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Transgenic analysis

Foreign

DNA Fertilized egg
J' Pronucleus
Q Pronucleus

Foreign DNA injected  Injected eggs surgically ~ Mice are bor

into male pronucleus — implanted into uterus — with foreign

of newly fertilized egg.  of "foster" mother and DNA in every
allowed to develop. cell nucleus.
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Abordagens integrativas para se
estudar doencas complexas




DOENCAS COMPLEXAS

Alzheimer’
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Relative

j Offspring, both parents affected

e i e

Uncles, aunts, nephews, nieces
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DOENCAS COMPLEXAS
Estudo de Adocao

Estudo com pessoas adotadas

Procurar pessoas adotadas com DOENCAS COMPLEXASs e investigar
se 0s pais biologicos ou os adotivos apresentam a mesma doenca

Procurar pais adotivos com DOENCAS COMPLEXASs e investigar se 0s
filhos adotivos apresentam a mesma doenca.



Index cases (47 chronic schnzophremc adoptees)

Control adop es (matched for age, sex, social status of adoptive
famlly, and number of years in institutional care before adoptlon)

~ Schizophrenia cases among'

biological relatives

44/279 (15.8%)

5/234 (2.1%)

2/111 (1.8%)

2/117 (1.7%)







DOENCAS COMPLEXAS

Identificacao da regiao do genoma

Analise de Ligacao

Procura encontrar segmentos dos

cromossomos que sao compartilhados por
membros afetados nas familias
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DOENCAS COMPLEXAS

Identificacao da regiao do genoma

Analise de Ligacao
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AB CD

. o

AC 1/2
AD 1/2




DOENCAS COMPLEXAS

Identificacao da regiao do genoma

Recessividade

Analise de Ligacao

AB

O

CD
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DOENCAS COMPLEXAS

Identificacao da regiao do genoma

Analise de Ligacao

Condi¢c3o complexa @

A B CD
AC AC >1/4
A D
B C >1/2

BD <1/4



TABLE 11.7 Cdlasses of DNA Polymorphisms

Number of  Number of Loci Method of
Class Size of Locus Alleles in Population Use Detection

Single base pair | 2 100 million Linkage PCR followed by
mapping ASO hybridization
or primer extension

Microsatellite Linkage PCR and gel
mapping electrophoresis

Multilocus DNA Southern blot and
Minisatellite fingerprinting | hybridization

Small Changes Linkage PCR and gel

in DNA Content mapping electrophoresis
(deletions and
duplications)




Single nucleotide polymorphism (SNP)

* Single base-pair substitutions

* Arise by mutagenic chemicals or mistakes in
replication

* Biallelic — only two alleles

e Ratio of alleles ranges from 1:100 to 50:50.

e 2001 —over 5 million human SNPs identified

* Most occur at anonymous loci.

* Mutation rate of 1 X 10~ per locus per generation
Very few are thus new mutation in the species.
Useful as DNA markers
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Sickle-cell allele (S)
(b)

Pro Glu Glu (translated sequence)

CCTGAGG
GGACTCC Bl

Right primer

Mstll restriction site

300 400 500 bp

Pro Val Glu

CCTGTGGAG
GGACACCTC

No restriction site

500 bp (S allele)

300bp | (4 aliele)
200 bp




(@) 1.21-base probe/target hybrid with no mismatches

Probe Raise

onsNNNNNNNNNNNNNNNNNRRE. .. ‘°""’°"'“‘“’° oo NNNNNRNNNNNNNNNNNNNE. ..

Completely complementary
target strand

2. 21-base probe/target hybrid with middle mismatch

Raise ST
temperature
|:|'> 00 0000 0 00 0 L O R R i
Mismatch at base 11

(b) 1. 50-base probe/target hybrid with no mismatches

Probe R
———————————1 temperature

IR T TNV RAVENY NI, |:{> w I T TN VRNV .
Target strand

2. 100-base probe/target hybrid with one mismatch

Raise

Mismatch temperature




DOENCAS COMPLEXAS

Identificacao da regiao do genoma

Analise de Ligacao

Problemas: regides muito grandes, pouco
recombinantes.
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a typical chromosome in an
ancestor 20 generations ago

100 Mb

1 or 2 random crossovers in each
chromosome arm in each meiosis

the same chromosome in four present-day descendants







locus 1 locus 2

HapMap

select SNPs to
tag haplotypes

|

‘genotyping
300,000-500,000 SNPs
typed on high-density arrays

case-control study

compare SNP allele frequencies
in disease cases and controls

‘genome scan result
significant differences in SNP

allele frequencies indicate
possible new disease genes chromosome

andici i

- genotype associated SNPs in an
replication test independent case-control sample

confirm scan findings




Associacoes genomica em larga escala publicadas
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Abordagens integrativas

* ApOs uma regiao cromossomica ser identificada, os
genes dentro da regiao devem ser investigados

* Genes candidatos
— Usualmente existem 10 genes por fragmentos de 1kb

— |dentificar regides codificantes

e Analises computacionais para identificar regidoes conservadas
entre espécies

* Analises computacionais para identificar sequéncia que se
parecem com exons, (ORFs, sitios de splice, uso de determinado
de codons)

* Aparecimento de um ou mais clones de ESTs



ACGTTACTGACACTGGTAC

Homology to mouse sequence  +++++++

Good open reading frame cceee

Present in an EST clone eeeeee

Evidence for a gene

Human genomic sequence

ettt
cCCCC ccC

eeee

e+t




Padroes de expressao génica podem apontar
para genes candidatos

e Sequencias publicas de banco de dados de EST
especificos de certos tecidos

Northern blot

— Transcritos de RNA de celulas de um tecido em
particular (e.g. com doenca) separados por
eletroforese e a sonda do gene candidato

Gene A Gene B Gene C Gene D
(SRY)
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Tissue 1 Tissue 2 Tissue 3 Tissue 4 4. Wash away unhybridized probe. Make autoradiograph.
(ovary) (testes) (Iung) (blood)

Punfy RNA

""

Ovary RNA Testes RNA Lung RNA Blood RNA

1 v2 3/ 4

2. Load RNA samples == ==
in wells of a gel.

e Other 3 genes (A,B,(
3. Separate BNA samples.by gel electrophore_sis. ) exp ressed in testeS.

Blot onto filter. Expose filter to labeled hybridization probe.

(4): Reprinted with permission from Nature 1990 Jul 19; 346(6281):216-7, Sinclair et al. © 1990 Macmillian Magazines Limited




* Procurar os genes responsaveis pelo fenotipo.
— Padrdes de expressao

* Ensaio de expressao de RNA por Northern blot ou amplificacao de
PCR de cDNA com primers especificos do gene candidato

* Procurar por “misexpression” (no expression, underexpression,
overexpression).

— Diferencas nas sequéncias

* |dentificar mutacdes sem sentido ao sequienciar gene candidato
em individuos afetados e nao afetados

— Modificacoes transgénicas do fenotipo

* Inserir gene mutante em organismos modelos.
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Transgenic analysis

Fertilized egg

" Pronucleus
Q Pronucleus

Foreign DNA injected  Injected eggs surgically ~ Mice are born

into male pronucleus — implanted into uterus — with foreign

of newly fertilized egg.  of "foster" mother and DNA in every
allowed to develop. cell nucleus.




Multiple regions within 8q24 independently affect risk

Identification of a new prostate
cancer susceptibility locus on
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* controlling for
mon genotypes
»ptibility to cancer
incer risk variants
iequence of an

We report a genome-wide association study in 10,286 cases and
9,135 controls of European ancestry in the Cancer Genetic Markers
of Susceptibility (CGEMS) initiative. We identify a new assodation
with prostate cancer risk on chromosome 8¢24 (rs620861,

© 2009 Nature America, Inc. A“ r

in 465 European American cases and 446 Furopean American controls.

Analysis of these data identified a cluster of genetic variants that we
denote ‘region 2’ in a span of linkage disequilibrium from 128.14-
128.28 Mb. These variants are hundreds of kilobases away from the
region 1 described in ref. 2, and the strongest single-SNP association is
signifiaant at P = 6.5 x 1077 (Fig. 1b and Supplementary Table 2

ANt SIgNal 1S /U KD CENromeric 1o the previously 4sS0QAIoN Was observed In AITICaN AMErIcans’, whie the otner
{P, rs1447295, but shows little evidence of linkage study reported a stronger association with aggressive prodate ancer”.
um with it A combined analysis with four A third larger study, nested in seven USA and European cohorts and
tudies (total: 4,296 cases and 4,299 controls) including more than 7,000 prostate cancer cases and 8,000 matched
sociation with prostate cancer for rs6983267 in controls, reported an association between rs1447295 and increased
neric locus (P = 9.42 x 10°'3; heterozygote odds risk for prostate cancer in Caucasian men, regardless of age at
1.26, 95% confidence interval (c.i.): 1.13-1.41; diagnosis (P = 400 x 10795,

e OR: 1.58, 95% c.i.: 1.40-1.78). Each SNP We conducted a genome-wide association study (GWAS) of 550,000
ignificant in a joint analysis after adjusting for SNPs in 1,172 affected individuals (484 with nonaggressive prostate

P=1.3 x 10-'°, heterozygote OR = 1.17, 95% Cl 1.10-1.24;

51447295 P = 1.41 x 107" rs6983267 P = 6.62 x  cancer, Gleason <7 and stage A/B; 688 aggrmve prostalc cancer,

homozygote OR =1.33, 95% CI 1.21-1.45). This defines a new
locus associated with prostate cancer susceptibility on 8q24.
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Original markers — M1
to obtain rough
position

Extent of map position of I ]

disease locus found to be Extent of genomic

linked to M1 and M2 coverage associated
with each marker

Two closest
H++H+—++—+H—+—+HHHHA
markers that

New markers used for higher- delineate disease
resolution linkage analysis locus
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Identify candidate genes

|

Compare candidate genes
from two groups of people

—|:—I:I—EFI— Normal individuals

—5—57‘63— Individuals with
Difference correlates mutant phenotype

with phenotype



(A) SNPs SNP SNP

\ \

AACACGCCA. . .. : e ~AKGTCAARECE . .. .

AACACGCCA.... ....AGTCAACCG....
AACATGCCA. .AGTCAACCG. ...

AACACGCCA. .AGTCGACCG. . ..

(B) haplotypes l ~£

haplotype 1 ACGGTTOAGGCA
haplotype 2 CAACAGTAATA
haplotype 3 TGATACTGGTG
haplotype 4 CGGTTCAGACA
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(C) tag-SNPs
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Positional Cloning — Step 1

Find extended families in which disease is
segregating.

Use panel of polymorphic markers spaced at
10 cM intervals across all chromosomes.

— 300 markers total

Determine genotype for all individuals in
families for each DNA marker.

Look for linkage between a marker and
disease phenotype.






Wash off unhybridized probe and expose to film
Allele 1 Allele 2

for alleles 1 and 2. for allele 2.




