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Estudo de genomas isolados

Isolar organismo

Cultivar

Extrair DNA

Fragmentar DNA

Sequenciar os fragmentos DNA

Montar os fragmentos = bioinformatica
Anotar a sequéncia final - bioinformatica
Correlacionar fenétipo com genoma
Comparar com outros genomas



Entrada para montagem

tamanhos: 50 bp a 1000bp



Montagem

. CACCGTAAATGGGCTEATCATGUTTAAL
TGATCATGCTTAAACCCTGTGCATCCTACTG. . .
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Resultado da anotacao




premissa

* isolamento resultou numa populacao de
individuos genomicamente idénticos



MetagenoOmica

* DNA é amostrado de um nicho ecologico
— solo
— composteira
— pele, estbmago, gengiva
— Agua do mar

* O DNA amostrado provém de varios
organismos, tudo misturado



Um nicho ecoldgico
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Por que metagen6mica?

* Procariotos: “a maioria invisivel”

® Tanto carbono quanto plantas [whitman et al, 1998]

® 9 de cada 10 células do corpo humano sao de procariotos

® Estao por todo lugar
® Da atmosfera superior ao subsolo
 Enorme diversidade genética

® Oorganismos
® proteinas



Sabemos cultivar menos do que
1% dos procariotos

* Metagendmica: nao ha necessidade de cultura



Metagendmica esta na moda
(microbioma humano)
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My Microbiome and Me
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GERMS ARE US

Bacteria make us sick. Do they also keep us alve?

BY MICHALL SPECTER
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Tustory. Whale not as deadly as the
bactenia that cause tuberculosss, cholera, and
the plague, st mfects more people than all
the others combaned. H. pylori, which
magrated out of Afnca along with our
ancestors, has been intertwined with our
spacies for at least two hundred thousand
years. Although the bacteriuan occupnes half
the stomachs ca easth, sts role i our bives
was pever clear Then, in 1982, to the
astomshment of the medacal world, two
scientists, Barry Marshall and J. Robin
Wirren, dsscovered that . pylori 1s the
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Some of My Best Friends Are Germs

By MICHAEL POLLAN
Published: May 15, 201




... www.earthmicrobiome.org
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The Earth Microbiome Project is a systematic SEARCH
attempt to characterize the global microbial

taxonomic and functional diversity for the benefit Meetings

of the planet and mankind There are currently no EMP

centric meetings planned,
however we wil update this
Constructing the Microbial Biomap for Planet Earth space as soon as the next
meeting is organized.
The Earth Microbiome Project is a proposed massively multidisciplinary effort to analyze microbial communities

across the globe. The general premise is to examine microbial communities from their own perspective. Hence

News
we propose to characterize the Earth by environmental parameter space into different biomes and then

explore these using samples currently available from researchers across the globe. We wil analyze 200,000 Earth Microbiome Project:
Rick Stevens at

samples from these communities using metagenomics, metatranscriptomics and amplicon sequencing to TEDxNaperville
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Uma motivacao mais bioquimica

Tag polimerase
DNA polimerase que funciona a 70 °C

Presente na bactéria Thermus aquaticus,
isolada em fontes termais (Parque
Yellowstone) por Thomas Brock em 1965

Ingrediente essencial de PCR, desenvolvida em
1983



Estudo de metagenomas

Isolar organismox

Cultivar 3§

Extrair DNA

Fragmentar DNA

Sequenciar os fragmentos DNA

Montar os fragmentos

Anotar contigs

Correlacionar fenotipo com metagenoma
Comparar com outros metagenomas
Fazer analise de abundancia



Bioinformatica é complexa

* Volume de dados: milhdes de reads (NGS)
e Baixa cobertura de genomas individuais

 Depende da diversidade da amostra

* erros de sequenciamento

— baixa qualidade de dados
— algoritmos precisam ser mais robustos



Questoes basicas

Que organismos estao na amostra?
Que funcoes estao presentes?
Avaliacao quantitativa (abundancia)
MetagenOmica comparativa
Metadados sao essenciais
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Metadados

e Atirania da sequéncia diminuiu a importancia
dos metadados

* Precisam ser revitalizados

 Metadados precisam ser computaveis!
— Ontologia

— Informacdes minimas

Environmental Microbiology Volume 12, Issue 7, pages 1803—-1805, July 2010
* Nature Biotechnology 29, 415-420(2011) do0i:10.1038/nbt.1823



http://onlinelibrary.wiley.com/doi/10.1111/emi.2010.12.issue-7/issuetoc

Montagem

* Em genomas bacterianos isolados, € um
processo razoavelmente bem compreendido

* Em metagenomas ha velhas e novas
dificuldades

— Mistura de organismos

e Quimeras
* Transferéncia lateral

— Repeticoes
— Tamanho dos conjuntos de dados



Exemplo de quimerismo

|
\ 1 crenarch.

chlorobium euryarch.

firmicutes v proteob.



Reads vs. contigs

* Reads: o que sai da maquina sequenciadora
* Contigs: resultado da montagem



Reads

* Essencial usar reads para analises de
abundancia

e Também é melhor usar reads para
classificacao filogenética por causa do possivel
guimerismo



Contigs

* Bons para achar genes

— Mais provavel achar ORFs completas em contigs

e Para simples presenca de genes quimerismo
nao € um problema sério



A comunidade
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Classificacao filogenética

* 165

— Primers especificos
— Ribosomal Database Project (RDP)
* Inclui muito mais espécies do que GenBank

e Dados de DNA total

— Maior parte das sequéncias vem de genes
codificadores de proteinas, mas também tem 16S

* Qual escolher depende dos objetivos do
projeto



Classificacao de reads de DNA total

* Similaridade com sequéncias de origem
conhecida

— BLAST
* Propriedades intrinsicas de cada sequéncia

— Assinaturas genomicas



Classificacao com base na frequéncia
de palavras de k bases

k = 4: AAAA, AAAC, AAAG, AAAT, CAAA, etc...

Dada uma janela de x kb, podemos contar as
ocorrencias de cada uma dessas palavras dentro da

janela

Exemplo:
AGATTAGCGACTATTATAGCCTAGATCGATCATTACC
AGAT ocorre 2 vezes

ATTA ocorre 3 vezes

etc



Matriz de frequéncias

m AAAA | AAAC m AAAT |ACAA |ACAC |ACAG |ACAT
1 15 2

2 16 3
3 14 0
4 13 2
5 15 4
6 12 0
7 18 1
8 17 3
9 16 1



Genome “barcodes”

Zhou, Olman, Xu, BMC Bioinformatics, 2009



Nao funciona bem com fragmentos curtos
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Analise de abundancia

* Que organismos ou funcdes sao mais
abundantes num nicho?

* Abundancia relativa
— Curvas de rarefacao
— Variacao temporal
— Variacao espacial
e Usar contagem de reads como indicador de
abundancia



Curvas de rarefacao
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Exemplos de analise de abundancia
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Variacao da abundancia relativa no tempo
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Abundancia de funcoes

BLASTX de reads contra um banco de COGs
Cluster of Orthologous Groups
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Example of a COG: monoamine oxidase

http://www.ncbi.nlm.nih.gov/books/NBK21090/ eggNOG [Jensen et al. 20988]



Abundancia relativa espacial

* COGs diferencialmente representados

 Semelhante a genes diferencialmente
expressos

* Heat maps, clusterizacao hierarquica
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Platformas web de processamento

* Laboratodrios governamentais
* Servicos padronizados de processamento



metagenomlcs analy51s server
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EBI Metagenomics

Home  Submit data | Projects | Samples | About Metagenomics Logi

Easy submission Powerful analysis Data archiving
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Data automatically archived at the
Sequence Read Archive (SRA), ensuring

Manually supported submission process, Functional analysis of metagenomic

with help available for meta-data sequences using InterPro - a powerful
provision. Accepted data formats include  and sophisticated alternative to accession numbers are supplied - a
SFF (454) and FASTQ (lllumina and BLAST-based analyses. Taxonomy prerequisite for publication in many

lonTorrent). diversity analysis is performed using journals.

Find out more

Projects

Latest public projects (Total: 37)

Metatranscriptomics of the marine sponge Geodia barretti:

Tackling phylogeny and function of its microbial
community.

Geodia barretti is a marine cold-water sponge harbouring high
numbers of microorganisms. ..

View more - 1 sample

A metagenomics transect into the deepest point of the
Baltic Sea reveals clear stratification of microbial
functional capacities

The Baltic Sea is characterized by hyposaline surface waters,
hypoxic and anoxic deep waters and ...

View more - 6 samples

Gut metagenome in European women with normal,
impaired and diabetic glucose control

Type 2 diabetes (T2D) is a result of complex gene—environment
interactions, and several risk __.

Wiew more - 147 samnlas

Qiime.

80

Samples

Latest public samples (Total: 1053)

Fecal sample from Crohn's patient 1
Fecal sample from Crohn's patient 1 ...
View more - Taxonomy | Function results | K2

Fecal sample from Crohn's patient 10
Fecal sample from Crohn's patient 10 __.

View more - Taxonomy | Function results | K2

Fecal sample from Crohn's patient 2
Fecal sample from Crohn's patient 2 ...
View more - Taxonomy | Function results | &

Fecal sample from Crohn's patient 3
Fecal sample from Crohn's patient 3 ...
View more - Taxonomy | Function results | &

Fecal sample from Crohn's patient 4
Fecal sample from Crohn's patient 4 ...

Vimuns manrn Tawvanamne | Binctinn rneolte | #

Find out more

Data content

1053 public samples (37 public projects)
191 private samples (13 private projects)

News & events

Tweets »F Follow @EBImetagenomics

EBI Metagenomics @EBImetagenomics 30 Sep

Check out our new analysis page, using

improved data visualisation (Google & Krona

charts), and with taxonomic info:
ebi.ac.uk/metagenomics/

Expand

EBEI Metagenomics (@EEImetagenomics 2 Aug
The poster we presented at #ISMBECCE is

now available at F1000 posters and
describes the EBl metagenomics pipeline:
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