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Recognition that DNA is the
hereditary material

1966 Genetic code cracked

1972  Recombinant DNA technology
developed

1975-77 DNA sequencing technology
developed




James Watson -nacido en Chicago,
lllinois, el 6 de abril de 1928, poseedor
de un doctorado en Zoologia-, y
Francis Crick - doctor en fisica, de
nacionalidad britanica, nacido en
MNorthampton, Inglaterra en 1916 —
trabajando juntos en un laboratorio de la
Universidad de Cambridge, Inglaterra,
eh 1951, descubrieron la estructura
secundaria del ADN. Por ello recibieron
el premio Nobel de medicina en 1962.










« SI DESPLEGAMOS TODO EL DNA
CONTENIDO EN LOS 46
CROMOSOMAS EL DNA MEDIRIA 2

METROS DE LONGITUD.




Arthur Kornberg, Premio Nobel de Medicina 1959
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* Each gene codes for a protein

 DNA sense strand acts as template
and Is ‘transcribed’ Into messenger

RNA (mirror image of the DNA but
Uracil instead of Thymine)




DILUCIDACION DEL CODIGO
GENETICO




DNA Genetic Code Dictates Amino Acid
Identity and Order

DNA
Sequence
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Marshall Nirenberg. Premio Nobel de Medicina 1968







EL DNA TIENE
INTRONES Y EXONES




Gene Structure

Introns
[ —

Promoter

Exons
TAA

ATG TAG ‘stop’
start TGA

Exon = coding sequence
Intron= intervening
seqguence (non-coding)




SPLICING
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SPLICING ALTERNATIVO




J. Darnell. Splicing alterantivo
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Spliceosome

Spliceosoma de HelLa + pre-mRNA de beta globina
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1940s  Recognition that DNA is the
nereditary material

1953 Double-helix structure described

1972  Recombinant DNA technology
developed

1975-77 DNA sequencing technology
developed
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1940s  Recognition that DNA is the
nereditary material

1953 Double-helix structure described
1966 Genetic code cracked

1975-77 DNA sequencing technology
developed
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separated complementary DNA strands
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PLASMIDOS




Bacterial DNA Plasmids
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Figure 7-1
Lodish et al. MOLECULAR CELL BIOLOGY, Fourth Edition
Copyright © by W. H. Freeman and Company
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(a) Sequence of polylinker
Sacl Smal Xbal Pstl Hindll
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- e Lodish et al. MOLECULAR CELL BIOLOGY, Fourth Edition
Recombinant plasmid Copyright © by W. H. Freeman and Company
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1940s  Recognition that DNA is the
nereditary material

1953 Double-helix structure described

1966 Genetic code cracked

1972  Recombinant DNA technology
developed




Frederick Sanger, Nobel Prize 1958 y 1980
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First human disease gene mapped
(Huntington’s disease). Gene
finally 1solated in 1993

Human Genome Project launched
Human Physical map completed
Sequencing begins

Full-scale sequencing begins
‘“Working draft’ produced







Meeting en Alta, Utah, 1984




Identify all the genes in human DNA,

determine the sequences of the 3 billion chemical
base pairs that make up human DNA

store this information in databases,

Improve tools for data analysis,
transfer related technologies to the private sector, and

address the ethical, legal, and social issues (ELSI)
that may arise from the project.




Why?

svirtually all disease states arise
through complex interplay between
genes & environment

salmost all progress to date Is on

single-gene disorders
eCancers, heart disease, hypertension
etc, all have genetic component,
—many genes involved
—hard to get at by traditional techniques




Cinco instancias de analisis del GH y sus productos:

GENOMA HUMANO: analisis de la secuencia completa

TRANSCRIPTOMA HUMANO: analisis de las secuencias
transcriptas en mRNA (genes)

PROTEOMA HUMANO: analisis de las proteinas presentes en
las células humanas

GLICOMA HUMANO: analisis de las glicoproteinas presentes
en las células humanas

LIPIDOMA HUMANO: analisis de los lipidos presentes en las
células humanas




Tabla 1. Tamano comparativo de los genomas de diversas especies

Especie Genoma Haploide Genes
(pares de Bases, bp) (n)

Homo sapiens 3.000.000.000. 30.000 - 35.000
Mus musculus 3.000.000.000. 30.000-35.000
Rattus norvegicus 3.000.000.000. 30.000-35.000

Drosophila 165.000.000. 15.000- 25.000
(mosca de la fruta)

C. elegans 100.000.000. 19.000
Levaduray hongos 14.000.000. 8.355 - 8,947
E. Col 4,670.000. 3.237
H.Influenzae 1.800.000.

M. Genitalium 580.000.
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Francis Collins, a physician, is
director of the National Human
Genome Research Institute.

His research laboratory was
responsible for identifying the
genes responsible for

. and




Venter founded the nonprofit Institute
for Genomic Research in 1992.
Before that he was section chief

and a laboratory chief at the
National Institutes of Neurological
Disorders and the National
Institutes of Health. Celera
Genomics Is part of the PE
Corporation.




" CELERA

an Applera Corporaltion Business




To read the DNA, the chromosomes
are cut into tiny pieces, each of
which Is read individually.

When all the segments have been
read they are assembled In the
correct order. Link these fragments
to self-replicating forms of DNA =
vectors.




Two approaches have been used
to sequence the genome.

They differ in the methods they use
to cut up the DNA, assemble it In
the correct order, and they
map the chromosomes before
decoding the sequence.




The BAC-to-BAC method:
e the first to be employed in human

genome studies
e slow but sure

e also called the “map based
method”




First create a rough physical
map of the whole genome

before sequencing the DNA

e requires cutting the chromosomes
Into large pieces and then figuring
out the order of these big chunks of
DNA before taking a closer look and
sequencing all the fragments.




ll. Several copies of the genome
are randomly cut into pieces

that are about 150,000 base
pairs (bp) long.







Each of these 150,000 bp fragment

IS Inserted into a BAC
¢ A BAC is a man made piece of DNA that can

replicate inside a bacterial cell.

¢ The collection of BACs containing the
entire human genome is called







These pieces are fingerprinted to give
each piece a unigue identification tag
that determines the order of the
fragments.

Cutting each BAC fragment with a single
enzyme and finding common
sequence landmarks in overlapping
fragments that determine the location
of each BAC along the chromosome.




Then overlapping BACs with
markers every 100,000 bp

form a map of each
chromosome
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Each BAC Is then broken
randomly into 1,500 bp

pieces and placed in another
artificial piece of DNA called
M13. This collection is known
as an M13 library.
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* 163 Mb :

FIGURE 1.3 e Relationships of chromosomes to genome sequencing markers. The

X chromosome is about 163 Mb in length. In this diagram, there are 16 overlapping BAC clones
that span the entire length. In reality, 1,408 BACs were needed to span the X chromosome.
Arrows (top) mark STSs scattered throughout the chromosome and on overlapping BACs.,
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All the M13 libraries are
seguenced.

500 bp from one end of the
fragment are sequenced
generating millions of
seqguences




These sequences are fed Into
a computer program called

PHRAP that looks for
common sequences that join
two fragments together.




M13]

CAAATA
ATACGG

GATGGGG GTCATGAT

CAAATAACGG TCATGATGGGG

Chromosome 3




The shotgun sequencing
method goes straight to the

job of decoding, bypassing
the need for a physical map.




Multiple coples of the genome
are randomly shredded into
pieces that are 10,000 bp long

by squeezing the DNA through
a pressurized syringe. This Is
done a second time to
generate pieces that are 2,000

bp long.







Each 2,000 and 10,000 bp
fragment Is Inserted into a

plasmid, which is a piece of DNA
that can replicate in bacteria.

The two collections of plasmids
containing 2,000 and 10,000 bp
chunks of human DNA are known as
plasmid libraries.




« Whole Genome Shotgun Method
brings speed into the picture,
enabling researchers to do the job

IN months to a year.

* Developed by Celera president
Craig Venter in 1996 when he was
at the Institute for Genomic
Research.







Both plasmid libraries are sequenced.

500 bp from each end of each
fragment are decoded generating
millions of sequences.
Seqguencing both ends of each
Insert Is critical for assembling the
entire chromosome.
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Computer algorithms
assemble the millions of

seguenced fragments into a
continuous stretch resembling
each chromosome.
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* Fewer scientists are involved In generating

data and more are involved In data analysis
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'accaagateac tagaaccagggeagggagagagggeaggagageagageagaaaaggage te tagaageagggeaag. . .
__ ="tcacagctcccgetggacaacgtt tocac tgaagggacanggacaa tggageag tgaagg tgacccage tgaggact . . .
®ccace tgeaacagac tecageacagegaacatgeagat tetggaaggttetecaggtetttat ttgeteteteanatte. . .
Cagtagggaagtaagaagttgeage teagtgeacataaagt tgagacagagatggagacatecagececacctetet. ..

ccace tee teacat tatge taacagggacgeagacacat teaggtgec t ttgeagaaagagatgecagaggete ttg. .
mm ,0tgaacaaattctggttagteatggtaagtgatgacagtc tacacageccaccacacacgegaaacatceccaateaa. .

w— tcaccttttcaagctgtgagagucacatcagagccctgggcactgtcgctgcctggagtagaucaoaaacaggacct..:
—__— 9cagectgagagtagetecctecttttccacctgtgagaagacaat ttecctgtgaggggac tgggaggaageagag. . .

==';;.gaaacacgoggooagcaagtgtgggtcctggaccoactgccctcctoaggtctgtccttagcagggaccttcccctg...

— ttctagege tgateccattttectecte ttetegtgggagoecatecceggegace tataggagatggggaagge tee. .
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tggggact t tagaac tgggacceccggegacac tgattgge t tetetagacaccecgacacccaa tgggag tgggoaat. . .

:;; aactgtgegec tececcaatgeagacaagge te teggagec tgagacee tgagacegegeceggggec ttggacg tte. . .
_ — gggagagacccecagtggegeccaccegetteceetteacttetectectggaatecetgtecctgaactggactee. . .

—" = laaagagtaagtge tggeacacagggteccagge tgegt tagecee tgtgtggatge tget teccagtaatgaggeag. .
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SF 'tggtctggtctccacaagctcogtgtcetgagtttggtcctcgccatcccgctgccaggtcagtgtgatctccgcag...
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- — tcattggaaagttcgagtctetgageggggaacagggacttetgetectgatetgagtogaggtacagtgacteaga. ..
= T ctgecaggagtcaaagagaaceectgateagtattetagggactgtetteccetecatttec teagagacgteatece. . .



Finding genes In genome

sequence IS not easy

e About 1.3 % of human genome encodes
functional protein.

e 28 % of human genome is transcribed into
RNA

e 50 % of human genome are repetitive
sequences










<— Telomere (tandem repeats of TTAGGG minisatellite). Length = several kb

/< + Alphoid satellite
i <— [ satellite
} sateliites 2 and 3

plus satellite 1

- Centromere (various satellite DNA components). Length = several Mb
and other repeats

See (B) for examples

e

Preferentially Microsatellites (widely dispersed over chromosomes) < Psatellite

indark G — } rDNAI
bands < [isatellite
] ) <— Satellites 2 and 3

» Alphoid satellite

<— Hypervariable minisatellite DNA (preferentially in regions close to telomeres)
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CYP C4B CYP C4A
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Exon 26 - Exon 27
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“Tenemos una enorme cantidad de
Informacion, pero nos falta

conocimiento”

Sidney Brenner







 ldentify all of the proteins in an organism

— Potentially many more than genes due to
alternative splicing and post-translational

modifications

e Quantitate in different cell types and In
response to metabolic/environmental
factors

e Protein-protein interactions




* |_a Medicina Molecular deberia
ser una especialidad medica.




W fimshed the genomic map, now we can't fgure out how [o fold if.”




