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MENDEL: FATORES CONSTANTES QUE
CONTROLAM CARACTERISTICAS FENOTIPICAS
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DOGMA CENTRAL DA BIOLOGIA
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O genoma é toda a informacao hereditaria de um
organismo que esta codificada em seu DNA. Isto inclui
tanto os genes como as sequéncias nao-codificadoras.
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& Cell structure
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B Mobile genetic elements
W Pathogenicity, virulence, and adaptation
@ Conserved hypothetical proteins
[ Hypothetical ORFs
B ORFs with undefined category

Monteiro-Vitorello et al. 2004



B Finished sequence

Whole Genome Shotgun sequence
W Scaffold gaps

http://www.sanger.ac.uk/science/data/zebrafish-genome-project
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TTCATACTTGGTTAAGACCTTTACAAGCCGACCAACGTGGTGACAGTGTCGTCCTTTA
CGCACCGAATCCCTTTATCATTGAATTAGTAGAAGAGCGATACTTAGGACGTCTTCGG
:giaGAATCTTGGTCCCGTTGCCTGGAACGTCTTGAAACTGAATTCCCGCCAGAAGATG
TTCATACTTGGTTAAGACCTTTACAAGCCGACCAACGTGGTGACAGTGTCGTCCTTTA
CGCACCGAATCCCTTTATCATATTGAATTAGTAGAAGAGCGATACTTAGGACGTCTTC
GGGAATTGTTATCCTATTTCTCAGGAATACGTGAAGTAGTCCTTGCAATTGGCTCACG
ACCTAAAACAACAGAACTACCCGTACCAGTAGACACTACAGGACGTTTGTCTTCAACA
GTCCCATTTAACGGAAATCTCGACACACACTATAACTTTGATAATTTTGTTGAGGGAC
GAAGCAATCAACTCGCTCGTGCTGCAGCTTGGCAAGCGGCACAGAAACCGGGAGACCG
TACTCACAACCCTCTATTGCTCTATGGTGGGACTGGTTTGGGTAAAACCCATTTAATG
TTTGCTGCAGGTAACGTAATGCGGCAAGTAAACCCAACTTATAAAGTAATGTATCTTC
GTTCGGAACAGTTTTTCAGCGCCATGATAAGAGCGTACAAGATAAAAGTATGGATCAT
AAGGGTAAAACCCATTTAATGTTTGCTGCAGGTAACGTAATGCGGCAAGTAAACCCAA
CTTATAAAGTAATGTATCTTCGTTCGGAACAGTTTTTCAGCGCCATGATAAGAGCGTA
CAAGATAAAAGTATGGATCATAAGGGTAAAACCCATTTAATGTTTGCTGCAGGTAACG
TAATGCGGCAAGTAAACCCAACTTATAAAGTAATGTATCTTCGTTCGGAACAGTTTTT
CAGCGCCATGATAAGAGCGTACAAGATAAAAGTATGGATCATAAAACGTAATGCGGCA
AGTAAACCCAACTTATAAAGTAATGTATCTTCGTTCGGAACAGGGTAAAACCCATTTA
ATGTTTGCTGCAGGTAACGTAATGCGGCAAGTAAACCCAACTTATAAAGTAATGTATC
TTCGTTCGGAACAGTTTTTCAGCGCCATGATAAGAGCGTACAAGATAAAAGTATGGAT
CATAAAACGTAATGCGGCAAGTAAACCCAACTTATAAAGTAATGTATCTTCGTTCGGA
ACAAAAACGTAATGCGGCAAGTAAACCCAACTTATAAAGTAATGTATCTTCGTTCGGA
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GENOME ANNOTATION:
FROM SEQUENCE TO BIOLOGY

Lincoln Stein

S ik
O que buscamos s3o =g
sequéncias com alguma Y VP e

funcao biologica!ll

No minimo - entre 5 - 15% dos genes sao
negligénciados!!

Figure 1| The three layers of genome annotation:
Doi: 10.1038/350805296

where, what and how?



Haemophilus influenza - 85% dos 1.8-Mb sao regiaes codantes.

Leveduras — menos que 70%.

Aves e vermes — menos que 25%.
Humanos — menos que 1%

Varios programas de predicao

FUTHTHLEE SUUT el T Ivia s |

Box 1 | Resources and tools |

The following list provides brief descriptions of some of the software tools and
resources mentioned in the article. Online, links are provided to these resources from
this box, and from the text.

BLASTN, BLASTX,

BLASTP,PSI-BLAST . . . .. .. http://www.nchi.nlm.nih.gow/BLAST/

This family of sequence-similarity search tools allows you to rapidly search a query
protein or nucleotide sequence against a large database of sequences, to identify
sequences that are similar to the search sequence.

Ensembl.................. http//www.ensemblorg

This web site, a joint project of the European Bioinformatics Institute and the Sanger
Centre, seeks to make available a high-quality, consistent set of annotations on the
human and mouse genomes.

e-PCR.................... hitp//www.ncbi.nlm.nih.gov/genome/sts/eper.cgi
BLAST does not work well with short sequences, such as PCR primers. The ePCR
program was developed to search rapidly for a primer pair (using their sequences and
known physical separation) in a large sequence, such as a genome.

FlyBase................... hitp//www.flybase.org/

A fully realized model organism system database, presenting curated annotations on
the Drosophila melanogaster genome, as well as rich information on the genetics of the
organism, mutant strains and molecular resources.

GeneMark.hmm. .. .. .. ... httpy//genemark biology.gatech.edu/GeneMark/
Another gene-prediction program that uses hidden Markov models (HMMs). The
online version supports numerous eukaryotic and prokaryotic genomes.

Genie .................... hitpJ/fwww.fruitfly.org/seq_tools/genie. html

The gene-prediction program used to annotate genes in Drosophila melanogaster. The
online version has been trained for human and Drosophila sequence.
GENSCAN................ http://genes.mit.edu/GENSCAN.html

This is probably the most widely used gene-prediction program. It uses HMMs to
predict the presence of a gene given the raw DNA sequence. The online version
provides prediction services for vertebrates, Arabidopsis thallana and maize.

Grail ..................... hitp://compbio.ornl.gov/Grail-1.3/
One of the oldest gene-prediction programs still in use, this software uses a neural

Auxilio com cDNA
Mas tem problemas:
Perdas de transcritos (raros)
Contaminacao

network to predict genes. The online version provides gene-prediction services for DO i" 1 0 . 1 0 3 8/3 5 O 8 0 5 2 9 6

human, mouse, Arabidopsis, Drosophila and Escherichia coli sequences.
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Review
Review on the Computational Genome Annotation of
Sequences Obtained by Next-Generation Sequencing

Girum Fitihamlak Ejigu and Jaehee Jung *
Department of Information and Communication Engineering, Myongji University,
Yongin-si 17058, Gyeonggi-do, Korea; girumfitex@gmail.com
* Correspondence: jhjung@miju.ac kr
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Figure 1. Genome annotation workflow.
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from literature and
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Grande desafio...

RNAs nao codantes??

374-378 Nucleic Acids Research, 2003, Vol 31, No. I i 2003 Oxford University Press
DOI: 101093 fmarigke 108

Regioes regulatorias?? o _
TRANSFAC™: transcriptional regulation, from patterns
to profiles

V. Matys™*, E. Fricke', R. Geffers', E. GoBling’, M. Haubrock’, R. Hehl®, K. Hornischer’,
D. Karas', A. E. Kel', 0. V. Kel-Margoulis', D.-U. Kloos', S. Land', B. Lewicki-Potapov’,
H. Michael®, R. Miinch', I. Reuter’, S. Rotert!, H. Saxel', M. Scheer', S. Thiele' and

E. Wingender'?

'BIOBASE GmbH, Halchtersche Strasse 33, D-38304 Wolfenbiittel, Germany, ZInstitut fiir Genetik-Biozentrum,
Technische Universitdt Braunschweig, Spielmannstrasse. 7, D-38106 Braunschweig, Germany and 3Gesellschaft fiir
Biotechnologische Forschung mbH, Mascheroder Weg 1, D-38124 Braunschweig, Germany

Received September 16, 2002; Revised Oclober 11, 2002; Accepled Oclober 27, 2002

gatctgtgga accQagggaa tLotgogtagt gotgtotoca agocacctigg ccatgatgla aaccocagaga aattageatc Locatctoct

NF-kappaB, q=0.833
Eits
tcocttattoe ceoacccaaaa dqtcattteet cttagttcat tacctgggat tttgatgtet atgttcccte ctegttattg atacacacac
Ets, g=0,971
NEAT, g=0.973

NF-kappaB C/EBP
agagagagac a-.aa:a{aaaa.a qgaa:ttc|:t gaaattcccc| cagaaggbtt tgagagttgt tt:{caatgtt gcaacaa{g:c agtttctagt
Eis, g=0,973 NF-kappaB, g=0.875 1SS C/EBP, g=0),926
TATA-box —
tthagttitoe atcagaaagg quachgtat aEaaqLLcca -::_:I_e.cF-:—"::_:c.aa cagcagcaga agaaacaaca totgtttcag ggeocattgga
NFAT, g=0,971 TATA-box,  Egs, g=0,971 exon]

g=0.834



rAnnotating non-coding regions
of the genome

Roger P. Alexander**, Gang Fang**, Joel Rozowsky', Michael Snyders and
Mark B. Gerstein*'!

Table 1| Length, number and genome coverage of a representative collection of non-coding features

Classification

Property

From comparative analysis

Short and tandem
repeats

DMA transposons
Retrotransposons

Pseudogenes

Segmental duplications

Structural variants

From functional analysis
Punctate binding sites

Broad binding sites
MicroRNA

TARs

Regulatory forests

Regulatory deserts

Simple repeat
Satellite

Low complexity

LIMEs
Alu SINE element
Duplicated

Processed

STAT1
CTCF
H3Kame3
H3K36me3

Length (nuclectides)
Average Longest
63 2961
1,444 160,602
46 2023
215 3,625
426 8,505
261 614
6,607 181,882
723 15,732
5,740 630 kb
8,761 3.3Mb
446 9,079
1,181 79.200
1,759 71,025
4,518 380.076
89 150

T 1854
3,890 35,165
27,107 203,691

Doi: 10.1038/nrg2814

Number
of items

415,917
8,997
370.102
459,524
1,490,241
1,186,885
2413
8303
26,469
96,674

~2,300
~35.000
~62.000
~130,000
718
644,200
68,900
72,500

Genome
coverage (Mb)

26.1
13.0
17.0
98.6
6346
300.7
15.9
6.0
1519
8548.5

1.0
414

Genome
coverage (%)

0.584
042
055
317
204
9497
0.51
0.19
489
273

0.03
133

110.2
589
0.063
46.7
268
1970

Box 1| Catalogue of non-coding elements

» Broad binding regions

« Transcriptionally active regions (TARs)
« Transposable elements

« Pseudogenes

« Regulatory forests and deserts
= Segmental duplications
= Structural variants

Gene transcription start site

« Short and tandem repeats
« Punctate binding regions
« MicroRNA

T
1100 kb

<1kb



Split reads

Faired-end reads

Single-end reads
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{c)sTuDY DESIGNS

A beginner’s guide to eukaryotic
genome annotation

Mark Yandell and Daniel Ence

Abstract | The falling cost of genome sequencing is having a marked impact on the
research community with respect to which genomes are sequenced and how and where
they are annotated. Genome annotation projects have generally become small-scale
affairs that are often carried out by an individual laboratory. Although annotating

a eukaryotic genome assembly is now within the reach of non-experts, it remains a
challenging task. Here we provide an overview of the genome annotation process and
the available tools and describe some best-practice approaches,

erc ? | Gene prediction versus gene annotation

Gene prediction

[SMAF)

[Exonerate] =

mRMNA or EST evidence =_= =

Protein evidence I I I ]

[BLASTX)

Gene annotation resulting Start codon Stop codon
From synthesizing all
available evidencoe

[two altermative splice forms) I Ir _

DOi: 101038/nrg3174 " 279500 | 229000 | 228500 | 22BODD | 227500 229000 226,500

TR bp PUTR




MAS O QUE E UM GENE?




DEFINICAO DE GENE

Pioneiro - Wilhelm Johannsen

1909 - gene

“The word gene is completely free of any hypothesis; it
expresses only the evident fact that, in any case, many
characteristics of the organism are specified in the germ cells
by means of special conditions, foundations, and determiners
which are present in unique, separate, and thereby
independent way”

THE LLAWS OF INHERITANCE.
Elemente der exakien Erblichkeitslehre. Deutsche
wesentlich Erweiterte Ausgabe in Fiinfundzwanzig
Vorlesungen. By W. Johannsen. Pp. vi+316.
(Jena : Gustav Fischer, 1909.) Price g marks.

ITHIN the last few yvears the output of exact

experimental work upon phenomena of here-
dity has been very large, and the progress made, as |
compared with that of the previous forty vears, has |
been astounding. In England it has chiefly been
produced by investigators who have strictly segre-
gated themselves either to the Mendelian or the bio.
metrical schools, and who as a rule seem unable to
realise the merits of the work of their rivals. One may
pause in astonishment on reading, in a recent work
issued by the head of the Mendelian school, that

" T e . “t o "

e eNE



GENE TIPICO DE PROCARIOTOS

Sinais para a
Regulacao da traducgao terminacao da

Regulacdoda N . transcrigao
L Regiao codificante
transcricao J
A A A A A A

I
ANYANY/ANY/ANY/ANY/ANVSANYANYANVANVANYANVANYANVANYAN VANV VZANVANVANV/ANV/AN /AN

5' Q a Transcrigao 3'

L
I

i A
MRNA  csdon de iniciagdo Q Cédon de terminagdo
Polipeptideo o Traducao
I i

Figure 14-1b Principles of Genetics, 4/e
© 2006 John Wiley & Sons

Unidade da informacao genética que controla
a sintese de polipeptidios!



GENE TIPICO DE EUCARIOTOS

Sinais para a

Regulacao da traducao terminacao da
Regulac¢ao da transcricao
transcricao Exon 1 Intron 1 Exon2 Intron2 Exon 3 A

1 Ny A —*— A —>— |

ANY/ANY/ANY/A\Y/A\Y/A\V/A\V/ANY/ANY/ANY/ANV/ANV/ANY/ANY/A\V/ANY/ANY/A\V/ANV/ANY/ANYANZANVANV/AN YA Y/A\Y/A\V/A\V/A\V/AN

5' Q a Transcrigao 3

Transcrito | - ot i
primdrio  cap :I UA A,
| ; <> <; ; Remoc¢ao dos
' AUG UAA ' 0 introns
MRNA <> \}
: il ] [ ] i i
AUG UAA
Cddon de iniciagcao Q Cdédon de terminacao
Polipeptideo e Tradugao
N — C

Figure 14-1b Principles of Genetics, 4/e
© 2006 John Wiley & Sons



CONCEITO TAMBEM SERVE PARA RNA ESTRUTURAL

DNA
‘ transcricao

|

RNA ribossomal (rRNA) RNA transportador (tRNA)
RNA ribossomal (rRNA)

E os outros RNAs????

RNAt em trés dimensdes.



Perspective

What is a gene, post-ENCODE?
History and updated definition

Mark B. Gerstein,'#*? Can Bruce,?* Joel S. Rozowsky,? Deyou Zheng,? Jiang Du,?
Jan O. Korbel,?> Olof Emanuelsson,® Zhengdong D. Zhang,? Sherman Weissman,’

and Michael Snyder?®

“A gene is a union of genomic sequences
encoding a coherent set of potentially
overlapping functional products”

Doi: 10.1101/gr.6339607



HISTORICO DA DEFINICAO DE GENE

Gene é uma unidade discrete de hereditariedade;
Gene é um locus distinto;

Gene codifica uma proteina;

Gene é uma molécula fisica;

Gene é uma unidade de transcrito;

Gene é um quadro aberto de leitura (ORF);

SERA?



Table 1.

Phenomena complicating the concept of the gene

Phenomenon

Description

Issume

(Gene fotion ond strciure

Intronic genes

Gz with owerlapping reading frames
Enhancers, slencers

Structural voviation
Mobile slements

Gene resrangementsstructural vadants

Copy-rumiber sanants

Epigenetics and cfromesome sticiume
Epigenietic modifications, imprinting

Effect of chromatin structure

Post-lrorsciplional evenls
Altemative splicing of RMA

Altematively spliced products with alternate
reading frames
RMA trons-splicing. homotypic rans-splicing

RMA editing

Post-tronsistional evenls
Protein splicing, wiral polyprotsins

Protein tramns-splicing
Prot=in modification

Perudogermes and refrogemes
Retrogenes

Transoribed pseudogenes

A gene exists within an intron of
arather (Henikaff et al. 1985)

A DMA region may code for bwao different
protsin products in differsnt resding
frames (Contreras et al 1977)

DE;J};E?JIM elements (Spilianaks et al.

Genetic slernent appears in ney locations ower

Eﬁmmtums (hcClintock 1548)
rearTangement or splicing in somatic cells

resulls in many albemakive gen
pmdmtErly etal 'I‘J‘:EI}]

Copy number of genes/regulatony slements may
differ between indriduals (lafrate et al. 2004;
Sebat et al. 2004; Tuzn et al 2005)

Imbhenited information miy mat b=
based (e.g., Dobrovic =t al. 1988); a gene’s
expression depends on whether it is of
|I:|a|.=rr|al ar maternal angin (Sager and Kitchin

ars)

Chromatin structure, which does influence gens
expression, only loosely associated with
particular M.-I:I:ru:qumcH [Paul 1972)

O transcript can generate multiple mEMAs,
resulting in different protein products (Berget
et al. 1977; Gelinas and Roberts 1977}

Ahermative reading frames of the INEda twmar
suppressor gene encodes bvo unrelated
protsirs (Quelle et 2. 1995)

Distant DA s=quences can code for tanscripts
ligated in warious combirations (Borst 1986).
Twa identical transcripts of a gene can
trans-splice to generate an m where the
same exon sequence is repeated (Takahara et
al. 200).

R is encymatically miodified (Bsen 1988)

Protein product seli-clesves and can generate
muitiple functional products (Vila-Komaroff
et al. 1975)

Diistinect proteirs can be spliced together in the
absence of a trans-spliced transoript (Handa et
al. 199a)

Protein is modified to alter structure and
function of the final product (Wold 1981)

A retrogene is formed from neverse transcription
of its parent genie’s mAMA (Vanin =t 2l 1560)
and by insertion of the DA product into a
genome

A %eudugu'le is transcribed [ Zheng =t al. 2005,
07 .

Two genes in the same loous

Mo one-to-ore comespondence betwezn DRA
ard proten sequence

DA determining expression can be

Wlmd from utng're-anuthms in
genome. Many-io-many relationship bete een
genes and their enhancers.

A genetic dement may be not constant in its
loscation

Gene structure is not hereditary, or structune
may differ across indivduals or oolls'lsues

Genetic dements may differ in their rumber

Phenotype is not determinied strictly by
genoiyps

Gene expresion depends on packing of DMA.

DM ce is not encugh to ict gene
. sequen oug predict gen

Muiti ucts from one genstic locus;
ird m in DA not Fneu'l:.rrdu:d to thiat
oin =]

Two alternative splidng products of 2 pre-mARRA
produce protein products with o ssquence in
common

A protein can result from the combined
information encoded in multiple transcripts

The irformation on the DNA is not encoded
directly into BMA sequence

Start and end sites of protein not determined by
genetic code:

Start and end sites of protein nat determined by
genetic code

The information on the DA i not encoded
directly into probsin sequence

R 1o-DMA flow of information

Einchemical activity of supposedly dead
elements - Y

Doi: 10.1101/gr.6339607



NOVA VISAO DOS GENES

A DA Sequence
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The Evolving Definition of the Term “Gene”

Petter Portin*' and Adam Wilkins®
*Laboratory of Genetics, Departrment of Biology, University of Turku, 20014, Finland and Tinstitute of Theoretical Biology,
Humboldt Universitit 2u Berlin, 10115, Germany

Table 1 Abridged list of different propositions for a definition of the gene in the current era given by

different authors

Essential Content or Character of the Proposition Classification Author(s)
These three first operational definitions give criteria, formal, Operational Shyder and Gerstein (2003}
experimental and computational, for identifying genes in the Operational Pesole (2008)

DA sequences of genomes, annotation of genomes, and for Operational
speafying the function of genes
In these three following definitions, classified as molecular, the hodecular

structural and the functional gene are conceptually Modecular
distinguished and separated Modecular
In this definition two gene concepts, “gene-P (preformationist)” Complex
and “gene-0 (developmental)”, are distinguished
This definition presents three different concepts of the gene: Complex
instrurmnental, nominal and postgenomic
This definition aims at to define the gene on the basis of it A new kind of redefinition

products and separates it from DA

Stadler et al. (2009)
Scherrer and Jost {2007)
Keller and Harel {2007)
Burian (2004)

Moss {2003)

Griffiths and Stotz (2006)

Waters {1994)
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ENCODE

3 Characterization of intergenic regions and gene
definition

The prevalence and analysis of ENCODE data are changing the definition and characterization of
intergenic and genic regions

The cumulative coverage of transcribed regions in the 15 cell lines across the human genome is 62.1% and
74.79% for processed and primary transcripts, respectively (Supplementary Table 10 and Supplementary Fig.
22). On average, for each cell line, 39% of the genome is covered by primary transcripts and 229, by processed
RMNAs. Mo cell line showed transcription of more than 56.79; of the union of the expressed transcriptomes
across all cell lines. When mapping the current RMA-seq data to the ENCODE pilot regions (Supplementary
Table 10), we observed a similar, albeit higher, extent of transcriptional coverage of 73.3%, for processed RMNAs
and 84.5% for primary transcripts. Previously reported estimates in these regions for processed and primary
transcripts were 249 and 93%, respectively (Supplementary Table 2.4.3 and ref. 3). The increased genome
coverage by processed RMAs stems largely from the inclusion of non-polyadenylated RNAs in the current study.
Other than that, given the differences in the samples studied, the selection of pilot regions with high genic
content, the increase of annotated genomic regions over time, and the different technologies used to interrogate
transcription, both estimates are in reasonable agreement.



10 Characterization of network topology

ENCODE data analysis helps to describe the various types of regulatory
"wiring” implicit in the genome

11 Machine learning approaches to genomics

ENCODE has applied machine learning approaches to enable integration and
exploration of large and diverse data

12 Impact of functional information on understanding
variation

ENCODE provides an initial interpretation of many human variants and
plausible leads for the role of many variants identified in genome-wide
association studies
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CONSTRUCAO PRESENTE NA SOJA RR®

Fromotor 355 do virus Regiao codificadora da
do mosaico da couve-flor EPSPS de Agrobacterium
e

. 4

DNA - DMA
da ! | da
planta planta
— [

——
Peplideo-Transito Regido terminador do
de Agrobacterium gane NOS de Agrobacternunm

Figura 1 - Representacao da construcao presente na soja RR® (Roundup Ready).
Regiao promotora 35S do virus do mosaico da couve flor, peptideo de trinsito de
Petunia, gene que codifica a proteina EPSPS, que confere a resisténcia ao herbicida,
e o terminador do gene da nopalina sintase (NOS).
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RESEARCH ARTICLE

What are housekeeping genes?

Chintan J. Joshi ', Wenfan Ke 2, Anna Drangowska-Way?, Eyleen J. O°’'Rourke 2%,
Nathan E. Lewis ()" *%5+
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Systems biology
Defining the extent of gene function using ROC

curvature
Stephan Fischer ® ' and Jesse Gillis ® ">*

'Cold Spring Harbor Laboratory, Stanley Institute for Cognitive Genomics, Cold Spring Harbor, NY 11724, USA, ZInstitut Pasteur,
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Toronto, ON, Canada

Systems biology

Transfer learning across ontologies for
phenome-genome association prediction

Raphael Petegrosso’, Sunho Park?, Tae Hyun Hwang? and Rui Kuang™*

'Department of Computer Science and Engineering, University of Minnesota Twin Cities, Minneapolis, MN 55455,
USA and *Department of Clinical Sciences, University of Texas Southwestern Medical Center, Dallas, TX 75390,
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O MELHOR ENTENDIMENTO DOS GENES
CONTRIBUI COM O MELHOR
ENTENDIMENTO DA ARQUITETURA
GENOMICA!!!

HIV tipo 1-19.750 b

Mamute
4.17 Gb

Escherichia coli Humano
5 Mb 3Gb



NUMERO DE GENES EM EUCARIOTOS

Espécies

Genoma (Mb)

D. melanogaster 165 ~12.000
S. cerevisiae 13 ~6.000
C. elegans 97 ~20.000

H. sapiens 3.300 ~25.000




Table ? | Percentage of non-coding DNA in selected sequenced genomes

Species name

Commeoen Scientific

Yeast Saccharomyces
cerevisiae

Nematode  Caenorhabditis

worm elegans

Fruitfly Drosophila
melanogaster

Human Homo sapiens

Genome
size (Mb)

12.2

100.3

168.7

3,107

Fraction of genome (%)

Genic

73.5

59.7

48.2

45.1

Exonic

729

28.1

18.3

28

Non-coding
Intronic
0.6

31.2
30.0

42.3

Intergenic
26.6

40.8
51.8

54.9

Source of gene annotations

(June 2008 build)
WormBase (WS190)

FlyBase and Berkeley Drosophila
Genome Project (BDGP; release no. 5)

UCSC Genome Browser Known
Genes table (hg18)

The genic fraction consists of both exonic and intronic sequence. The exonic fraction consists of both coding sequence (CDS) and 5" and 3" UTRs. Strictly speaking,
UTRs are non-coding, so the exon fraction is a slight overestimate of the fraction of coding sequence in the genome.

Do

i 10.1038/nrg2814



—t— Mammals
Birds -+
F—+—— Reptiles
—_—

Frogs
Salamanders ———tt—y
Lungfishes —e—
Tedeost fishas p———
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COMPARAGAO NO TAMANHO DE GENOMAS

kA
o
e

700000 =+ 670000

L &

g 20002

3500~
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3000
2500

2000

1500

Tamanho do genoma (

1000
500

A complexidade de um organismo nao é diretamente proporcional ao tamanho do
genoma; alguns organismos unicelulares possuem muito mais DNA que os humanos.




Number of genes (log;)
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ORGANIZACAO DOS GENES EM EUCARIOTOS

po rcentagem
S. cerevisiae
50
40
30
20
10
50 D. melanogaster
40
30
20
10
S0 Mamiferos
40
30
20
10

<0.5 <1 <2 <5 <10<25<50<100>100

> _Tamanho dos genes (kb)_ >

Enorme variagao no tamanho dos genes dos mamiferos!
De onde vem isso?




GENES NA MOLECULA DE DNA

Bactéria

[ = =3 [—= — ‘._., aani  eem . o = = B —— T —— - — =1

gene gene gene gene gene gene gene gene gene gene gene gene gene

Levedura
10y b Mill e _______|] m m m m e——
P e e e e — S— el s it 20 Kb
gene gene gene gene gene gene gene gene gene gene
Drosophila
T e Tp— T . T I [T T [ TR
[T T — | E==i-E s === = as | = == n_n._d_njllzoo Kb
gene gene gene gene gene gene gene gene
Humano
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PR PR 1 = TG0 ~ T SRS (ht S - 4~ If S T T Y TR ~ T —— Ty <10 1 T~ | B0 U T TR = G~ U SR < P 1T Y D S 0] 200 Kb
gene gene gene

Grande variacao nos tamanho dos genes
geradas pela presenga dos introns!



A proteina gigante do musculo titina contém 38 138 residuos de
aminoacidos (contém 363 exons) que tem um papel importante

na contracao e elasticidade dos musculos.
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Theoretical Biophysics Group
Beckman Institute
Univeristy of [llinois at Urbana-Champaign



Estrutura de exon-intron do gene titin (293 kb)
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Bang, M.-L. et al. Circ Res 2001;89:1065-1072
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DNA lixo???

Promotor

Just because of you don’t understand,
you Can’t Call us “Junk”t




CORRELAGCAO ENTRE TAMANHO DE GENOMAS E ELEMENTOS DE TRANSPOSICAO

2.5 —

Logqq (x+ 1) percentage of the genome
=
|

[ 1 [ 1 I I I '
00 05 410 156 20 25 30 35 40

Log4g (x+1) genome size (Mb)

doi: 10.1038/nrg1674



The figure provides a LTR retrotransposons

summary of the different DNA transposons
components of the human Simple sequence

L I 5% of repeats
genome. Less than 1.5% of

. Segmental

the genome consists of the duplications
suspected 20,000-25,000 LINEs
protein-coding sequences. Miscellaneous

By contrast, a large heterochromatin

majority is made up of
non-coding sequences such
as introns (almost 26%)
and (mostly defunct) ~ Miscellaneous
transposable elements Hnighia sequiances

(nearly 45%). Data are

Protein-coding
genes

taken from REE 16. Introns

O surgimento de elementos de transposi¢cao tem
proporcionado o duplicacao do tamanho de genoma
em humanos

doi: 10.1038/nrg1674



The Origins of

Genome Complexity
Michael Lynch'* and John S. Conery®
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Barbara McClintock
(1902-1992)

Nobel Prize in 1983
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Transposable elements and the evolution of genome size in eukaryotes

Margaret G. Kidwell

Department of Ecology and Evolutionary Biology, The University of Arizona, Tucson, AZ 85721, USA {Phone:
(5320) 6211 784; Fax: (320) 62 1-9190; E-mail: kidwell@azsramet.com)

Table 1. Characteristics of some widely distributed types of transpesable elements

. ; Class Subchss Superfamily Family examples Approximate
Kev words: genome size, molecular evolution, transposable element size range (bp)
1. Retroelements LTR retro- Tl-copia Opie-1 in maize
RNA-mediated Lransposons BEL Cerf in
elements C. elepans
DIRS-1 IHRS-Tin 000
Ti-pypsy S000-14,000
Noa-LTR LINE: 1000700
15 humazns;
Telement in
Drosophila
SINEs Al in humans 100-500
11 Transposons Cut amd peaste mariger-Tel Telin 110002000
DM A-mediated transposition C. elepanr,
elements DDE signature mariner in
Novas classes surgem gquase .
Mu M in maire; 400-20,000
MULEs in
H H I Arabidopsis
lariamente! s
maize
Cut and paste RAT hobo in SO0-4600
ransposition Drosophila:
DDE signature Ac in maize;
ahsent Tam-3
in Anthirinfhum
Banco : RepBase - e
L] Rolling cirche Helitmns Helitrons in S500-17.500
(RC) transposition A thaliana,
[ [ . sariva, and
http://www.girinst.org/repbase
L ° L Unclassified Foldhack Galilen in Large, bat
I, Bugzatii highly varkable
Mini-me Mini-me S00-1200
in many
Drosophila

species




Retrotransposons Transposons

Elementos da Classe | Elementos da Classe Il

RNA Pol Il TIR TIR
LTR , LTR
W Transposase

Excisdo

l Transcrigao reversa

A classe predominante depende do grupo taxonémico:

LINE e SINE — em mamiferos.

SINE - presentes em aves mas nao ativos
LTR retrotransposons - gramineas

DNA transposons — nematoides

Em casos muito raros transposon ndo sdao encontrados em genomas pequenos

Nova posi¢ao _I>H H P_

Nova posi¢ao

—_— - —

Posigao antiga —_— —




DESAFIO NO GENOMA DE PLANTAS...

“Uma das primeiras e mais proeminentes observagoes nas
propriedades moleculares do material genético de plantas superiores
foi a tremenda variag¢ao no tamanho do genoma’:

Bennetzen and Kellog, 1997 - The Plant Cell, 9: 19.1514

= e a— |

Muitos modelos estatisticos nao
funciona, para plantas..
Muitas familias multigénicas
Poliploides
Muitos paralogos

Fritillaria assyriaca - 110000 Mpb Arabidopsis thaliana - 110 Mpb




Genome size (Mb)
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Table 1| Crop genome characteristicz

Crop

Cucumber
Peach
Strawberny”
Orange
Papaya
Medicago®
Foxtail millet
Cacao

Rice

Grape
Cassava
Sorghum
Figeonpea
Fotato
Tomato
Soybean
Sugar beet
Maize
Sugarcane
Barley

Bread wheat

Awverage angiosperm

Genome
size (Mb)

200
230
240
320
370
375
410
430
450
4490
530
730
433
540
1,000
1.200
1.200
2,300
4.000
5.500
17,100
5.900

Gene

number

21,000
28,000
35.000
25,000
20,000
48,000
35.000
20,000
41,000
30.000
31.000
28,000
40,000
30.000

46,000

33.000

Transposable
element
content (%)

22

52
30

24
25
41
63
52
62

50

85

Refs

Phytozome

Phytozome
16

Phytozome
140

15
Phytozome
150

151

24
Phytozome
109

152

17

Kew

153

Kew

154

Kew

Kew

Kew

Ko

The table shows the genome size, gene and transposable element content for the world’s ten
top preduction crops and all other crops with sequenced genomes. In the ‘Refs’ column,
‘Phytozome’ refers to htto:fwww.phyvtozome.net and ‘Kew” refers to http//data.kew.org/

cvalues. *Sequence of a species related to the main crop.




Genoma de A. thaliana — muitos paralogos
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Corn and humans: recombination and
linkage disequilibrium in two genomes
of similar size

Antoni Rafalski' and Michele Morgante?®

'DuPont Crop Genetics, Experimental Station E353, PO Box 80353, Wilmington DE, 19880-0353, USA

*Dipartimento di Produzione Vegetale e Tecnologie Agrarie, Universita’ di Udine, Via delle Scienze 208,
Polo Scientifico Rizzi = 33100 Udine, ltaly
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TRENDS in Genelics

Influéncia na eficiéncia de marcadores
moleculares devido ao desequilibrio de ligacao



Table 2. Linkage disequilibrium (LD) in different species

Species LD Criterion
Human 60 kb D’ half-length, North Europeans
Human 5 kb D’ half-length, Yorubans
Cattle >10cM D’ half length
Arabidopsis thaliana 50-100 kb r?, half length
Soybean =50 kb Little LD decay found
Norway spruce ~100 bp r? half length

~200 bp r’ =0.2
Grape =500 bp r? half length
Maize ~400 bp r’=0.2
Maize (inbreds from the USA) ~1kb r’=0.2
Maize 200-1500 bp r’ =0.2

“S. Degli lvanissevich and M. Morgante, unpublished.
PE. Cattonaro et al., unpublished.

A historia evolutiva dos genomas

sao especificas
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A High-Density Genetic Recombination Map of Sequence-Tagged Sites for
Sorghum, as a Framework for Comparative Structural and Evolutionary
Genomics of Tropical Grains and Grasses

John E. Bowers,* Colette Abbey,” Sharon Anderson,’ Charlene Chang,” Xavier Draye,’
Alison H. Hoppe,' Russell Jessup,” Cornelia Lemke,* Jennifer Lennington,’
Zhikang Li," Yann-rong Lin," Sin-chieh Liu," Lijun Luo," Barry S. Marler,*
Reiguang Ming,” Sharon E. Mitchell,* Dou Qiang," Kim Reischmann,’

Stefan R. Schulze,* D. Neil Skinner,* Yue-wen Wang,'

Stephen Kresovich,* Keith F. Schertz'
and Andrew H. Paterson*"!

Uso de 2050 sondas de RFLP

8.5 PSB0204%
10.8 5COSE06
13.1 PRC0122 pSBO491% pSB140la
14.6 PSBO541
60
20 RZ028
21.6 CsU590
2 - 24.6 CSU737a -4 CSU608
mdounle crossovers 26.2 PEBO700a pSBOB1L
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Crop genomics: advances
and applications

Peter L. Morrell', Edward S. Buckler? and Jeffrey Ross-Ibarra®
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AINDA TEM MUITO O QUE FAZER...

Expectativas de genes em humanos:
antes — 60.000-120.000

draft do genoma — 30.000-35.000
atualmente - 20.000-25.000 na montagem final
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CNEMSEL D e
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QUANTO MAIS SE APRENDE, MAIS PERGUNTAS SURGEM...

* Que tipo de sequéncias compdem a maioria de regioes
nao codantes no genoma?

 Como essas sequencias sao ganhadas e perdidas nos
genomas ao longo da evolucao?

* Quais efeitos ou talvez funcdes esse DNA nao codante
tem no fenotipo?

* Porque alguns genomas sao tao enxutos (aves) e outros
tao grandes (salamandras)?
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Structure, function and diversity of the
healthy human microbiome

The Human Microbiome Project Consortium®*
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’.ﬂ Gastrointestinal

Human genome

. . 23,000 genes
Human microbiome .

1,000,000+ genes



FENOTIPO = GENOTIPO +
AMBIENTE?




Microbial genome-enabled insights
iInto plant—microorganism interactions

David S. Guttman', Alice C. McHardy?® and Paul Schulze-Lefert>*

APPLICATIONS OF NEXT-GENERATION SEQUENCING

Recent advances in genomic DNA

sequencing of microbial species from
single cells

Roger S. Lasken and Jeffrey S. McLean
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A CULPA E DO SANGER...
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Proc. Natl. Acad. Sci. USA
Vol. 74, No. 12, pp. 5463-5467, December 1977
Biochemistry

DNA sequencing with chain-terminating inhibitors
(DNA polymerase/nuclectide sequences/bacteriophage $X174)

F. SANGER, S. NICKLEN, AND A. R. COULSON

Medical Research Council Laboratory of Molecular Biology, Cambridge CB2 2QH, England

Contributed by F. Sanger, October 3, 1977



({‘:@ APPLICATIONS OF NEXT-GENERATION SEQUENCING
-

Sequencing technologies —
the next generation

Michael L. Metzker**
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APPLICATIGNS OF NEXT-GENERATION SEQUENCING

rRepetitive DNA and next-generation
sequencing: computational challenges
and solutions

Todd J. Treangen' and Steven L. Salzberg'?

,Sequencing depth and coverage: key
considerations in genomic analyses

David Sims, lan Sudbery, Nicholas E. llott, Andreas Heger and Chris P Ponting

@slwﬁLE-CELL OMICS

Single-cell genome sequencing:
current state of the science

Charles Gawad', Winston Koh** and Stephen R. Quake?*




,High-throughput functional genomics
using CRISPR—-Cas9

Ophir Shalem, Neville E. Sanjana and Feng Zhang

APPLICATIDNS OF NEXT-GENERATION SEQUENCING

Unravelling the genomic targets
of small molecules using
high-throughput sequencing

Raphaél Rodriguez'-? and Kyle M. Miller?

‘Genomes by design

Adrian D. Haimovich', Paul Muir'—* and Farren J. Isaacs '~




19 de Abril - Aula “Sinalizacao celular”

Plasmidios e novas tecnologias de clonagem:
Gibson, Gateway e outros



