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Background:
» Biologist
* PhD in Parasitology
* Professor of Cellular and Molecular Parasitology @ UFSC
« CNPq research fellow

Research interests:
 Hemoflagellate protozoan parasites:

 Trypanosoma spp. — Chagas Disease

 Leishmania spp. — Cutaneous/Visceral leishmaniasis
* Host-Parasite interaction
« Comparative Genomics and Proteomics
 Phylogeny / Taxonomy
 Diagnostics
« Strain characterization

Lab webpages: www.proto.ufsc.br / www.bioinformatica.ufsc.br
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The complexity of life
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Vitruvian Men (1490)
Leonardo Da Vinci (1452-1519)



Getting deeper, in detail...

ns AND. TESALII DE CORXPOXIY

De Humani Corporis Fabrica Libri Septem (1543)
Andreas Vesalius (1514-1564)
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“Organisms evolve through adaptative processes
in response to the environment “

Charles R. Darwin

(1809-1882) Darwin’s notebook “B
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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

DNA structure (1953)
James D. Watson and Francis Crick




Gilbert & Sanger (70’s):
« ~10 bp /year

Manual sequencing - slab gels (80-90’s):
 Radioisotopes

 150-200 bp / week

Automated sequencers (90’s onwards):

« 1stgeneration: 300-400 bp*

« 2"d generation: 700 bp - 1.5 Kb

- 3" generation (output per run):
 PacBio: >10 Gb (50% > 50KDb)
 lllumina: >2,000 Gb
* Minilon: >30 Gb




Projects by Domain
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Growth of the GenBank dataset

Bases Sequences
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GENBANK AND WGS STATISTICS

GenBank WGS
Release Date Bases Sequences Bases Sequences
3 Dec 1982 680338 606

234 Oct 2019 386197018538 216763706 5985250251028 1097629174

https://www.ncbi.nlm.nih.gov/genbank/statistics/ - 11/11/2019



Moore's Law

National Human Genome
Research Institute

genome.gov/sequencingcosts
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Genome size X Organism complexity

Drosophila

T2 phage Escherichia coli melanogaster Homo sapiens  Paris japonica
Genome Size 170,000 bp 4.6 million bp 130 million bp 3.2 billion bp 150 billion bp
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NCBI, 2019

Genome size X Coding genes

Genome size vs. protein count across NCBI genomes
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Genome contents

Exons (regions of genes coding
for protein, rRNA, or tRNA) (1.5%)
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The biological dogma

Translation

PROTEIN

DNA RNA
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Proteome




Lamarck’s & Darwin’s & Wallace’s concerns...

giomolecules

Organisms
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* Type of data:
Eukaryotic or Prokaryotic
DNA, RNA, Protein, Structure, ...
Genes, Proteins, Families
Functional domains, Antigens, Signatures
Intra- and Inter-specific variability
« Concept of species ~ Phylogeny
« Similarity:
 Measurable!
 Phylogeny
* Distance, molecular clock, barcoding,...
« Homology:
 Non-Measurable ! Imply on ancestrality
« Orthology and Paralogy
« Search for patterns:
* In silico prediction
 Benchwork validation
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TREE OF LIFE web project

Two alternative views on the relationship of the major lineages (omitting viruses) are shown below

The "archaea tree":

Eubacteria

- Archaea Euryarchaeota
€6 b
Crenarchaeota-Eocytes DNA-based

Eukaryotes
The "eocyte tree":

Eubacteria
< Euryarchaeota

Crenarchaeota-Eocytes “RNA-based”
Eukaryotes

http://tolweb.orgl/tree/



(Few) Biological questions

What to compare? / What to look for?

« Sequence (Size/Composition)
 Presence/ Absence of a gene:
* Introns, Pseudogenes, Duplications, Transposons, ITS, ...
« Syntheny
* Transcription / Expression levels
« Post-Transcriptional / Post-Translational modifications
* Protein structure
* Function
« Activity
- Life cycle stages:
« Stage-specific expression
« Homeostatic Versus Pathological stages:
* Mutations
 Drugresistance



..)

Biological questions

Stringency

(Substitutions, Translocations, Charge, Synonim ,

Deepness

(Data type, number of markers and specimens, broadness of taxa, rooting, algorithm, ...)



Comparative pattern recognition
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A.thaliana
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Similarity & Homology

Bat

Human Cat Whale

©1009 Addison Wesley Longman, Inc.

Common evolutive origin? Similar/shared characteristics?

Same / Distinct function ?
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Patterns might be evolutionary conserved
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Patterns might be evolutionary conserved
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Sharing of geographical distribution, hosts, vectors, genes, proteins, epitopes, ...



Trypanosoma spp.

U N
UIFEC

T. rangeli T. cruzi
Gene Family

SC-58 CL Brener

GP63 444 449

Amastins 72 27

RHS 689 7

MSH6 2 2

GPI8 2 2

Multicopy gene families
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 Trypanosoma spp.
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a:E
‘s“ Trypanosoma spp.
UESC

long dsRNA I

DCL2
(nuclear)

Full ORF <

DCL1
(cytoplasmic)

siRNA duplexes

Frame shifts
Stop codons

(Adapted from Kolev et al., 2011)

SC-58 and Choachi strains
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Trypanosoma rangeli

+— ~5kb —
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Trypanosoma cruzi
5to 180 kb >
o T 0 o O | v = ., E,
i, ol ., —{V @000
Trypanosoma brucei
< >500 kb >
@ Hexamerrepeat @ 7. cruzitelomeric junction @ VsG @ Interstitial genes (@ Retrotransposons: SIRE, VIPER
} 70-bp repeatrepeat @D 7. rangelitelomeric junction (SubTr) [ TS family (0 ESAG (@ Retrotransposons: /ingj, RIME
[> 29-bp repeat repeat v pseudogene (J DGF-1 (0 RHS (0 Mercaptopyruvate sulfurtransferase
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Synthesis of phylogeny and taxonomy into a
comprehensive tree of life

Cody E. Hinchliff*', Stephen A. Smith™'?, James F. Allman®, J. Gordon Burlei'?h‘. Ruchi Chaudhary, Lyndon M. Coghill*,
Keith A. Crandall®, Jiabin Deng‘, Bryan T. Drcw', Romina Gazis?, Karl Gude", David S. Hibbett?, Laura A. Katz',

‘l H. Dail Laughinghouse IV, Emily Jane McTavish/, Peter E. Midford®, Christopher L. Owen®, Richard H. Ree®,

7] Jonathan A. Rees*, Douglas E. Soltis“, Tiffani Williams™, and Karen A. Cranston*?

= ! Archaea

~2.7 million species
~1.4 million synonyms
~0,5 million unknowns

https://tree.opentreeoflife.org/opentree/argus/opentree11.4@ott93302 40
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brucei than to Trypanosoma cruzi

Trypanosoma spp.

gene suggests closer relationship to Trypanosoma
M. Isabel Amorim, Hooman Momen and Yara M. Traub-Cseko

Trypanosoma rangeli: sequence analysis of B-tubulin

Instituto Oswaldo Cruz, FIOCRUZ, Departamento de Bioguimica ¢ Biologia Molecular, Rio de Janeiro,

© 1993 Elsevier Science Publishers B.V. All rights reserved 0001-706X/93/$06.00

wy
=
1
&
2]
m.ﬂ;
= wt e OO ekl K] e @ © e @ D odiadiadh: K. ]
&= = N~ W e C N—OCC N~®CC N Qe C N o c
o ° SLUmo SwLTO Jwumm SQwUoOW SV w
< = LoD U~ COI U~ CoDu— COau~ COu~
= S UCCC o OC Lo ER-EE-N- ] OCC O VCCHO
2. a =m0 x D —_m0 x D ~ ®D x 3 —®o 8 x 3 - MO Xx 23
) B [T - Wi C - W C - @Ww - ow
& > — E ~ E = € - € - &
Ty, R o - - o - p
1L '’ %
£ 5
= <

{ ~
aﬂé 2 /]
3 1) ¥ e

BN =



Trypanosoma spp.

Parasitology (1999, 118, 37

Prnted in the United Kingdom  ® 1999 Cambridge University Press

Mini-exon gene sequence polymorphism among
Trypanosoma rangeli strains isolated from distinct
geographical regions

Similarity
2 ~ ~ 2 T : X .5 X A 0.8 0.9 1
E.C. GRISARD!"2%t D.A. CAMPBELL?* and A.J. ROMANHA? B 08 06 ar 4 % 2
! Departamento de Microbiologia e Parasitologia, Universidade Federal de Santa Catarina, Floriandpolis, SC, BG 60
Caixa postal 476, 88040-900, Brazil — Tr-BG
2 Department of Microbiology and Immunology, UCLA School of Medicine, Los Angeles, CA, USA
? Centro de Pesquisas René Rachou, FIOCRUZ, Belo Horizonte, MG, Brazil e Tr - San Agustin
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Molecular & Biochemical Parasitology 174 (2010) 18-25

MOLECULAR
A DIOCHEMICAL
PARASITOLOGY

C lists available at Sci Direct

Molecular & Biochemical Parasitology

ELSEVIER

Transcriptomic analyses of the avirulent protozoan parasite Trypanosoma rangeli”

Edmundo C. Grisard®f*1, Patricia H. Stoco®!, Glauber Wagner?:Y:1, Thais C.M. Sincero®!,
Gianinna Rotava®2, Juliana B. Rodrigues®!, Cristiane Q. Snoeijer®', Leonardo B. Koerich®!,
Maisa M. Sperandio®Z, Ethel Bayer-Santos 2, Stenio P. Fragoso®?, Samuel Goldenberg®?,

Omar Triana92, Gustavo A. Vallejo®2, Kevin M. Tyler®!, Alberto M.R. Davila%2, Mario Steindel*!

T. rangeli
1,080

Table 2
General characteristics of the Trypanosoma rangeli transcriptome analysis.
Parameter Value
Total number of sequenced clones 10,617 L. major
Total number of non-redundant sequences 4208 16
Average length of non-redundant sequences (bp) 370
Number of non-redundant sequences with hits 3236
(blast/RPS-blast/Interpro/HMMER)
Sequences without hits (blast/RPS-blast/Interpro/HMMER) 972
Number of validated sequences/parasite form 2942
Epimastigote 1198
Trypomastigote 1530
Epimastigote and trypomastigote 214
Hypothetical/conserved hypothetical 1076
Number of distinct annotations 459

44
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PLOS Neglected Tropical Diseases | www.plosntds.org 1
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September 2014 | Volume 8 | Issue 9 | 3176

OPEN & ACCESS Freely available online @ PLOS | JestiiS iseases

T. brucei

Genome of the Avirulent Human-Infective
Trypanosome— Trypanosoma rangeli 3,089 s
. Cruzi

Patricia Hermes Stoco'*, Glauber Wagner'?, Carlos Talavera-Lopez®, Alexandra Gerber?, Arnaldo Zaha®,
Claudia Elizabeth Thompson®, Daniella Castanheira Bartholomeu®, Débora Denardin Liickemeyer’,

Diana Bahia®’, Elgion Loreto®, Elisa Beatriz Prestes’, Fabio Mitsuo Lima’, Gabriela Rodrigues-Luiz®, 130 4,255
Gustavo Adolfo Vallejo®, José Franco da Silveira Filho?, Sérgio Schenkman’, Karina Mariante Monteiro®,
Kevin Morris Tyler'?, Luiz Gonzaga Paula de Almeida®, Mauro Freitas Ortiz®, Miguel Angel Chiurillo”",
Milene Héehr de Moraes', Oberdan de Lima Cunha®, Rondon Mendon;a-Neto‘, Rosane Silva'?, Santuza

Maria Ribeiro Teixeira®, Silvane Maria Fonseca Murta'3, Thais Cristine Marques Sincero’', Tiago Antonio 14 303 403 512

de Oliveira Mendes®, Turan Peter Urmenyi'?, Viviane Grazielle Silva®, Wanderson Duarte DaRocha'®, L.major
Bjorn Andersson®, Alvaro José Romanha', Mario Steindel’, Ana Tereza Ribeiro de Vasconcelos?, (

Edmundo Carlos Grisard'
31 5,178 332 18

T. rangeli

100p= L. infantum
100 L. major
58 990 146 1,121

L. braziliensis

A T. brucei \ /

T. rangeli

100
100 o
7 - o)
100[ T- cruzi CL Brener (non Esmeraldo-like) ~65 A) hypoth et| Cal (5 , 043)
100 k- T. cruzi Sylvio X10
T. cruzi CL Brener (Esmeraldo-like)
(]
0.05
100 T. cruzi CL Brener (Esmeraldo-like)
T. cruzi Sylvio X10
100
100L T, cruzi CL Brener (non Esmeraldo-like)
100
T. rangeli
100
T. brucei
B L. braziliensis
L. major
L. infantum
-
0.05
Figure 3. Evolutionary history of the Tryp tidae family obtained through a phylogenomic approach using (A) the neighbor

joining (NJ) or (B) the maximum likelihood (ML) methods. In the NJ results, the percentage of replicate trees in which the associated taxa
clustered together in the bootstrap test (100 replicates) is shown next to the branches. In the ML results, each internal branch indicates, as a
percentage, how often the comesponding cluster was found among the 1,000 intermediate trees. The scale bar represents the number of amino acid
substitutions per site.

doi:10.1371/journal.pntd.0003176.9003
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“Leishmaniasis is a group of heterogeneous
clinical manifestations caused by distinct
species of protozoan parasites of the Genus
Lelishmania’

Adapted from Antinori, Schifanella & Corbellino, 2011
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;;,W ‘Leishmania spp.
UESC
Family Trypanosomatidae
Genus Leishmania
Subgenus Leishmania | l Viannia
Complex® L. donovani L. tropica L. major L. aethiopica L. mexicana L. braziliensis — L. guyanensis
Species L. archibaldi® L. killicki L. major L. aethiopica L. amazonensis L. braziliensis L. guyanensis
L. chagasi L. tropica L. garnhami L. peruviana L. panamensis
L. donovani L. mexicana L. colombiensis
L. infantum L. pifanoi L. lainsoni
L. venezuelensis L. shawii
L. naiffi

“The classification of complexes is based on biochemical and molecular characteristics.
® May not be a separate species.

Lainson & Shaw, 1987
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Caracterizacao dos isolados de LV de Florianépolis
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Caracterizacao dos isolados de LV de Florianépolis

5’ A2rel

 Amastigote-specific
* Visceralization
* Virulence

LA A R R R R R R R R R R L L L R R R R R R R R R R R L R R R R R R L

i1n a2a i 140 ann 160 i AR0 kL) 400

PCWH_SE CoC e AR CCTOCTCACCCCCCCCTCTCCCCAC CTCCCAC ARACTICCOCACCOCCACCACACTARCCCCTCACCCCCCCOCCOCARCTTTTCTC
266E C M3 CCCOCCCOCARAACCTOCTCACCCCCCCCTCTCCCCACCTCCCAC ARACTICCOCACCOCCACCACACTARCCCCTCACCCCCCONCCCARCTTTTCTC
2515 C DF COCCCCCCCAAACCTOCTCACCCCCCCCTCTCCCCACCTCCCAC ARACTICCOCACCOCCACCACRACTARCCCCTCACCCOCCCOOCOCARCTTTTCTC
3135 C MT CCCCCCCCCAAACCTOCTCACCCCCCCCTCTCCC A CTCCCACARACTICCOCACCOCCACCACAACTARCCCCTCACCCOCCOOCCOCARCTTTTCTC
3177 C RN CCCLCCCCCAARCCTOCTCACCCCCCCCTCTOCCCACCTCCCAC ARACTICCOCACCOCCACCACAACTARCCCCTCACCCCCCOOCCCCARCTTTTCTC
3186 C RN CCOCOCCCOCAAACCTOCTCACCCCCCCCTCTCCCCACCTCCCAC ARACTICCOCACCOCCACCACAACTARCCCCTCACCCOCCOOCCOCARCTTTITCTG
3156 C RS CCOCLCCCOCARARCCTOCTCACCCCCCCCTCTCCCCACCTCCCAC ARACTICCOCACCOCCACCACAACTARCCCCTCACCCCCCOOCOCCARCTTTTCTC
3256 C 5P CCCOCCCCCAAACCTOCTCACCCCCCCCTCTCCCCACCTCCCAC ARACTICCOCACCOCCACCACAACTARCCCCTCACCCOCCOOCCOCARCTTTTCTC
3257 C 8P CCCLCCCOCAARCCTOCTCACCCCCCCCTCTCCCCACCTCCCAC ARACTICCOCACCOCCACCACAACTARCCCCTCACCCCCCOOCOCCARCTTTTCTC
3375 C MC COCCCCCoCARACCTOCTCACC OO CCTC T OO A CTCCC A ARACTICCOCACCOCCACCACRACTARCCCCTCACCCOCCOOCCOCAACTTTTCTC
3381 C MC COCCCCCoCAARCCTOCTCACCCCCCCCTCTCCCCACCTCCCAC ARACTICCOCACCOCCACCACAACTARCCCCTCACCCCCCOOCCCCARCTTTTCTC
BOE C 8C COCCCCCCCAAACCTOCTCACCCCCCCCTCTCCCCACCTCCCAC ARAACTICCOCACCOCCACCACRACTARCCCCTCACCCCCCOOCOOCAACTTTTCTC
SNOOPY C SCCCCOCCCoCAAACCTOCTCACOCCCCCCTCTCCCCACCTCCCAC ARACTICCOCACCOCCACCACRACTARCCCCTCACCCCCCOOCCOCARCTTTTCTC
LUMA C 5C CCCLCCCClAAACCTOCTCACCCCCCCCTCTCCC A CTCCCAC AAACTICCOCACCOCCACCACACTARCCCCTCACCCOCCOOCOoCAACTTTTCTS
NICX C 5C COCOCCCCCARACCTOCTCACCCCCCCCTCTCCCCACCTCCCACAAACTICCOCACCOCCACCACRACTARCCCCTCACCCCCCCOCCOCAACTTTTCTS
LOBA C 5C CCCOCCCOCAAACCTOCTCACCCCCCCCTCTCCC A CTCCCAC AAACTICCOCACCOCCACCACACTARACCCCTCACCCOCCOOCOoCAACTTTTCTC

I

Tatiane Catecati et a/. (Unpublished results)
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Genomes of L. infantum from Florianopolis

SC1006

008 2015 20972393 20550871 97.99%
(030%1’ 28176) 32328874 31682098 98.00%
(030%1, ggfo) 21575573 20959774 97.15%

SC1009 24426247 23365451 95.66%

(HUMAN, 2017)
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Jennifer Ottino et a/. (Unpublished results)
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Cysteine / Cysthationine biosynthesis

L-Homocystein

|

L-Methionin

L-Serine

!

O-Acetil-L-Serine

L-Cysteine ——

!

—> L-Cystathionine

Spermidin <€—

i\

|
Putrescin

1

Ornithine

Glutathione
(GSH)

l

Trypanothion
e (TS[H]2)

Romero et al., AAC, 2015
Romero et al., P&V, 2014
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D T rangeli TRASC58CS 336 TGCGGCCTTT-GGCATGAAGTGGGCCGTGACAT-TGGTGAA-CAGCATT--GCCA-G(
- T g. TRACHOCS 332 TGCGGCCTTT-GGCATGRAGTGGGCCGTGACAT-TGGTGARA-CAGCATT—-GCCA-G(
=oruz TCRCS 378 CGCGGCACTT-GGTATGAAGGGCGCTTTGGAAG-CAGCAAA-TCGCATT--GTCA-GC
0.25 + LBRACS 375 CGCCGCTCTC-GGCATGAAGGGTGCCATGGCGA-TGGCAARA-GAAGATC--GTCG-C]
- IMJCS 375 TGCCGCTCTC-GGCATGAAGGGTGCCGTGACCA-TGGCCAA-GARAATC——GTGA-C(
:g 0.20 4 LINFCS 375 TGCCGCTCTT-GGCATGAAGGGTGCCGTGGCCA-TGGCCAA-GARAARTC——-GTCG-CC
2 045 4 TRASC58CS 426 ARAATA-CAAC--ACCCAGATCC--ACCAGGATACCACC-GGGCCGGAGATYTAGHEGC STOP
2 TRACHOCS 422 ARAATA-CAAT--ACCCAGATCC--ACCAGGATACCACC-GGGTCGGAGAT CODON
g TCRCS 468 CRAATA-TAAT--GCCCARAATTC--ACGAAGARAACAACT-GGACCGGAGAT
- 0:10:9 LBRACS 465 CRAGTA-CAAC--GCCCTTATGC--ACGAGGRAACTACA-GGACCT|GAGATTTGGGA]
£ IMJCS 465 CRAGTA-CRAAC--GCCCTCATAC--ACGAGGAGACCACG-GGGCCT|GAGATTTGGGAC
£ 005 LINFCS 465 CAAGTA-CAAC--GCCCTCATAC--ACGAGGRAACCACG-GGGCCT|GAGATTTGGEAC
% .
E 000+ i
3 T. rangeli 100 -©- WT
e W T cruzi 3 pTEXeGFP
FFFTL S . 9 -¥- pTEXCPSeGFP
PP TLE € o0 £ -~ pTEXCSeGFP
& & & & 3 5
S RO ovx‘ 5 015 3
0@ o >° 40+
¥ ° _E 0.10 s~
& 3 £ 9 e 20+
KDa § N '-":-' 3 % % 6.05:1
- o Ll Ll L3 Al L
§ oo 0 50 100 150 200 250 500 750 10001250
75— -0.05 HzOz (pM )
L L J— 09-.\90
Q«Q\s & K & IC..2
&
* e Plasmid transfected so” (KM)
1 2 3 4 5 Parasite into cells H,0, SNAP
- —— -
o -'CBS T. rangeli WT® 66+ 4 353 + 10
<CS
) pTEXeGFP 69 + 0.3 316 + 17
. . . < - Tubulin pTEXCSeGEP 160 + 19%* 402 + 49
pTEXCBSeGFP 153 + 18** 345+ 3
= L. braziliensis WT 560 + 4 99 + 13
T. rangeli: pTEXeGFP 558 + 3 96 + 3
* Lacks de novo cysteine biosynthesis pTEXCSeGFP 1,368 = 7%%* 93+ 6
. . . . . TEXCRSeGFP 1,551 + 33%%* 80 + 17
» Single route for cysteine biosynthesis — homocysteine BEIRC
» Uses the transulfuration pathway (as Tb) Romero et al., AAC, 2015

Romero et al., P&V, 2014



Challenges for MASTER/Print/CAPES:

Improve the genome assembling strategies:
 Long, repetitive sequences
 Non-coding regions
 Hypothetical / Conserved Hypothetical proteins

Improve genome annotation:
* Algorithm development & training
« Multiple biological variables
« Time consuming manual curation
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