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Initial sequencing and analysis of the
human genome

International Human Genome Sequencing Consortium*

The human genome holds an extraordinary trove of information about human development, phy 3 ine and evolution.
Here we report the resu an international collaboration to produce and make freely availabl aft sequence of the human
genome. We also present an initial an of the data, describing some of the insig hat can be gleaned from the sequence.
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Onde estdo os genes?

Heart muscle
cells

Brain cells

Red blood

cells

wKlear chromosomes

Fat cells

Nerve cells

Cromossomos nucleares
e mitocondriais



Cromossomos Humanos

Caridtipo
Humano

20

Autosomes Sex Chromosomes

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.




DNA a molécula da vida

Cada célula tem:

46 cromossomos
humanos

Genes contain
instructions

for making 2 metros de DNA

3 bilhoes de
subunidades de DNA
(bases A, C, T,6)

Proteins act alol
or in complexes 1o
perform many cellular
functions

~ 25.000 genes que COdlflCClm para RNA e
proteinas responsaveis pelas fungoes biologicas



Niveis de

empacotamento do
DNA

Nucleossomo
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DNA mitocondrial

Yeast mitochondrial DNA (~ T8 ki)

Large . :
ribosomal RMA el

Codifica para
ievoull algumas proteinas
da cadeia de

Ribosome-
associated

Thr {\'-., r_Cytachrome ¢

A\ S Nl transporte de
elétrons e TRNA,
rRNA para a
sintese protéica
mitocondrial
ggm_ﬂ 37 genes
rome ¢ ougese | o mitocondriais

humanos



a mitocondrial e do cromossomo Y
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Principais tipos de doengas
genéticas

= Monogénica: anemia falciforme,
fibrose cistica, albinismo

= Multifatorial (combinagdo génica que
gera predisposi¢do): hipertensado

* Transtornos cromossomicos: sindrome de
Down



Exemplos de doengas monogénicas

i) 4
i i I ~

& ] } ey A T
o i S : L.
! ) ; . A A <

Albinismo: auséncia ou defeito
de uma enzima envolvida na

Acondroplasia:
substituicao de uma glicina
por arginina no dominio

transmembranar do
receptor do fator de
crescimento fibroblastico 3



http://pt.wikipedia.org/wiki/Enzima
http://pt.wikipedia.org/wiki/Melanina
http://pt.wikipedia.org/wiki/Glicina
http://pt.wikipedia.org/wiki/Arginina
http://pt.wikipedia.org/w/index.php?title=Fibrobl%C3%A1stico&action=edit&redlink=1

Exemplo de transtorno cromossomico

Sindrome de Down



Caracteristicas do DNA

Tabkle 11-1 Molar Properties of Bases* in DNAs from Various Sources

Adsnins Thymins Cuaninea

Difragdo de

Hzrring

Human

D N A Human
Human

Razao das bases do DNA



Modelo da
dupla hélice
do DNA

Watson e Crick 1953




No. 4356 API’“ 25, 1953
equipment, and to Dr. G. E. R, Deacon and the
captain and officers of R.R.S, Discovery II for their
part in making the observations,

'Young, F. B., Gerrard, H., and Jevons, W., Phil, Mag., 40, 149
(1820, '

* Longuet-Higging, M. S., Mon. Not. Roy. Astro, Soc., Geophys. Supp.,
6, 285 (1949).

"Von Arx, W. 5., Woods Hole Papers in Phys, Qcearog. Meteor,, 11
(3) (1950).
YEkman, V. W., dArkiv. Maf, Astron, Fysik. (Stockholm), 2 (11) (1005),

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

gtructure 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 manuscript available to us in advance of

NATURE

18 & residue on each chain ev
tion. We have assumed a
adjacent residues in the s
structure repeats after 10 res
ig, after 34 A, The distanc
from the fibre axis is 10 A.
the outside, eations have ead

The structure is an open o
18 rather high., At lower
expect the bases to tilt so
become more COmpaact.

The novel feature of the
in. which the two chains a
purine and pyrimidine bases|
are perpendicular to the fib
together in pairs, a single bsg
hydrogen-bonded to a sing
chain, so that the two lie sig
z-co-ordinates. One of the pi
the other a pyrimidine for
hydrogen bonds are made as
1 to pyrimidine position 1
pyrimidine position 6.

If it is assumed that the

This figure iz purely
diagrammatic. The two
ribbong syvmbolize the
two  phosphate—sasngar
chaing, and the hori-
zontal rods the pairs of
bazes holding the chains
together, The vertical
line marks the Abre axis

April 25, 1953: James Watson e Francis Crick publicaram
o cldssico paper que descreve pela primeira vez a estrutura
de dupla hélice do DNA. Eles notaram que a estrutura
sugeria o mecanismo de replicagdo do material genético.




Premio Nobel em Fisiologia e Medicina em 1962

A

Francis Harry James Dewey Maurice Hugh
Compton Crick Watson Frederick Wilkins

The Nobel Prize in Physiology or Medicine 1962 was awarded jointly to Francis
Crick, James Dewey Watson and Maurice Hugh Frederick Wilkins
veries concerning the frc"'::L Jar structure of nucleic acids and its

r information transfer in living material”.




Quais sdo as fungoes do DNA?
* Replicagdo: preservagdo da

espécie por que é o material
hereditario

- Transcrigdo: sintese de RNA



A replicagdo do DNA é semiconservativa e a
sintese das fitas de DNA é semidescontinua

. Helicase

/

Leading Lagging
strand strand




Replicagdo do
DNA e os
fragmentos
de Okazaki

Uma fita
continua e uma
fita descontinua

5! 3I
Molécula de DNA
sendo replicada

. Fragmentos de

Okazaki

Primers de RNA

- Replicacao Replica¢ao %

continua descontinua

3'5




Os cromossomos dos organismos complexos
tém muitas origens de replicagdo

_____________



- Como os genes estao
distribuidos ao longo dos
cromossomos ?



Media de tamanho de um gene humano: 27 kb

7 internal exons of average length 145 bp

3' UTR = 770 bp ~

JE—

The average human gene is 27 kb long and has nine exons, usually comprising
two longer exons at each end and seven internal exons. The UTRs in the terminal exons are the
untranslated (noncoding) regions at each end of the gene. (This is based on the average. Some
genes are extremely long, which makes the median length 14 kb with seven exons.)




Contraste entre as densidades
génicas humanas
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Ndo ha relagdo entre o tamanho do cromossomo
e o nimero de genes no genoma humano

Tamanho dos  fg®
Cromossomos  [is
— 5

1 2 3 45 6 7 X 8 9 10 11 12 13 14 15 16 17 18 19 20 Y 22 21

NUmero de
genes por
Cromossomo  §
| |I|II||
o Illlllllllll.

1 2 19 1117 3 6 712516)(9 10 4 8 14 156 20 22 13 18 21 Y
© Elsevier. Nussbaum et al: Thompson and Tho n Medicine 7e - www.studen




Sequencias de DNA repetitivo

» Familia Alu: tamanho 300 nucleotideos.
Compoem 10 7% do genoma humano.

» Line: tamanho 6 Kb.
Ocupa 20 7% do genoma humano.

» Regides centromeéricas e teloméricas.



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

unifmrm

S=CEENCE €<— [DNA satélite

main ba nd

s DNA principal




Parents
GGGCAGGAXG Repeat no,

Numero de C|eavageCCCGTCCTXC Cleavage
minisatélites (10a |-
100 pb) difere entre S

0s Individuos e entre
0s alelos de um
mesmo individuo

(heterozogoto).

DNA fingerprinting . f

Alleles may differ in the number of repeats at a minisatellite locus, so that
cleavage on either side generates restriction fragments that differ in length. By using a
minisatellite with alleles that differ between parents, the pattern of inheritance can be
followed.




Menos que 2 7% do genoma
humano codifica proteina.



- Repetitive DNA

—oxonss 3%

A o
Other Introns = 24%

intergenic DNA

Genes occupy 25% of the human genome,
but protein-coding sequences are only a tiny part of this
fraction.




A guantidade de DNA nao codificador esta relacionada
a complexidade dos organismos
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Percent of DNA Not Coding for Protein

Prokaryotes One-celled Fungi/  Invertebrates Chordates Vertebrates Humans
eukaryotes Plants




Visao tradicional da atividade géenica

GENE ACTIVITY IN PROKARYOTES TRADITIONAL VIEW OF GENE ACTIVITY IN EUKARYOTES

Prokaryotes [bacteria and other simple cells) have In the DNA of eukaryotes [complexorganisms), individual genes comprise “exon” sequences
DNA that consists almost entirely of protein-coding that code for segments of protein separated by noncoding “intron” sequences. When a geneis
genes. When those genes are active, they give rise to active, itis entirely transcribed as RNA, but then the intronic RNA is spliced out and the exonic
RNA transcripts that are immediately translated into RNAis assembled as messenger RNA The cell translates the messenger RNA into protein while
proteins, which in turn regulate genetic activity and breaking down and recycling the intronic RNA, which serves no purpose.

provide other functions.

—— DNA gene for protein — — = DNA gene for protein
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Visao atual da atividade génica

NEW VIEW OF GENE
ACTIVITY IN EUKARYOTES

|
Some of the intronic RNA and even
some of the assembled exonic RNA -

DNAgene

may play a direct regulatory role by
interacting with the DNA, other RNA Exon Intron
molecules or proteins. By modifying

protein production atvarious levels, 1 /
these noncoding RNAs may u
superimpose additional genetic

instructions on a cell. Primarg RNA I
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Papel do RNA ndo codificador
(ncRNA) na expressdo génica

- Desenvolvimento embriondrio
- Diferenciagdo celular
» Estabilidade genomica

- Estabilidade do mRNA
- Altera a estrutura da cromatina



Regulation of Gene Expression in Eukaryotes
May Take Place at Several Different Stages

Nucleus Chromatin
Chromatin

A regulacao da
e expressao géenica
T em eucariotos
e : bode

Mature mRNA

e S * ocorrer em
Varios estagios

Degraded mRNA
(mRNA life span
_ varies)
Translation

mRNA

Polype e
Post-translational olypeptide

modification

(folding,

glycosylation,

transport,

activation, ) ‘ _
degradation Active protein
of protein)




A sintese do mRNA é fiel ao DNA

Growth at 3’ One strand
end of ANA of DNA
being
polymerase f’ transcribed

\J

/
Template MNontemplate
strand strand
TTAGCS Complementary

CG AGC

Locally unwoung segment of double Nel™ DNA strands

MNontemplate strand 5 - CTGCCATTGTCAGACATGTATACCCCGTACGTCTTCCCGAGCGAAAACGATCTGCGCTGC - 3
Template sirand 3' - GACGGTAACAGTCTGTACATATGGGGCATGCAGAAGGGCTCGCTTTTGCTAGACGCGACG - 5°
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Passos do processamento do RNA

Ovalbumin gene, 7700 base pairs

intron Exon
Primary mRNA transcript

Capping and
polyadenylation

Splicing eliminates Poly(A) tail
five intron transcripts

Splicing eliminates
two more intron transcripts

L
1 4 7
Mature ovalburmin A 3 6

messenger RNA i
4—13?2 nudentms_é




Mecanismos do processamento do RNA

|

|

|
nuclear
RNA

S
Splicing enzyme

Processamento por
Auto splicing spliceossomo




Processamento alternativo do RNA

Pre-mANA I e 0 .

RNA splicing

MaturemRNA NN

Figure 6: Alternative RNA splicing.
Production of twao different mENAS from the same gene.

Produz 2 diferentes RNAs a partir do mesmo gene



Processamento diferencial do gene da tropomiosina
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Sequéncias de DNA sdo submetidas ao NCBI

% NCBl Resources ™ Haw Ta &
r
—NCBI All Databases

Mational Certer far
Bictechnalogy Infarmation

NCBI Home Welcome to NCBI
Resource List (A-7)

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

Al Besources and genomic infarmation.

Chermicals & Bioassays Ahout the MCHI | Mission | Organization | Besearch | NCBI Mews
Data & Software
DA, & R A

Get Started

_ ¢ Tools: Analyze data using NCBI software

Genes & Expression ¢ [Downloads: Get MCEI data or software

Cemaine & iladinte ¢ How-To's: Learn how to accomplish specific tasks at NCEI

¢ Submissions: Submit data to GenBank ar other NCEI databases

Dormaing & Structures

Genomes & Maps

Homaology

Literature

Proteins

Genetic Testing Registry =

Sequence Analysis A portal to clinical genetics resources
with detailed information about genetic
tests and |aboratories.

Taxonamy

Training & Tutorials

“Yariation

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



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

NCBI: recurso para pesquisar doengas genética

«~
“Z NCBI

Search | &l Databases (Entrez)

Browse your Genome
Click on the Chromosome to shos

Genes v

12345678
1011121314156

TIB1B22122 X Y

Find A Gene

Search for
frorm | Homo sapiens

The HCBI Handb ook
Ananline guide to the uze of
MCBI rezources. Tiles of
zselected chapters that refer to
human genome resources are
shawen below .

Genomic Biology Homo sapiens

& challenge facing researchers today is that of piecing together and analyzing the plethora of data currently
heing generated through the Human Genome Project and scores of smaller projects. MCBI's Web site serves
an an integrated, one-stop, genomic information infrastructure for biomedical rezearchers from around the
warld za that they may use these data in their research effortz. More. .

Genes and Human Health

F Gene Database
A nevwy database of genes and associated

information is now available for searching in Ertrez.

F BefSeq

Reference zequences of chramosames, genomic
contigs, mRMNAs, and proteins for human and major
madel arganisms.

Reagents

F Full-Length ¢cDHA Clones
The MIH Mammalian Gene Collection (MG provides
zeguence-verified cOMA clone readents for most

F OMIM

A guide to human genes and inherited dizorders
maintained by Johns Hopking University and
collaboratars.

F dbSHP
A database of single nuclectide polymorphizms
[=MPz) and ather nucledtide varistions.

* Molecular Probes
A newy MCBI databaze provides sequences of
malecular probes their biomedical applications, and




o
| <= NCBI

All Databases

Search OMIM

Entrez

OMIM

Search OMIM
Search Gene Map
Help

FAQ

Statistics

Update List

Allied Resources
The Jackson

Laboratory
Human Gene
Nomenclature

Human Genome
Resources

Entrez Gene
Genes and Disease
GeneReviews

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

O~ 2O XY = OMMHome

OMIM Fopkins

Online Mendelian Inheritance in Man . University
PubMed Mucleotide Protein Genome Structure PMC OMIM

|~ | for [ Go J | Clear|

Johns

| Limits | Preview/Index | History | Clipboard | Details |

+ Enter one or more search terms.

» Use Limits to restrict your search by search field, chromosome, and other criteria.
* Use Index to browse terms found in OMIM records.

» Use History to retrieve records from previous searches, or to combine searches.

NCBI is implementing changes to help vou find current content in OMIM based on resources
omim.org. Please be aware that you will leave NCBI to view OMIM records. Access to full re
eutils) will no longer be supported.

| OMIM© - Online Mendelian Inheritance in Man ©

Welcome to OMIM ® , Online Mendelian Inheritance in Man ® . OMIM is a comprehensive, auf
human genes and genetic phenotypes. The full-text, referenced overviews in OMIM contain inf
disorders and over 12,000 genes. OMIM focuses on the relationship between phenotype and ge
entries contain copious links to other genetics resources.

This database was initiated in the early 1960s by Dr. Victor A. McKusick as a catalog of mend:
Mendelian Inheritance in Man (MIM). Twelve book editions of MIM were published between
OMIM, was created in 1985 by a collaboration between the National Library of Medicine and t
at Johns Hopkins. It was made generallv available on the internet starting in 1987. In 1995, ONV



& http://blast.ncbi.nlm.nih.gov/Blast.cgi £ ~ B ¢ X || = BLAST: Basic Local Alignme... % -

BLAST Assembled RefSeq Genomes

Choose a species genome to search, or list all genomic BLAST databases.

o Human o Oryza sativa o Gallus gallus

o Mouse o Bos faurus o Pan troglodytes
o Rat o Danio rerio o Microbes

o Arabidopsis thaliana o Drosophila melanogaster o Apis mellifera

Basic BLAST

Choose a BLAST program to run.

. Search a nucleotide database using a nucleotide query
nucleotide blast
Algorithms: blastn, megablast, discontiguous megablast
protein blast Search prptein database _using a pr_ntein query
Algorithms: blastp, psi-blast, phi-blast, delta-blast
blastx | Search protein database using a translated nucleotide query
tblastn | Search translated nucleotide database using a protein query
tblastx | Search translated nucleotide database using a translated nucleotide query
Specialized BLAST

Thocco 3 toura af crnorializod coarch for dAatabaca namae 1n naranthococ 3



ENCODE: Encyclopedia of DNA Elements

What is ENCODEY Threads: a new approach Guide to the ENCODE explorer

EMCODE, the Encyclopedia of DNA Elements, is a project funded
by the Mational Human Genome Research Institute to identify all
regions of transcription, transcription factor association, chromatin
structure and histone madification in the human genome
sequence. Thanks to the identification of these functional
elerments, B0% of the components of the human genome now have
at least one biochemical function associated with them. This
expansive resource of functional annotations is already providing
news insights into the arganization and requlation of our genes and
genome.

http://www.nature.com/encode/#/threads



http://www.nature.com/encode/
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Exercicios

Porque a sintese de DNA é continua em um filamento e
descontinua no filamento oposto?

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

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

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

Compare a visdo cldssica de "1 gene - 1 enzima" com o atual
conhecimento dos processos de transcrigdo e tradugdo.



