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Background

» 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.



- lllness 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.
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Introduction

» 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;

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

and three groups
entirely protozoan:

(iif) chromalveolates,
(iv) excavates and
(V) rhizaria.

that are



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 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 “le-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.



= e s
2 X TLGIDFF TRENTI- -~ QN YKPVSLVKKNTNIS T

- RYYPDKSGPRGAKS IVK

- -~ SQRKRNISVNKASDSRLVLVVE
TRL

NTPINTRIGTIEKKIOIRTTRATHLOP RIG)

e T 1

RTERDNT
i wrrkowria

frenanm e o «wummm«

Erom mmummwwmuummn-
b AarEr N HNTEY TFPNEC

TNTL e m
fros e

N PR

s AREGENL

e o RTEDIF

) g

ek} wrcnge 2 o

v RN

e Er PNV
nva(rmlwvmr‘<‘<rm“<wwnNm Vi wrvrvrwwmmw fovit

fr n VENFLDGHN i

i iKY

odrfreodr SKEKDNILIC 151D AGTEY ENKLVEDT §DOHN T1Y TP FNKOTOPNATS

VDNLES TAPD AGTEENKLVID P LDGHN 11V 1PFNEGTOPNATS

SKEKDNILOS 151D AGTEY ENKLVIDE LDKHN T Y T FNKEL PN )
Nv(rv(mwvmmvr.n GAEFENTSVENTLDRINTRY TP PNENTHPNATH

Individual genes aligned

TRTROW_ G111

Complete

TrimAl

ez G ﬁ
NN Ly
Viir b ey s rErsQaon
3 LVKNFLDONN TKY TFPNKGTNPNVTS G b l
LUIPLGINIRY P FKOTPATE OC S

~TLGIDFT IRANTI-

s Complete

7

Supertree

TrimAl

Supermatrix |

~GHTRPUSLVRRN TN IS LRGRF TPRLIFEAP ILELL TRLGNRGG 10T F LREN TN- -GN YRPVE LVRRN 1 15 1RGRT TFRL 1T EAF 7SLURFNTN 15 IRQRT TPRLITE A
SGNEEREKVIRKISKNGKILKARTTSRARLEAP / IRKISKNGKILKARTTSRARLEAK
TTSRARLEAP TSRARLEAF TTSRARLEAR
~KIIPVSGFOIKKNKSGKITRVES RPOLAFLLKLLYDRLERKCGTUV- ~KIIPVEGFQIKKNKSGK ITRVESRPOLRF L 5GF QIKKNKSGKITRVSSRPQL RF)
~QHYRPVALYKRNTNISIRORFTFRLIFEAP ILEVLTRLGHKGOIDFF IRSHTH- —chxpv%kammﬁmcar'rpﬁurmprﬁwxmmmmounnurm
KVRTTSRARLEAK

TRVSS RPQLRF T OFGIKINKBGKITRVSSRPOL
T OHYKPVSLVKKNTN IS 1RQRF TRRL L FEAP TLEVL TKLGNKCOXDFT TRENTH- --GHYKPVSLYKKNTNIS T RGRF TP RLTF EAD /SLVKKNTNIS XRORF THRL T EA

~%GNKEREKVIRKISKNGKILKVRTTSRARLEAP IEVLLERGHANCGTR T HGNKEREKVIRKISKNGKILKVRTTSRARLEAP / IRKISKNGKILKVRTTSRARLE A
RVYPDKSGPKGAKS IVKP'

~SGNKEREKV IRKISKNGKILKARTTS RARLEAP IEVLLERGNVNGGTR I

TTSRA

AKSIVKPT FHF
RICRN TSVNK EPTKE: KSRILGUKE KRN S VEP
TVEPT IVGFNF. RVYPDKSGPKGAKS IVKP'

1 VLVVEPTKES IKRLKSRILGUKT 1 VLVVERT LVVE!

TANTEOr e 11 SRERDNLRS 10 DAGTE T ENRLVRDFLDGRN 1Y 1T PN QPRATSERDNL RS T DR TRE R KD L OGN LT 1 FNR G TP NA TS KERDNL 1 1T D ¥ AT

ENLRATSCDAGKEF GV KLVEDYLAREOTEFLVENROEQPN AL OENLS TBCD AGKEF GNKLVED YLAREO 11 LVTNKQE APNATE KEORNL RS TACDAGKEP GNKLVEDYL AREGEEPLVTNEGEGPNATE]

R KO A IO OR LT DKLV KL D T KT 7 PR TP A TR KONY AR L8R DL O L DMLV KT L DG 1K Y 17 PN RQ TP N ATA TE KON RATNNDEORETSNNLY KNP L DG KT I FFNKITHPIATA
H .

KLVEDYLARES LEFLYFNEQ ACDAGKEFONKLYED YL AR
BKEXDNLKBT87D AOTETINKLVRDPLDQINT KV P FNKGTOPNATBEKONLKN TFDAGTEY ENKLVKETLDGIN ThY 1P TNKQTAPNATAKEKONLKRTS DAGTRPENALVED YLD QKNI KYEF TNKGTGPY
NNtk i | RTERDNFRATHSDEGHEFNNLYKNY LD GHNTKY T PNEGTNPNATSTEDNFRA D EGHEF DNNLVKNFLDGHN TKY 1 FNKQTNPNATS TEKDNF R TS5DEGHEF DRNLVINF LDGHN LY TFPFNKGTNPRAT
fnanrike gl
RINTLiKe G| RTEKDNFRAISSDEGSEFDNNLYKNF LDQHNTKY I P FNNKPSQSGHYEKDNF R THSDEGSEIDNNLYKNE LDQHN 1KY L P FNNKP 8 Q8 GILY TEKDNF RS 185D EGEEF DNLYKNY LD QIEN 1KY TP PNNKPAQ
RTEKDNFKS 1553 DEGHEF DNNLYENF LD QNN ©EY TP FNEQTNPNWTHLKDNF KS 155 DEGSEF DNNLYENFLDGNN TKY TP PNEQTNPNY TS TEKDNFKS TSSDEGS EFDNNLYENFLDONNTKY TFFNEQTNPRVTS)
RTEK DL KN T8 R T T DKLV KNP LD T kY17 PR TP A TOEKONL KN T88DE IR K DMLV KT LDGHN 1K Y 17 FNRQTNPNATATE KONL KATNNDEORET SNNLY YL D QKN KY I T PNKSTHPLATA

1L

RTEKDNFKS 183D EGSEF DNNLYENF LD GUN TRY TP JDE CNN TKY 1FFNKQTHFNATS TERDN LD QN TKY L FFHEQTNPNATE]
BKENDNLKBI8TD AOTETENKLVKDPLD QRNTKY1 P TNKGTPNATSIRNLI 8 87D AGTET KL VKDP L3N I Y ST THKQTOPHATE KERDNL KBIATDAGTEPENKLVKDYL D QRN T KY I FTNQTGPNATH
DNLKSTSFDAGTEF ENKLVKDE LD GHN TKY TF FNEQTOPNATSIKDNLES THF DAGTEF ENKLVKDFLDGHN TKY TF FNKQTGPNATS KEKDNLES T8FDAGTEF ENKLVEDFLDGHNTKY T FFNEGTGPNATS)
NKEKDNLES P DAGH EFENTSYKNF L DI RY TF PNENTHPNATHEEDNL S 158 DAGH I ENTSVENE LUKIHLRY LF PN ENTIPN ATHEERDNLES 15FDAGSEF ENTSVENE LDKIHLRY LFPNENTHPNAT
ISFDAGTEFENKLVEDFLDKHN 1KY TP PNEELHPNESELEDNLQS TSP DAGTEF ENKLYEDFLDENIN TKY TP PNKELHPNES KKEKDNLQS TSPDAGTEF ENELVED P LDERNTKY FPNEELHPNES)
ISFDAGHEFENTSVENFLDKHILLRY TP PNENTHPNATHEKDNF KS TSP DAGSEF ENTSYVENFLD KRN TR Y TFFNKNTHPNATHKEKDNFKS TSFDAGSEF ENTSV KNP LDKHHTRY IFFNENTHPN AT
FTAVKNF LRI LRY LF PN THPNATIR (8 LEFDAGHEFENTSVKNF LD KIHIRY 1F
I b ATHER 1orE VENFLDEIRY T

@

frentnraace“gn skekon,
renINTL ke g1 NEERDNFES
EnINTL ik qi NRERDNFKS 18P DAGHENENTSVENF LDKHHIRY LF ‘s
L K LoD FLDKINIRYT 1o

Concatenated genes aligned

Figure 2. Algorithm for Supermatrix versus Supertree construction.



Results

. 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,
(i1) 12 species composed of 50-79% (15-24/31) of UO called G2 and
(ii1) 36 species composed of less than 50% (1-14/31) of UO called G3.
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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).



Results

> 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.
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Figure 2. Phylogeﬁomic supermatrix trees of protozoan using total sequ?nces 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).



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

- 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.
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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
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Reverse primer (COGO0092F) in the multiple alignment
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Methodology: short version
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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 protozoa-specific
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PRIMER1G:

KOG1l4B87 (STP-binding protein DRGL - ODM superfamily)
EOEYTT6S (Predicted GSTPase)

PRIMERZ20:

KOGO217 (Mismatch repair ATPase MSH6 - MutS family)

COGOE4S (MutS-like ATPases involved in mismatch repair, family 2}

PRIMERZ23:

KOG0291 (WD40-repeat-containing subunit of the 185 yRNA processing complex})
EOG2518 (WD40 repeat protein)

PRIMER143:

COG0TaS (Methionyl tBMA Synthetase)

PRIMER172:
EOGEONTE (Methionyl tEMA Synthetase)

FRIMEER 1% FRIMER 20 FRIMER 23 PRIMER 143 FRIMER 172
L. mexicana x x X X -
L. brasilisnsis x x X X x
L. major X X x x X
L. chagasi x x X X x
L. amazonensis - x X X x
L. guyansnais, - X X X X
T. GEuEL X X X X X
T. bruged X X X - -
T. Yansd - X X X -
T. YiVAX - X X X X
T. gpngalense - X - X -
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Or load it from disk [ Choose File | no file selected

Optional parameters

Threshold Expect Matrix Filter
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# ST

Systerm lor Integrated Genomic Resources and Analsy s

N G RAY Welcome to STINGRAY

Version 2.0 Beta - Feb 17, 2009

Login / Email : m Trial | Projects Avaliable | Pipeline | Team | FAQ | Contact | Publications

|gue5t |

Password: The System for Integrate Genomic Resources and Analyses (STINGRAY) is a user-friendly web-based system designed to analyse genomic data
ssans in the context of a pipeline. It was developed for Linux systems using Perl, Bioperl, CGI, Apache and MySQL. EST and GSS data can especially
benefit using the system since it can accept a) chromatograms, b) download of sequences from GenBank, c) FASTA files stored locally or d) a

combinations of all 3 STINGRAY uses the phred/phrap package to process chromatograms, evaluate gquality of traces and remove vector
contamination. Clusterization is done using the CAP3 program. Seguences are submitted to Blast analyses with database choosen by the user.
%: f:“g' Conserved domain searches are also performed using the CDD tool of NCBI. Interpro have been implemented in the pipeline as well, and tRNA-
Secan, Psort, SignalP and OrthoMCL are avaliable tooc. Beside that, it is peossible to find genes or ORFs using GLIMMER, GlimmerHMM and by
Orthelegous Groups aproach (ORF by COGs), and then search the analysis menticnated above. Once all the abowve similarities searches have been
performed, the user can select some contigs and results for multiple alignment using ClustalW and phylogeny analyses using Phylip. STINGRAY
offers flexibility to the users by allowing them to configure the parameters of the used programs. All the results can be filtered according
to algorithm and database used, facilitating user wvisualization. Furthermore, statistics and graphical results of the all analysis and
processed chromatograms are presented.

Better performance in Firefox t
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