotation with GeneMapper, Genome Biology (2006).

GTCGCTCAACCAGCATTTGCAAAAGTCGCAGAACTTGCGCTCATTGGATTTCCAGTACTC
GTCGCTCAGCCAGCATTTGCAGAAGTCGCAGAACTTGCGCTCGTTTGATTTCCAGTACTC
GTCGCTTAACCAGCATTTACAGAAATCGCAATACTTGCGTTCATTGGATTTCCAGTACTC
GTCGCTCAGCCAGCACTTGCAGAAGTCGCAGTACTTGCGCTCGTTTGATTTCCAGAATTC
GTCGCTCAGCCAGCATTTGCAGAAGTCGCAGAACTTCCGCTCGTTTGACTTCCAGTACTC
****** * ****** ** ** ** *****  **** ** ** ** ** ****** * **



Novel approach to finding TEs

Caspi and Pachter, Genome Research 2006.
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Mercator: Multiple whole-genome
orthology map construction

• Uses coding exons (predicted and experimental) as anchors

 Computes all pairwise similarities between exons using protein
sequence

 Finds highest-scoring exon cliques: a set of exons, each exon in a
different genome and having hits to all of the other exons

 Forms runs of cliques that are adjacent and consistent in every genome

 Gives highest priority to large cliques (e.g. one that is in all genomes).
Smaller cliques that are inconsistent with adjacent large cliques are
filtered out.

 Outputs runs of cliques as orthologous segments

 Set of orthologous segments forms an orthology map



Mercator: Input

Species 1

Species 2

Species 3

anchors (circles) and similarity hits (arrows)



Mercator: Clique/Run Finding

Species 1

Species 2

Species 3

Colored anchors are found to be part of a run



Mercator: Orthologous Segments

Species 1

Species 2

Species 3

Runs define boundaries of orthologous segments



MAVID architecture overview

AVID
ML ancestor



Repeat Masking

Match finding

Anchor selection

Base pair alignment Split sequences
using anchors

Enough 
anchors?

Recursion

No Yes

AVID
architecture

overview
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Ancestral sequences are estimated
based on an evolutionary model. The
Q-matrix, estimated from exon
alignments is shown above.

MAVID details

Iterative refinement

“EM” progressive tree



MAVID/MERCATOR alignments
http://www.biostat.wisc.edu/~cdewey/fly_CAF1/



Mercator: Clique/Run Finding

Species 1

Species 2

Species 3

•Uses coding exons (predicted and experimental) as anchors



GeneMapper

• Transfer annotations from reference to target species
– Map each exon and then join the exon predictions together

(look for exon splitting/fusion later)
– Makes DP possible (exons much shorter than introns)
– For multiple species, use profiles to improve accuracy

Chatterji and Pachter, Genome Biology, 2006.



1996719931383407D. melanogaster

None41663D. virilis

NoneNoneNoneD. grimshawi

None2361D. mojavensis
None4035042D. pseudoobscura
None11NoneD. ananassae
None6NoneD. erecta
None80811015D. yakuba
None805013D. simulans

RefSeqmRNAsESTsSpecies

Source : UCSC browser



The reference genome



Protein Alignment Approach

• Procrustes [Gelfand at al. 1996]

• GeneWise [Birney at al. 2004]

– Integral part of the ENSEMBL gene annotation
pipeline.

• Not aware of exon/intron boundaries.
• Accuracy decreases when sequence identity is

low.

Reference Protein

Genomic Sequence



Similarity Based Approach

• Projector [Meyer and Durbin 2004]

– Predicts the global gene structure using a pair HMM.
– Uses heuristics to decrease the search space.

• GeneMapper
– Uses a bottom up algorithm for predicting the gene

structure.
• Not suitable if the exon/intron structure of the gene has

diverged a lot.

Reference Gene

Target Sequence



The GeneMapper Algorithm

• Bottom Up Algorithm
– Predict the ortholog of each reference exon in the

target sequence.
– Join exon predictions together to predict gene

structure.

• Multiple Species GeneMapper
– Uses all available information if the gene has to be

mapped into multiple target species.
– Uses a profile based approach to get more accurate

annotations in evolutionary distant species.





Mapping Exons Accurately

• Predicting the ortholog of a reference exon in
the target sequence
– Accurately model the evolution of exons.
– Use StrataSplice to model splice sites.



• Use version of Smith
Waterman algorithm.
– Exact Optimization

feasible.

• Green edges to
model the evolution
of codons.
– Uses 64 * 64 COD

distance matrices.

• Red edges to allow
for frameshifts.

Mapping Exons Accurately



• Generates a gene profile of orthologous genes.

• A more complete characterization than a single gene.

•  Each column contains an alignment of orthologous codons.

•  Special columns of width 1 are allowed to account for frameshifts
and sequencing errors.

Multiple Species GeneMapper



Exploiting Phylogeny : Species
Hopping



Exploiting Phylogeny : Species
Hopping

Map gene into closest species



Exploiting Phylogeny : Species
Hopping

Map gene into closest species



Exploiting Phylogeny : Species
Hopping

Add the prediction to the profile



Exploiting Phylogeny : Species
Hopping

Use profile to map gene into the next closest species



Annotation Statistics

N/A1348819697D. melanogaster

134511030516032D. virilis

131071006315700D. grimshawi

131921021415908D. mojavensis
145951086716651D. pseudoobscura
158581156117398D. ananassae
182031268218700D. erecta
176141259418551D. yakuba
170741235318274D. simulans

CompleteUniqueTranscriptsSpecies



Comparison with Existing
Programs

99.9999.7199.29Nucl Sp
99.9999.3099.07Nucl Sn
97.7993.4490.46Exon Sp
97.1592.7294.19Exon Sn
81.5460.7959.13Gene Sp
81.5460.7959.13Gene Sn
GeneMapperGeneWiseProjector



Novel approach to finding TEs

Caspi and Pachter, Genome Research 2006.



Data consists of splits
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       3  DroAna_CAF1_DroPer_CAF1_DroPse_CAF1_DroSim_CAF1
       1  DroAna_CAF1_DroPer_CAF1_DroPse_CAF1_DroSim_CAF1_DroWil_CAF1
       3  DroAna_CAF1_DroPer_CAF1_DroPse_CAF1_DroSim_CAF1_DroWil_CAF1_DroYak_CAF1
       3  DroAna_CAF1_DroPer_CAF1_DroPse_CAF1_DroSim_CAF1_DroYak_CAF1
       6  DroAna_CAF1_DroPer_CAF1_DroPse_CAF1_DroVir_CAF1
      16  DroAna_CAF1_DroPer_CAF1_DroPse_CAF1_DroVir_CAF1_DroWil_CAF1
      61  DroAna_CAF1_DroPer_CAF1_DroPse_CAF1_DroWil_CAF1
       4  DroAna_CAF1_DroPer_CAF1_DroPse_CAF1_DroWil_CAF1_DroYak_CAF1
       8  DroAna_CAF1_DroPer_CAF1_DroPse_CAF1_DroYak_CAF1
       1  DroAna_CAF1_DroPer_CAF1_DroSec_CAF1
       1  DroAna_CAF1_DroPer_CAF1_DroSec_CAF1_DroSim_CAF1
       1  DroAna_CAF1_DroPer_CAF1_DroVir_CAF1
       1  DroAna_CAF1_DroPer_CAF1_DroVir_CAF1_DroYak_CAF1
       2  DroAna_CAF1_DroPer_CAF1_DroWil_CAF1
      62  DroAna_CAF1_DroPse_CAF1
       1  DroAna_CAF1_DroPse_CAF1_DroSim_CAF1_DroYak_CAF1
       2  DroAna_CAF1_DroPse_CAF1_DroVir_CAF1
       1  DroAna_CAF1_DroPse_CAF1_DroVir_CAF1_DroWil_CAF1
       5  DroAna_CAF1_DroPse_CAF1_DroWil_CAF1
       2  DroAna_CAF1_DroPse_CAF1_DroYak_CAF1
      59  DroAna_CAF1_DroSec_CAF1
      13  DroAna_CAF1_DroSec_CAF1_DroSim_CAF1
       1  DroAna_CAF1_DroSec_CAF1_DroSim_CAF1_DroWil_CAF1
       1  DroAna_CAF1_DroSec_CAF1_DroSim_CAF1_DroWil_CAF1_DroYak_CAF1
       3  DroAna_CAF1_DroSec_CAF1_DroSim_CAF1_DroYak_CAF1
       1  DroAna_CAF1_DroSec_CAF1_DroVir_CAF1_DroWil_CAF1
       1  DroAna_CAF1_DroSec_CAF1_DroVir_CAF1_DroYak_CAF1
       2  DroAna_CAF1_DroSec_CAF1_DroWil_CAF1
       1  DroAna_CAF1_DroSec_CAF1_DroYak_CAF1
      35  DroAna_CAF1_DroSim_CAF1
       2  DroAna_CAF1_DroSim_CAF1_DroWil_CAF1
       7  DroAna_CAF1_DroSim_CAF1_DroYak_CAF1
      70  DroAna_CAF1_DroVir_CAF1
       6  DroAna_CAF1_DroVir_CAF1_DroWil_CAF1
     403  DroAna_CAF1_DroWil_CAF1
       9  DroAna_CAF1_DroWil_CAF1_DroYak_CAF1
       .
       .
       . �

The data



Phylogenetics with splits





http://rana.lbl.gov/drosophila/wiki/index.php/Main_Page


