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- O que éogenoma?




Projetos
Genoma

HUMAN "~
GENOME .

Genoma: seguencia de DNA
de todos 0s cromossomos
nuclear e da mitocondria de
um organismo




Evolucao da descoberta da origem
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Onde estao 0s genes?

FIAN TR e
T AL W)
4 \ \, /| ',‘.‘:\ JIN S \"\
ARRR (R
Somatic cell "‘MJL“ \ |/

Mitochondrial /
chromosomes o ©_ I RN
(] o o4 .
Pt S
7Ny 7
g7 st f
K

..CAGGTCTTAGCCATTCGGAAT
CGTACGCTAGCAATTCTTATGG
AAACTGTGAAGGCTTATAAT...

Human Genome Sequence

Elsevier. Nussbaum et al: Thompson and Thompson's Genetics in Medicine 7e - www.studentconsult.com

Cromossomos nucleares e

mitocondriais

Em todas as células
de nosso corpo e de
todos os seres vivos

Fat cells

Heart muscle

Red blood
cells

Nerve cells




DNA a molécula da vida

Cada célula humana tem:

46 Cromossomaos

Genes contain

instructions 2 metros ae DNA

for making
proteins

3 bilhoes de
subunidades de DNA
(bases A, C, T,G)

or in complexesto
perform many cellular
functions

~ 25.000 genes que codificam para RNA e proteinas
responsaveis pelas funcoes biologicas



Niveis de
empacotamento do



Modelo da
dupla hélice
do DNA

Watson e Crick 1953
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No. 4356 ﬁpril 25, 1953

equipment, and to Dr. G. E. R. Deacon and the
captain and officers of R.R.8, Discovery II for their
part in making the observations,
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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

E wish to suggest a structure for the salt

of deoxyribose nucleic acid (D.N.A.). This

structure has novel features which are of considerable
biological interest.

A structure for nucleic acid has already been

proposed by Pauling and Corey!. They kindly made

their manuscnpt avallable to us 111 a,dvance of
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Thiz figure iz purely

diagrammatic. The two
ribbone symbolize the

two  phosphate—sugar -

chains, and the hori-
rontal rods the pairs of
bazes holding the chains
together. e vertical
line marks the fibre axis

April 25, 1953: James Watson e Francis Crick publicaram o

classico paper que descreve pela primeira vez a estrutura de dupla
hélice do DNA. Eles notaram que a estrutura sugeria 0 mecanismo
de replicacdo do material genético.



Premio Nobel em Fisiologia e Medicina em 1962
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Francis Harry James Dewey Maurice Hugh
Compton Crick Watson Frederick Wilkins

The Nobel Prize in Physiology or Medicine 1962 was awarded jointly to Francis
Harry Compton Crick, James Dewey Watson and Maurice Hugh Frederick Wilkins
"for their discoveries concerning the molecular structure of nucleic acids and its
significance for information transfer in living material”.




Cromossomos Humanos
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The Human Genome

The Human Genome is the total of the genetic information
that is held in each human cell. It is usually made up of 46
chromosomes: 22 pairs of autosomes and 1 pair of sex
chromosomes, which are usually X and X for females and
X and Y for males.



Exemplo de transtorno cromossomico

Sindrome de Down




Albinismo: auséncia ou defeito
de uma enzima envolvida na
producao de melanina.
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Acondroplasia: substituicdo de
uma glicina por arginina no
dominio transmembranar do
receptor do fator de crescimento
fibroblastico 3




DNA mitocondrial (circular)
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ARN 16S

tRNA Leu

TER

ND 1 tRNA His

Human mt DNA
16568 bp

tRNA lie
tRNA Gin

ND 4

tRNA Ala
tRNA Asn

tRNA Cys

tRNA Tyr ND 4L

Light strand

tRNA Arg

tRNA Trp tRNA Ser
oL
> tRNA GI
S _ coX 3 d
COX 2 ATPase 6
ATPase 8 Heavy strand

tRNA Asp

tRNA Lys

tRNA Leu
tRNA Ser

Codifica para
algumas proteinas
gue participam da
fosforilacao
oxidativa. Codifica
também tRNA,
rRNA para a
sintese protéica
mitocondrial

37 genes
mitocondriais
humanos



Padrao de heranca mitocondrial

] O

(materna)

g 5
O BOe e
O O e



“Heranca mitocondrial e do cromossomo Y

Great
Grand -
father

ﬂ ‘l i |.| -
Grandfather I Il ElD Grandmother

IGT 'ilgT 'ilg% 'iumu%}iir

“NE
II i!
Father L L -l'D Mother

II Other chromosomes
Y chromosome '.l
IIII"‘“ Mitochondrial DHA I'D Daughter




Como 0s genes estao distribuidos

ao longo dos cromossomos ?



Nao ha relacao entre o tamanho do cromossomo
e 0 numero de genes no genoma humano

A
Tamanhodos |: ..
s
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— ® 50
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1 2 191117 3 6 7 12 56 16 X 9 10 4 8 14 15 20 22 13 18 21 Y
© Elsevier. Nussbaum et al: Thompson and Thompson's Genetics in Medicine 7e - www.studentconsult.com|




Contraste entre as densidades génicas
humanas (tamanho dos genes)
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Genes Humanos envolvidos na sintese de histonas
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Genes com fung¢oes semelhantes encontram-se dispersos no genoma.
Varias copias de genes fundamentais.



Peculiaridades da organizacao génica:
Trés genes dentro de um intron de outro
gene no sentido oposto

Exon 26 - Exon 27
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Peculiaridades da organizacao génica:
Genes mitocondrials sobrepostos




enoma Humano: tipos de DNA

50%




Sequencias de DNA repetitivo

» SINEs (elemento nuclear intercalante curto)
Ex: Familia Alu: tamanho 300 nucleotideos.
Compoem 10 % do genoma humanao.

* LINESs (elemento nuclear intercalante longo)
tamanho 6 Kb. Ocupa 20 % do genoma humanao.

» Regibes centroméricas, telomericas e transposons.




50% do genoma humano é constituido
de DNA repetitivo
(também chamado de DNA satélite)

unikrm gradient
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Menos de 2 % do genoma
humano codifica proteina

Como explicar a complexidade
do genoma humano?



A quantidade de DNA nao codificador de proteinas
esta relacionada a complexidade dos organismos
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Visao da atividade génica em eucariotos

NEW VIEW OF GENE
ACTIVITY IN EUKARYOTES
Some of the intronic RNA and even
some of the assembled exonic RNA
may play a direct regulatory role by
interacting with the DNA, other RNA
molecules or proteins. By modifying
protein production atvarious levels,
these noncoding RNAs may
superimpose additional genetic
instructions on a cell.

Gene Regulation

DNAgene
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Papel do RNA nao codificador (hcRNA) na
expressao genica

*Desenvolvimento embrionario
*Diferenciacao celular
*Estabilidade gendmica
*Estabilidade do mRNA

eAltera a estrutura da cromatina



Um tipico gene humano




Trés genes humanos importantes na Medicina




A sintese do mRNA é fiel ao DNA
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Passos do processamento do RNA
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Mecanismos do processamento do RNA

| Exon 1 | Intron Exon 2

e

OH Intron

(a)

M
Splicing enzyme

(c) oll-—i

Processamento por
Auto splicing spliceossomo



Processamento alternativo do RNA

Exons

mE

DNA

Pre-mRNA

RNA splicing or

maturemrNA NN R

Figure 6: Alternative RNA splicing.
Production of two different mREMAS from the same gene.

Produz 2 diferentes RNAs a partir do mesmo gene:
2 1soformas proteicas



‘ Processamento diferencial do gene da tropomiosina
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Mutacoes que afetam o splicing normal do gene
da B-globina causando a p-talassemia

Padrao normal de splicing

Exon 1 xon 2 Intron 2

Sitio doador do intron 2: G Sitio aceptor do intron 2: AG

B
Mutacgéio que destréi um sitio de corte aceptor normal e ativa um sitio criptico
Mutacao uoem____,_.-—bv.'n'. sSphcing a partr do sihio mutante
s"omw‘of uso de um siho crpt no intron 2
do intron 2 em -
Ex Intron 2 ron 2 Exon 3
/ /;mronz Exon 3
Sitio aceptor criptico do infron 2 TTTCTTTCAGIG Mutagao " .....CGG | CTC.....
Sitio aceptor consenso  YYYYYYNYAG|G Intron 2 | Exon 3
Normal: .....CAG | CTC.....
C

Mutacao que cria um novo sitio de corte aceptor dentro de um intron

Mutagsio B* no intron 1 pb 110 ———> S0 reduzido de um sitio normal ndo afetado
em um sitio aceptor critico > Us0 preferencial de um sitio mutante

Exon 1 Intron 2

L Sitio normal de corte nao afetado
/ Novo sitio de corte no intron

Mutagdo i*  CCTATTAG|T
Sitio aceptor consenso YYYYNYAG
Sequéncianormal CCTATTGGT



NCBI: site para pesquisar doencas genética

-
“Z NCBI Genomic Biology

Search | all Databases (Entrez)

| [ Clear]
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Browse your Genome
Click an the Chramasome to show

|Genes V|

12345678
9 0111213141516

T1a15202122 X Y
Find A Gene

Search for

from |H|:|mD sapiens V|

The HCEI Handbook

An online guide to the use of

MCHI rezources. Titles of

selected chapters that refer to

Mhuman genome Fesources are
showen below .

Human

Genome

Resources

A challenge facing researchers today iz that of piecing together and analyzing the plethora of data currently
being generated through the Human Genome Project and scores of smaller projectz. NCBI's Web site serves
an an integrated, one-stop, genomic information infrastructure for biomedical researchers from around the
wearld zo that they may use these data in their research effarts. Mare..

Genes and Human Health

F ORIM

A guide to human genes and inherted dizarders
maintained by Johns Hopkinzg University and
collaborators.

P Gene Database
A nevy database of genes and associated
infarmation iz now availsble far zearching in Entrez.

¥ RefSeq

Reference sequences of chramasomes, genomic
contigs, mRMAS, and proteins for human and major
madel organisms.

b dbsHP
A database of single nuclectide polymorphisms
[=MP=) and ather nuclectide varistions.

Reagents

¥ Full-Length <DHA Clones
The MIH Mammalian Gene Collection (MGC) provides
sequence-verified cOMA, clone reagents for mast

¥ Molecular Probes
A ey MCBI database provides sequences of
malecular prabes, their biomedical applicstions, and

National Center for Biotechnology Information
http://www.ncbi.nlm.nih.gov/



http://www.ncbi.nlm.nih.gov/
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Sequéncias de DNA sao submetidas ao NCBI

E’_‘-," NCBl  Resources ™ How To [+

=NCBI

Mational Certer far
Bictechnalogy Infarmation

NCBI Home

All Datahases v ||

Welcome to NCBI

Resource List (A-7)

All Resources

The Mational Center for Biotechnology Information advances science and health by providing access to biomedical
and genomic infarmation.

Chemicals & Bioassays

About the NCBI | Mission | Organization | Besearch | MCBI Mews

Data & Software

DMA & RMA

Get Started

Doraing & Structures

Genes & Expression

Tools: Analyze data using MCBI software
Downloads: Get MCEBI data ar software

Genetics & Medicine

How-Ta's: Learn how to accomplish specific tasks at MNCEI

LR I

Genomes & Maps

Submissions: Submit data to GenBank or other NCBI databases

Homaology

Literature

Proteins

Sequence Analysis

# A portal to clinical genetics resources

Taxonamy

with detailed information about genetic

Training & Tutorials

“Yariation

tests and laboratories. m
¥ g

n o1 2 3 4 5 B

National Center for Biotechnology Information http://www.ncbi.nlm.nih.gov/



http://www.ncbi.nlm.nih.gov/

Bibliografia

Thompson & Thompson
Genética Médica

Strachan & Read
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Exercicios

. Que tipo de heranca ocorre para o DNA mitocondrial e
para o cromossomo Y humanos?

A quantidade de sequéncia de DNA nao codificadoras
de proteinas aumenta proporcionalmente com a
complexidade dos organismos. Comente e explique.

O que vocé entende por processamento do RNA tecido-
especifico? De exemplo para a espécie humana.

O processamento do RNA pode ser afetado por
mutacao? Explique.

Qual é a relevancia do DNA repetitivo?



