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Background

« Pathogenigorotozoanspeciesare commonly studiedbecausehey are a major
causeof mortality and morbidity in humansand domesticanimalsthroughoutthe
world.

« We have developedan automaticmethodologyto reconstructthe phylogenetic
species tree in Protozoa integrating different phylogenetic algorithms and
programs

« We demonstratéhe utility of a supermatrixapproacho constructphylogenomic
treesusing31 universalrepresentativerthologs

« These universal orthologs are involved in metabolic pathways, thus might
potentially provide some extra information for the understandingof the
phylogenetiaelationshipsandevolutionaryprocessesf Protozoa



Introduction

o lllInesscausedby parasiticProtozoaare a major causeof disease

worldwide, but becausethey are concentratedin low socic P B

economicpartsof the world, they receiverelatively little attention &

from the pharmaceuticalindustry and major scientific funding

agencies _
Trypanosoma cruzi

« Of the ten diseasegargetedas researchpriorities by the World

HealthOr g a n i ZSpetialRyogransfor Researcrand Training S

in Tropical Diseaseqhttp://www.who.int/tdr) four are causedby 15 =y
protozoan parasites (malaria, leishmaniasis, Chagas disease, N

African tripanosomiasis) -
Trypanosoma brucei

« Thesediseasesand other less dangerousones (e.g. amoebiasis |

and trichomoniasis) are having an alarming increase of . j
refractorinesscasesto the main treatment Treatmentfailure has j
potentially a multifactorial origin with one of the major concerns

beingdrugresistance
Leishmania major

« Phylogenomicdgs being intensively usedin the i P oGehomic R ©
E r aviany differentphylogenetidreeshavebeenpublishedon the ;% o
basisof different modelsof sequencevolution and utilization of ) O \
differentparametesettingsandalgorithms 8a00°% .%

Plasmodium falciparum
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Introduction

s Although, the rRNA andother
single genes have been
extremely valuable for
phylogenetic studies but they
havetheirlimitations

« Chaudhary(2005 andKeeling
(2005 showed results on
availablesequencinglata

» Phylogeneticanalysis defined
five supergroupof eukaryotes
(i) the plantandred/greeralgal
lineage

(i) a clade comprised of
animals,fungi, slime moldsand
amebozoans

and three groups that are
entirelyprotozoan

(i) chromalveolates,
(iv) excavatesand
(v) rhizaria



Universal Orthologs:

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

Serra et al (2008): Orthosearch



Toward Automatic Reconstruction
of a Highly Resolved Tree of Life

Francesca D. Cicaarelli,*** Tobias Doerks,** Christian von Mering,® Christopher ]. Creevey,!

Berend Snel,* Peer Bork™“t

We have developed an automatable procedure for reconstructing the tree of life with branch
lengths comparable across all three domains. The tree has its basis in a concatenation of 31
orthologs occurring in 191 species with sequenced genomes. It revealed interdomain discrepancies
in taxonomic classification. Systematic detection and subsequent exclusion of products of
horizontal gene transfer increased phylogenetic resolution, allowing us to confirm accepted
relationships and resolve disputed and preliminary classifications. For example, we place the
phylum Acidobacteria as a sister group of &-Proteobacteria, support a Gram-positive origin of
Bacteria, and suggest a thermophilic last universal common ancestor.

econstructing the phylogenetic relation-
Rships among all living organisms is one
of the fundamental challenges in biolo-
oy, Numerous attempis to derive a ree of hife

using various methods have been published [for
a review, see ([)], and its principal existence has

been questioned recently (2, 3). Moreover, even
under the assumption of a tree of life, numerous
groupings and taxonomic enfifes sdll remain
heavily debated, and the advent of molecular and
genomic data has increased the variety of clas-
sifications rather than reducing the problem (/).

Theoretical and practical limits to reconstoructing a
mee of life have been put forwand, such as the
insufficient amount of disciminating characters
available, even in information-rich genomic data
sets (4, and the computing resources required to
cope with large numbers of species (). Further-
more, there are factors that hamper accurate
reconstruction of phylogenetic trees regardless
of the methods used, such as sampling biases of
species included (5) and dilution of phylogenetic
signal by horizontal gene wransfer (HGT) (6), the
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Generate Concatenated Alignment (Supermatrix)

Select and Prepare Marker Gene Families

identification of | _._| 36 families in removal of redundant genes :
universal families | =1 191 genomes (pseudogenes, organellar | => “”eﬁeﬁgfr family in
= i copies, recent paralogs) L
remove famlljes that have 31 families in 4 4
multiple noriz. transfers, | =>| 4, genomes concalenate and align, | _ supermatrix of
or are difficult to align covering all 3 domains of life 8030 positions, with gaps

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



Selection and preparation of marker gene families Methods

« We basedour methodologyon Ciccarelli et al. (2009 study for the selectionand
constructiorof thespeciedree

s Thirty-one universalorthologousUQO) geneswere downloadedn fastaformatfrom
GenBankandthenalignedusingMAFTT (verS|on5 861)

Selection and preparation of marker gene families for protozoan species trees

« Hidden Markov Models (HMM) profiles were constructedfor the 31 UO (local
databasegetandqueriedagainsiall Protozoasequencesvailablein Refseqg(RefSeq
releas85.catalog01/11/2009 and Genbank (NCBI-Flat File Release 1720-
06/15/2009.

« HMM profiles were created (hmmbuild) and calibrated (hmmcalibrate) using
HMMER version2.3.2 andsearchesloneusinghmmpfam with e-valuefile-50 ascut-
off.

s Thosebesthmmpfamhits of eachof the 31 UO againstprotozoangenomesvereused
to constructndividual multiple alignmentgMafft v5.861).



Methods

» Methodology 1 (M1):

vThose individual alignmentswere concatenated then resulting in a global
supermatriof 21,260positionsin atotal of 74 species

v This supermatrixwasusedto generatea treewith PHYML using100bootstrap
replicatesandthe JTT matrix.

» Methodology 2 (M 2):

v Those individual alignmentswere trimmed using TrimAl v1.2 aiming to

eliminatethe mostvariableregionsof eachof them Thoseremainingconserved
blocks were then concatenatedresulting in a global supermatrixof 12,807

positionsin atotal of 74 species

v This supermatrixwvasusedto generateatreewith PHYML using100 bootstrap
replicatesandthe JTT matrix.
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Figure 2. Algorithm for Supermatrix versus Supertree construction.



Results

» We reconstructedhe protozoanspeciedree usingseveralautomatedioinformatics
tools downloaded31 universalUO from GenBank,built HMM profiles with them,
searchedhoseprofiles in protozoangenomes(43 species)and relatedspecies(31
specieskhowingdifferentlevel of completeness/coverage

« Thespeciegreewasformedby 3 majorcladeghatwererelatedto 3 groupsof data

(i) 26 speciexomposedf atleast80% of UO (25/31) calledG1,
(i) 12 speciexomposef 50-79% (15-24/31) of UO calledG2 and
(ii) 36 speciexomposef lessthan50% (1-14/31) of UO calledG3.
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Figure 1. Phylogenomicsupermatrix radiation tree of protozoan using maskedsequencesvith TrimAl .
Was useda supermatrixof 12,807 positionsin the total 74 protozoanspecies Maximum likelihood treewas
constructedvith Phyml,JTT asevolutionarymodelandbootstradl00. (Cl is red,C2 blueandC3 black).



Results

« C1 was composedby only protozoanspecies,C2 was composedby rodophyta,

cryptophyta,glaucocystophyceaetramenopilespecies,and C3 was composedoy
somespecieof C1 andC2.

« C1 presenteanonophylyof ProtozoaC2 presenteanonophylyof speciegelatedto
Protozoa,and C3 polytomy of some Protozoaand related species The more UO
includedin the supermatrixhe betterwasthetreerobustnesssidethe 3 clades

« Figure 2 showsthe comparisorof treesusingno maskedM1) and TrimAl masked
(M2) sequencesBoth methodologiesshowedvery similar topologies,howeverthe
tree utilizing TrimAl maskedsequenceshowedhigherbootstrapvalues Figurel is
thesametreeusing TrimAl maskedsequencebut presente@sradiationtree
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Figure 2. Phylog(§1omicsupermatrix trees of protozoan using total seqlTencesand conservedblocks (TrimAl)
sequencesWereusedsupermatrixesef 12,807 and21,260 positionsrespectivelyin 74 speciesMaximum likelihood
treewasconstructedvith Phyml,JTT asevolutionarymodelandbootstrafdl00. (C1is red,C2 blueandC3 black).



Most variable regions trimmed (>80 UO): Clade 1 (zoom
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Conclusion

« We have presenteda phylogenomiebasedoverview for Protozoa Relationships
between protozoan groups are in agreementwith previous studies, showing
monophylyfor protozoan

« Ontheotherhand,phylogenetianformationinferredfrom C3 is questionable&lueto
iIncomplete genomes, suggesting that using less than 15 universal UO for
phylogenomiaeconstructions notreliable

« Theinclusionof moredata/genes necessaryo obtainarobusttree

« Our phylogenomiebasedmethodologyusing a supermatrixapproachprovedto be
reliablewith protozoangenomedata,suggestinghat (a) more universalUO usedthe
better,and (b) usingthe entire UO sequencer just a conserveddlock of it produce
similarreliableresults

« Finally, we needto investigatefurtherif this methodologycould be extrapolatedbr
reproducedo othertaxonomicgroups
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aches involving the integrative use of heterogeneous databases, analyses tools, distributed
annotation systems as well as sensitive similarity detection algorithms have been catalyzed by a
enced genomes. In this purpose, the BiowebDB Consortium, partially funded by CNPq, present the

Protozoa Database, a integrated, user-friendly and flexible platform that contains the several protozoa genomes: '~

Trypanosoma cruzi, Trypanosoma brucei, Trypanosoma rangeli, Leishmania major, Plasmodium
falciparum and Entamoeba histolytica.

Latest Version: 1.0 beta (August 2010)
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Methodology

DNA extraction

PCR using 33 pair of designed primers

Agarose gel visualization

PCR product purification
Sequencing

Annotation
Phylogenetic analyses




Forward primer (COGO0092F) in the multiple alignment

. projeto
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ATGTCAGGTCC+CTCTCCAAGAAGCGCATGATCATCCGEGATGGCGTGTTCTACGCCGAGETGTTTGAGTTTCT

] 1 b
Sequence position 1 A 87% |

Reverse primer (COGO092F) in the multiple alignment
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GTCACTGTCGGTGGAAAGATCAAGGGRCAGCGTGCGAAGAGCATGARCTTCCGCGACGGCTACATGAT+HAAGTCCG

4 I L3
Sequence 1 ID; Gi|154343871 |ref| ¥XM_001567830.1| Nucleotide: Guanine (415) |
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Methodology: short version

380 sequences from 36 UO »

220 sequences validated,
corresponding to 20 UO

4

33 pair of primers designed

4

8 pair of primers with
good potential for
multiplex PCR

Sequencing of 4 genes

A\~ 4

4
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Genotyping: Genotyping:
2 genes showed good 2 genes showed low
potential/variability variability




OrthoSearch Workflow (Orthologs inference)
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OrthoSearch results

Total Confirmed Partial Hypothetical

Parasite Hits annotation annotations protein
(Interpro) (re)annotated (re)annotated

T. cruzi 147 144 6 12
T. brucei 135 129 6 {1
L.major 165 157 9 14
P. falciparum 111 107 6 12
E. histolytica 98 90 5 5




Protozoan Orthologs
(OrthoMCL-based)

* Some can be protozespecific
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