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 Pathogenic protozoan species are commonly studied because they are a major

cause of mortality and morbidity in humans and domestic animals throughout the

world.

 We have developed an automatic methodology to reconstruct the phylogenetic

species tree in Protozoa integrating different phylogenetic algorithms and

programs.

 We demonstrate the utility of a supermatrix approach to construct phylogenomic

trees using 31 universal representative orthologs.

 These universal orthologs are involved in metabolic pathways, thus might

potentially provide some extra information for the understanding of the

phylogenetic relationships and evolutionary processes of Protozoa.

Background



 Illness caused by parasitic Protozoa are a major cause of disease
worldwide, but because they are concentrated in low socio-
economic parts of the world, they receive relatively little attention
from the pharmaceutical industry and major scientific funding
agencies.

 Of the ten diseases targeted as research priorities by the World
Health Organization’s Special Program for Research and Training
in Tropical Diseases (http://www.who.int/tdr) four are caused by
protozoan parasites (malaria, leishmaniasis, Chagas disease,
African tripanosomiasis).

 These diseases and other less dangerous ones (e.g. amoebiasis
and trichomoniasis) are having an alarming increase of
refractoriness cases to the main treatment. Treatment failure has
potentially a multifactorial origin with one of the major concerns
being drug resistance.

 Phylogenomics is being intensively used in the “Post Genomic
Era”. Many different phylogenetic trees have been published on the
basis of different models of sequence evolution and utilization of
different parameter settings and algorithms.

Introduction

Trypanosoma cruzi
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Plasmodium falciparum



 Although, the rRNA and other
single genes have been
extremely valuable for
phylogenetic studies but they
have their limitations.

 Chaudhary (2005) and Keeling
(2005) showed results on
available sequencing data.

 Phylogenetic analysis defined
five supergroups of eukaryotes:
(i) the plant and red/green algal
lineage;

(ii) a clade comprised of
animals, fungi, slime molds and
amebozoans;

and three groups that are
entirely protozoan:

(iii) chromalveolates,

(iv) excavates and

(v) rhizaria.

Introduction



Universal Orthologs:

Ciccareli et al (2006): UO for tree of life

Serra et al (2008): Orthosearch



Science. 2006 Mar 3;311(5765):1283-7. 



Selection and preparation of marker gene families

 We based our methodology on Ciccarelli et al. (2006) study for the selection and
construction of the species tree.

 Thirty-one universal orthologous (UO) genes were downloaded in fasta format from
GenBank and then aligned using MAFTT (version 5.861)

Selection and preparation of marker gene families for protozoan species trees

 Hidden Markov Models (HMM) profiles were constructed for the 31 UO (local
database) set and queried against all Protozoa sequences available in Refseq (RefSeq-
release35.catalog-01/11/2009) and Genbank (NCBI-Flat File Release 172.0-
06/15/2009).

 HMM profiles were created (hmmbuild) and calibrated (hmmcalibrate) using
HMMER version 2.3.2 and searches done using hmmpfam with e-value “1e-5” as cut-
off.

Those best hmmpfam hits of each of the 31 UO against protozoan genomes were used
to construct individual multiple alignments (Mafft v5.861).

Methods



 Methodology 1 (M1):

Those individual alignments were concatenated, then resulting in a global
supermatrix of 21,260 positions in a total of 74 species.

 This supermatrix was used to generate a tree with PHYML using 100 bootstrap
replicates and the JTT matrix.

 Methodology 2 (M2):

 Those individual alignments were trimmed using TrimAl v1.2 aiming to
eliminate the most variable regions of each of them. Those remaining conserved
blocks were then concatenated, resulting in a global supermatrix of 12,807
positions in a total of 74 species.

 This supermatrix was used to generate a tree with PHYML using 100 bootstrap
replicates and the JTT matrix.

Methods
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Figure 2. Algorithm for Supermatrix versus Supertree construction.



 We reconstructed the protozoan species tree using several automated bioinformatics
tools: downloaded 31 universal UO from GenBank, built HMM profiles with them,
searched those profiles in protozoan genomes (43 species) and related species (31
species) showing different level of completeness/coverage.

 The species tree was formed by 3 major clades that were related to 3 groups of data:

(i) 26 species composed of at least 80% of UO (25/31) called G1,

(ii) 12 species composed of 50-79% (15-24/31) of UO called G2 and

(iii) 36 species composed of less than 50% (1-14/31) of UO called G3.

Results



Results

Figure 1. Phylogenomic supermatrix radiation tree of protozoan using masked sequences with TrimAl.

Was used a supermatrix of 12,807 positions in the total 74 protozoan species. Maximum likelihood tree was

constructed with Phyml, JTT as evolutionary model and bootstrap 100. (C1 is red, C2 blue and C3 black).

C1: 26 sp - at least 80% of UO

C2: 12 sp - between 50-79% of UO

C3: 36 sp - less than 50% of UOE
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 C1 was composed by only protozoan species, C2 was composed by rodophyta,
cryptophyta, glaucocystophyceae, stramenopiles species, and C3 was composed by
some species of C1 and C2.

 C1 presented monophyly of Protozoa, C2 presented monophyly of species related to
Protozoa, and C3 polytomy of some Protozoa and related species. The more UO
included in the supermatrix the better was the tree robustness inside the 3 clades.

 Figure 2 shows the comparison of trees using no masked (M1) and TrimAl masked
(M2) sequences. Both methodologies showed very similar topologies, however the
tree utilizing TrimAl masked sequences showed higher bootstrap values. Figure 1 is
the same tree using TrimAl masked sequences but presented as radiation tree.

Results



Results

Figure 2. Phylogenomic supermatrix trees of protozoan using total sequences and conserved blocks (TrimAl)

sequences. Were used supermatrixes of 12,807 and 21,260 positions respectively in 74 species. Maximum likelihood

tree was constructed with Phyml, JTT as evolutionary model and bootstrap 100. (C1 is red, C2 blue and C3 black).
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Most variable regions trimmed (>80 UO): Clade 1 (zoom)



 We have presented a phylogenomic-based overview for Protozoa. Relationships
between protozoan groups are in agreement with previous studies, showing
monophyly for protozoan.

 On the other hand, phylogenetic information inferred from C3 is questionable due to
incomplete genomes, suggesting that using less than 15 universal UO for
phylogenomic reconstruction is not reliable.

 The inclusion of more data/genes is necessary to obtain a robust tree.

 Our phylogenomic-based methodology using a supermatrix approach proved to be
reliable with protozoan genome data, suggesting that (a) more universal UO used the
better, and (b) using the entire UO sequence or just a conserved block of it produce
similar reliable results.

 Finally, we need to investigate further if this methodology could be extrapolated or
reproduced to other taxonomic groups.

Conclusion



ProtozoaDB
http://protozoadb.biowebdb.org











Sistema baseado na web para a execução do pipeline de genotipagem e 

visualização dos resultados.

Página de Internet construída para a execução do pipeline de genotipagem via web, onde é possível 

optar em se utilizar o pipeline de desenho de iniciadores, o pipeline de anotação de sequências



Methodology
DNA extraction

PCR using 33 pair of designed primers

Agarose gel visualization

PCR product purification

Sequencing

Annotation 

Phylogenetic analyses



L. braziliensis

L. infantum

L. major

T.brucei

T.cruzi

P. falciparum

P. vivax

L. braziliensis

L. infantum

L. major

T.brucei

T.cruzi

P. falciparum

P. vivax

Alinhamento dos Iniciadores COG0092F e COG0092R 

no gene da Proteína Ribossomal   S3
Forward primer (COG0092F) in the multiple alignment

Reverse primer (COG0092F) in the multiple alignment



Genotyping system visualization (multiple alignment) using 

Jalview



Phylogenetic tree inferred with 

Maximum Likelihood for 

KOG0400 (Ribosomal protein 

S15P/S13E). 1000 replications 

(bootstrap). Sequences from 

genbank and generated with our 

primers are shown.



Methodology: short version

380 sequences from 36 UO
220 sequences validated, 

corresponding to 20 UO

33 pair of primers designed

8 pair of primers with 

good potential for 

multiplex PCR

Sequencing of 4 genes

Genotyping: 

2 genes showed good 

potential/variability

Genotyping: 

2 genes showed low 

variability



OrthoSearch Workflow  (Orthologs inference)

COG/KOG

DB
MAFFT hmmbuild

fastacmdformatdb

hmmsearch

hmmcalibrate

Ptn

DB

Reciprocals

Best Hits Finder

InterPRO
Reannotated 

sequences

hmmpfam

HMMER

BLAST

Conceptual
Pipeline

http://images.google.com.br/imgres?imgurl=http://www.worldstart.com/store/images/dexter-lab-science.jpg&imgrefurl=http://forum.joomla.org/viewtopic.php?f=30&t=223&start=30&h=220&w=175&sz=7&hl=pt-BR&start=119&um=1&tbnid=BJAqgB85eUlJYM:&tbnh=107&tbnw=85&prev=/images?q=dexter+lab&start=100&ndsp=20&um=1&hl=pt-BR&rlz=1T4GGIH_pt-BRBR205BR205&sa=N


OrthoSearch results



Protozoan Orthologs

(OrthoMCL-based)

* Some can be protozoa-specific







GRID: http://grid.biowebdb.org



http://arpa.biowebdb.org



http://stingray.biowebdb.org
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