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Sequenciamento por Sanger

Estratégia: gene candidato (exon a exon)

Investigacao de variantes de ponto e pequenas indels em
genes candidatos (doengas com um ou poucos genes
candidatos);

Segregacao de variantes identificadas pelo NGS.



Principio da reacao

Método de ‘terminacao de cadeia’

Proc. Natl. Acad. Sci. USA
Vol. 74, No. 12, pp. 5463-5467, December 1977
Biochemistry

DNA sequencing with chain-terminating inhibitors
(DNA polymerase /nucleotide 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




Método de Sanger
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Etapas da reacao do sequenciamento

Amplificacao das regioes de interesse por PCR;

Purificacao enzimatica do produto de PCR;

Reacao de sequenciamento;

Precipitacao do produto do sequenciamento;

Eletroforese capilar dos fragmentos sequenciados;

Analise do eletroferograma em comparacao a uma sequéncia referéncia.

applied
bIOSyStellls T G & & A GET A C A G T & G C CT
T 6 AARAG 6T ACA G T A GCCT
by Léfe technotogies n
p——— 'H55DBZ-3 g el /\Z\EZ‘\DA/\/\
— T G A A TACAGTAGCCT
H o THEHGTHGEET

AAAAAANMAAAAAMA

|

I
Il §

|

|

Wl



Sequenciamento " 2 %2
automatico

‘r"{ 4 b B e @

ONA PRI W

|
DO OXYNUCLIOTIONS
L I B BN TEMPLATE DNA
\ \.*
TF'F'\-.
ONA o
¥ .
POLYMERASE —__ -
NIV

TEMPLATE DNA

TEMPLATE ONA




Eletroforese capilar
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Eletroferograma
Sequenciamento automatico

) Fragpoot] CCACACCGCCTGTATCATTGATGTCTTTGGTGTCACTCACAGAGAGTCCATCATGAATGTCAATGTGAAAGETACAGTAGCCTGGGGRGGRGRTRJ&AJ&CAHGTTGGT
4] G05_HED3BI-3F _controle CCILCILCI:GCI:TGTILTCATTGATGTCTTTGGTGTCACTCACAGAGAGTCCATCATGAATGTCAATGTGAAAGETACILGTEGCCTGGGGAGGAGATAAAACAAGTTGGT
43 HO5_HSD3p2-3F _4501 CCACACCGCCTGTATCATTGATGTCTTTGGTGTCACTCACAGAGAGTCCATCATGAATGTCAATGTGAAAGTACBGTBGCCTGGGGRGGRGRTRBAHCAJ&GTTGGT
4B coe_HsD3p2z3F s022 |CCACACCGCCTGTATCATTGATGTCTTTGGTGTCACTCACAGAGAGTCCATCATGAATGTCAATGTGARAGRTACAGTAGCCTGGGGAGGAGATAAAACAAGTTGET
AEE| EO¥_HSDRBE-3F_5033 CCACACCGCC TG TATCATTGATGTC TTTGE TG TCAC TCACAGAGAGTC CATCATGAATGTCAATGTGAAAGR TACAGTAGCCTGGGGAGGAGATARRACAAGTTGET

5 fragment bazes at 250 Ize0 1z70 Izan | IEET 1300 | R | | EET I340 I3so
consensus position 332 |0 CACACCGCCTGTATCATTGATGTCTTTGGTGTCACTCACAGAGAGTCCATCATGAATGTCAATGTGAAAGETACAGTAGCCTGGGGAGGAGATARRACALGTTGGET

[n]
=]
ch
I
°1]
=
[l
o
X!
b
'I'I
n
-]
E
-
A
2
m
B
-
1}
Q

ment base#322. Base 281 of 683 =
G T & G

A 4 T G T C A A T G T G A& A A G T A C A C C T G
AATGTCAATIGT GAAAG GT ACA G TAGTLCTECT G

G4 6 4 GENT A C A G

T C & & T G T T & G C C
T CARARTGT GARAAGATACAG THA G CC

e | e o T

i AL sl aatnnal

COE_HEDIBE JF 5022 Fragment base R372. Base 268 of 670
C & G & G & G T C C & T G A & T G T C & A G T G A& A & G T A& C A G T & G C C T G
C A G T CCAHAHT E H T G A T CAA T G T G AARA GHET ACA G TAGCTCTG

N N T

A% HANXAZ-AF ANP3 Franment hase #8327 RAaze 273 af A7



Sequéncia referéncia

BLAST/BLAT | Biohlart | Tools | Downloads | Help & Docurmentation | Blog | Mirrors

Human (G ] ¥ Location: #5856 079-620,146 Gene: SHOX

Gene-based displays

— Gene summary
— Splice variants (4)

Gene: SHOX EnsGo0000185960

- Transcri_pt cnmparisun Description shart stature homeobox [Source:HGMNGC Symbol; Ace: 10853)

B ggﬁﬁzslcneg evidence Location Chromosome »: 535 ,075-620 146 farward strand.

— Ewxternal references This gene is mapped to the following HAP/PARS:

— Regulation e Y 535 079-570,146

— Expression

= Comparative Genomics INSDC coordinates chramasome: GRCh37: CMOO0ESS. 1:585079620146:1
Genomic alignments Transcripts

B Gene tree (image) Thiz gene has 4 transcripts (splice variants)

Gene tree (text)
Gene tree (alignment)
zene gainfoss tree bl £l

— Orthologues (37)

— Faralogues (14)
— Protein families (1)

Transcript ID Length (bs Protein ID Length {aa}) Biotype CCDS
SHOX-202  ENSTO0000351575 a7s7 ENSPO0000370930 292 Protein coding  CCOS14107

L Phenotype SHOX-201 | ENSTOO000334060 1951 ENSPO0000335505 225 Pr ling CCDS14106
B Gentic Variation SHOX.003 | ENSTOO00055497 1 1902 ENSPO0000452016 292 Protein coding CCDS14107
- ariation table SHOX-001 ENSTOO000381575 1351 ENSPO0000370987 225 Pratein coding CCDS14105

— “ariation image
— Structural variation

B External data Gene summary @
L Personal annotation
=D History Name SHOX (HGNC Symbal)
Gene history

Synonyms GCFE, PHOG, SHOXY, 55 [To wiew all Ensembl genes linked to the name clidk here. ]
CCcbs Thiz gene is a member of the Human CCDS set: CCOS14108, CCDS14107
Ensembl version EMZ00000185560.8
Gene type Known protein coding
Prediction Method Annotation for this gene includes both automatic annotation from Ensembl and Havana manual curation, see adicle.
Alternative genes This gene corresponds to the following database identifiers:

Havana gene: OTTHUMGOO0000Z1053 (version 4)




Human Genome Variation Society

Sequence Variant Nomenclature

Contact Us

Discussions regarding HGVS nomenclature are necessary in order to further improve them. What is listed on these pages
represents the current consensus of the recommendations. We invite everybody to send us comments or examples of cases
that are not yet covered, with a suggestion of how to describe these (2% E-mail: VarNomen @ HGYS.org).

Follow us on Facebook http //Val’nomen 5 thS 5 Org/

Current Recommendations

General RNA
Protein Uncertain Checklist

Open Issues

Background Material

Basics Reference Sequences Standards

Numbering Community Consultation HGVS Simple

Educational Material Glossary

https://varnomen.hgvs.org/



Significado clinico das variantes identificadas

Genetics
inMedicine

o o coltege o s ceneic s somis. ACIVIG STANDARDS AND GUIDELINES

Standards and guidelines for the interpretation of sequence
variants: a joint consensus recommendation of the American
College of Medical Genetics and Genomics and the
Association for Molecular Pathology
Sue Richards, PhD', Nazneen Aziz, PhD*'S, Sherri Bale, PhD?, David Bick, MD* Soma Das, PhD%,
Julie Gastier-Foster, PhD®"2, Wayne W. Grody, MD, PhD*"*"" Madhuri Hegde, PhD'?,

Elaine Lyon, PhD", Elaine Spector, PhD", Karl Voelkerding, MD™ and Heidi L. Rehm, PhD';
on behalf of the ACMG Laboratory Quality Assurance Committee

Published in final edited form as:
Genet Med. 2015 May : 17(5): 405-424. do1:10.1038/gim.2015.30.




Classificacao das variantes alélicas de
acordo com a patogenicidade

G/idéncias: \

e caracteristicas da variante

~

dados populacionais /C

estudos in silico

lassificacao sugerida:

« patogénica

dados de segregacao
estudos funcionais /

provavelmente patogénica

g

de significado incerto (VUS)

provavelmente benigna

benigna /

Richards et al. Genet Med. 2015; 17(5):405-424
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Caracteristicas da variante

* Localizacao da variante

I > Exon Exon Exon Exon Exon
Ir;tron Intron Immr; i Intron .
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e Estado da variante: Heterozigose x Homozigose

* Tipo de variante

e Variantes sindnimas;
* Variantes missense;

* Loss of function variants (stopgain, stoploss, frameshift,
splice site).

National Human Genome Research Institute


http://upload.wikimedia.org/wikipedia/commons/1/12/DNA_exons_introns.gif
http://images.google.com.br/imgres?imgurl=http://www.sciencedaily.com/images/2006/04/060423190159.jpg&imgrefurl=http://maldeparkinson.blogspot.com/2006_04_01_archive.html&usg=__3K3fgO0vSJLWWnefX2CAW3F0fAA=&h=300&w=300&sz=34&hl=pt-BR&start=50&um=1&itbs=1&tbnid=q_vsOVpYvqCiOM:&tbnh=116&tbnw=116&prev=/images?q=estrutura+proteina&start=36&um=1&hl=pt-BR&sa=N&rlz=1T4DABR_pt-BRBR261BR261&ndsp=18&tbs=isch:1

Outros dados importantes

Presenca da variante em bancos populacionais
ExAC, 1000 Genomes, gnomAD, AbraOM

Presenca da variante em bancos de doenca
ClinVar, OMIM, Human Gene Mutation Database, DECIPHER

Segregacao da variante com o fenotipo na familia do paciente

Patogenicidade prevista pelos programas de predicao in silico

Polyphen, Mutation Taster, Mutation Acessor, PROVEAN, FATHMM, SIFT,
CADD, etc

Presenca ou possibilidade de se fazer um estudo funcional

Ensaios in vitro ou in vivo

Richards et al. Genet Med. 2015; 17(5):405-424



Resumo

- estratégia de sequenciamento;
- localizacao da variante;
- tipo de variante;
- estado da variante (homozigose, heterozigose);
- investigacao de individuos controles/ bancos de dados;
- segregacao na familia;
- softwares de predicao;
- estudos funcionais;

- limitagao das técnicas.
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