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POR QUE ESTUDAR MUTAÇÃO? 

n  Processo absolutamente fundamental na biologia 

n  Fonte de variabilidade genética e em organismos mais 
complexos responsável por doenças genéticas 

n  Em humanos é responsável pelas variação entre 
indivíduos (variação polimórfica) 

n  O sequenciamento do genoma humano mostrou-nos o 
pouco que conhecemos sobre da diversidade genética 
entre indivíduos, entre populações e entre espécies 

n  A nível populacional é essencial para interpretar padrões 
de prevalência/incidência observada para doenças 
genéticas 
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DEFINIÇÕES 

q  Uma alteração na sequência genômica que provoca alteração fenotípica 
da sequência “normal” ou “selvagem".  

O que é Mutação?  

q  A existência de múltiplas formas de um gene. Em genética de 
populações, esse termo refere-se quando o alelo mais comum tem uma 
frequência < 99% em um locus na população.  

O que é o polimorfismo?  



DEFINIÇÕES 

q  Uma mutação que não produz uma alteração fenotípica.  

O que é Variante?  

ACMG - 2015 

q  Em 2015, a ACMG (American College Medical Genetics and Genomics) 
recomendou o uso do termo variante ao invez de mutação ou 
polimorfismo.  

conceito adotado até 2015 



A PARTIR DE 2015:  
CLASSIFICAÇÃO DAS VARIANTES 

Guidelines ACMG 2015
• O termo variante deve ser utilizado ao invés de mutação ou 

polimorfismo
• Variantes devem ser classificada em:
- Patogênica
- Provavelmente patogênica (>90% de ser causal) 
– Variante de Significado Incerto
– Provavelmente benigna  (>90% de ser benigna) 
– Benigna
• Critérios para definição em categorias de evidências:

Muito forte      Forte Moderada Suporte

Stand Alone

Patogenicidade

Benignidade

Richards et al. Genet Med. 2015;17:405-24









COMO CLASSIFICAR AS MUTAÇÕES? 

As mutações podem ser 
classificadas com base na 

mudança estrutural que ocorre 
no gene 



MUTAÇÕES HEREDITÁRIAS:  
qual seu papel? 
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CLASSIFICAÇÃO ESTRUTURAL DAS 
MUTAÇÕES 
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PATOGÊNCIAS 



Regiões gênicas sujeitas a substituições de nucleotídeos 
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than generalized tools due to their ability to incorporate
more speciWc models and reduce noise through prior
knowledge (Radivojac et al. 2008; Torkamani and Schork
2008). Integration of other datasets, such as genome-wide
expression and copy number analysis will also be crucial in
providing the best candidates for focused analysis (TCGA
2008).

Many of the issues resulting from small sample size or a
candidate gene approach that were present in early studies
will be mitigated through the decreasing cost of sequenc-
ing. However, the rapidly approaching dream of inexpen-
sive complete genome sequencing will also bring about a
new set of analysis challenges. Current cancer genome
sequencing projects are able to constrain their analysis by
focusing on protein-coding regions and non-synonymous-
coding mutations since that is the majority of generated
data. Next generation sequencing eVorts will likely include
the copious amounts of non-coding genomic sequence pres-
ent in the human genome which have not yet been exam-
ined by most existing sequencing eVorts. The results from
GWAS and small-scale experiments have already demon-
strated that non-coding mutations can have a signiWcant
impact on cellular function, but novel analysis methods are
needed to leverage this new data.

The exponentially increasing ability to sequence has
enabled experiments that were previously prohibitively
expensive. This new technology leads to an exciting time in
the Weld of cancer mutation research, but puts the burden on
the computational tools to provide the greatest value from

the generated data. Next generation tools will have to be
both accurate and fast to process the large amounts of
incoming data, and it will require multilateral eVorts to
fully mine each dataset.
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MUTAÇÕES DE PONTO 

²  1. Transição: 

²  2. Transversão 

²  4. Mutação de sentido trocado, ou missense ou não sinônima 

²  3. Silenciosa ou sinônima:  

Uma purina é substituída por outra purina (A-G) 
ou uma pirimidina por outra piriminida (T-C) 

Uma purina é substituída por uma pirimidina ou 
vice-versa 

Não altera o aminoácido que é incorporado na proteína por 
conta do código genético degenerado 

Alteração de base que se traduz em uma alteração de 
aminoácido 



MUTAÇÕES DE PONTO 

²  5. Mutação neutra: 

²  7. Mutação regulatória: 

²  8. Mutação de alteração de quadro de leitura ou frameshift:  

Uma mutação de base que resulta em uma mudança de um 
aminoácido hidrofílico pequeno por outro em uma região 
inativa da proteína e é improvável que tenha impacto. 

Mutação na região promotora do gene 

Uma mutação de base que altera o quadro de leitura e será 
alterado para o restante do gene 

²  6. Mutação sem sentido ou nonsense: 

Uma mutação de base que resulta em códon de parada: UAA, 
UAG ou UGA 



TRANSIÇÃO OU TRANSVERSÃO 
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Como classificar o seguinte tipo de mutação ou variante? 
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A single base change can create a devastating genetic disorder or a beneficial adaptation, or it might have no effect. How
do mutations happen, and how do they influence the future of a species?

Although the haploid human genome consists of 3 billion nucleotides, changes in even a single base pair can result in dramatic physiological malfunctions.

For example, sickle-cell anemia is a disease caused by the smallest of genetic changes. Here, the alteration of a single nucleotide in the gene for the beta

chain of the hemoglobin protein (the oxygen-carrying protein that makes blood red) is all it takes to turn a normal hemoglobin gene into a sickle-cell

hemoglobin gene. This single nucleotide change alters only one amino acid in the protein chain, but the results are devastating.

Beta hemoglobin (beta globin) is a single chain of 147 amino acids. As previously mentioned, in sickle-cell anemia, the gene for beta globin is mutated.

The resulting protein still consists of 147 amino acids, but because of the single-base mutation, the sixth amino acid in the chain is valine, rather than

glutamic acid. This substitution is depicted in Table 1.

Table 1: Single-Base Mutation Associated with Sickle-Cell Anemia

Sequence for Wild-Type Hemoglobin

ATG GTG CAC CTG ACT CCT GAG GAG AAG TCT GCC GTT ACT

Start Val His Leu Thr Pro Glu Glu Lys Ser Ala Val Thr

Sequence for Mutant (Sickle-Cell) Hemoglobin

ATG GTG CAC CTG ACT CCT GTG GAG AAG TCT GCC GTT ACT

Start Val His Leu Thr Pro Val Glu Lys Ser Ala Val Thr

Molecules of sickle-cell hemoglobin stick to one another, forming rigid rods. These rods cause a person's red blood cells to take on a deformed, sickle-like

shape, thus giving the disease its name. The rigid, misshapen blood cells do not carry oxygen well, and they also tend to clog capillaries, causing an

affected person's blood supply to be cut off to various tissues, including the brain and the heart. Therefore, when an afflicted individual exerts himself or

herself even slightly, he or she often experiences terrible pain, and he or she might even undergo heart attack or stroke—all because of a single nucleotide

mutation (Figure 1).

Citation: Clancy, S. (2008) Genetic mutation. Nature Education 1(1):187

Genetic Mutation | Learn Science at Scitable http://www.nature.com/scitable/topicpage/genetic-mutation-441

1 de 8 26/03/17 14:33

 

 |  Lead Editor:  Bob MossNUCLEIC ACID STRUCTURE AND FUNCTION

By: Suzanne Clancy, Ph.D. © 2008 Nature Education 
Genetic Mutation

Aa Aa Aa

A single base change can create a devastating genetic disorder or a beneficial adaptation, or it might have no effect. How
do mutations happen, and how do they influence the future of a species?

Although the haploid human genome consists of 3 billion nucleotides, changes in even a single base pair can result in dramatic physiological malfunctions.

For example, sickle-cell anemia is a disease caused by the smallest of genetic changes. Here, the alteration of a single nucleotide in the gene for the beta

chain of the hemoglobin protein (the oxygen-carrying protein that makes blood red) is all it takes to turn a normal hemoglobin gene into a sickle-cell

hemoglobin gene. This single nucleotide change alters only one amino acid in the protein chain, but the results are devastating.

Beta hemoglobin (beta globin) is a single chain of 147 amino acids. As previously mentioned, in sickle-cell anemia, the gene for beta globin is mutated.

The resulting protein still consists of 147 amino acids, but because of the single-base mutation, the sixth amino acid in the chain is valine, rather than

glutamic acid. This substitution is depicted in Table 1.

Table 1: Single-Base Mutation Associated with Sickle-Cell Anemia

Sequence for Wild-Type Hemoglobin

ATG GTG CAC CTG ACT CCT GAG GAG AAG TCT GCC GTT ACT

Start Val His Leu Thr Pro Glu Glu Lys Ser Ala Val Thr

Sequence for Mutant (Sickle-Cell) Hemoglobin

ATG GTG CAC CTG ACT CCT GTG GAG AAG TCT GCC GTT ACT

Start Val His Leu Thr Pro Val Glu Lys Ser Ala Val Thr

Molecules of sickle-cell hemoglobin stick to one another, forming rigid rods. These rods cause a person's red blood cells to take on a deformed, sickle-like

shape, thus giving the disease its name. The rigid, misshapen blood cells do not carry oxygen well, and they also tend to clog capillaries, causing an

affected person's blood supply to be cut off to various tissues, including the brain and the heart. Therefore, when an afflicted individual exerts himself or

herself even slightly, he or she often experiences terrible pain, and he or she might even undergo heart attack or stroke—all because of a single nucleotide

mutation (Figure 1).

Citation: Clancy, S. (2008) Genetic mutation. Nature Education 1(1):187

Genetic Mutation | Learn Science at Scitable http://www.nature.com/scitable/topicpage/genetic-mutation-441

1 de 8 26/03/17 14:33

GAA 

 

 |  Lead Editor:  Bob MossNUCLEIC ACID STRUCTURE AND FUNCTION

By: Suzanne Clancy, Ph.D. © 2008 Nature Education 
Genetic Mutation

Aa Aa Aa

A single base change can create a devastating genetic disorder or a beneficial adaptation, or it might have no effect. How
do mutations happen, and how do they influence the future of a species?

Although the haploid human genome consists of 3 billion nucleotides, changes in even a single base pair can result in dramatic physiological malfunctions.

For example, sickle-cell anemia is a disease caused by the smallest of genetic changes. Here, the alteration of a single nucleotide in the gene for the beta

chain of the hemoglobin protein (the oxygen-carrying protein that makes blood red) is all it takes to turn a normal hemoglobin gene into a sickle-cell

hemoglobin gene. This single nucleotide change alters only one amino acid in the protein chain, but the results are devastating.

Beta hemoglobin (beta globin) is a single chain of 147 amino acids. As previously mentioned, in sickle-cell anemia, the gene for beta globin is mutated.

The resulting protein still consists of 147 amino acids, but because of the single-base mutation, the sixth amino acid in the chain is valine, rather than

glutamic acid. This substitution is depicted in Table 1.

Table 1: Single-Base Mutation Associated with Sickle-Cell Anemia

Sequence for Wild-Type Hemoglobin

ATG GTG CAC CTG ACT CCT GAG GAG AAG TCT GCC GTT ACT

Start Val His Leu Thr Pro Glu Glu Lys Ser Ala Val Thr

Sequence for Mutant (Sickle-Cell) Hemoglobin

ATG GTG CAC CTG ACT CCT GTG GAG AAG TCT GCC GTT ACT

Start Val His Leu Thr Pro Val Glu Lys Ser Ala Val Thr

Molecules of sickle-cell hemoglobin stick to one another, forming rigid rods. These rods cause a person's red blood cells to take on a deformed, sickle-like

shape, thus giving the disease its name. The rigid, misshapen blood cells do not carry oxygen well, and they also tend to clog capillaries, causing an

affected person's blood supply to be cut off to various tissues, including the brain and the heart. Therefore, when an afflicted individual exerts himself or

herself even slightly, he or she often experiences terrible pain, and he or she might even undergo heart attack or stroke—all because of a single nucleotide

mutation (Figure 1).

Citation: Clancy, S. (2008) Genetic mutation. Nature Education 1(1):187

Genetic Mutation | Learn Science at Scitable http://www.nature.com/scitable/topicpage/genetic-mutation-441

1 de 8 26/03/17 14:33



CÓDIGO GENÉTICO 



Como classificar o seguinte tipo de mutação ou variante? 

 

 |  Lead Editor:  Bob MossNUCLEIC ACID STRUCTURE AND FUNCTION

By: Suzanne Clancy, Ph.D. © 2008 Nature Education 
Genetic Mutation

Aa Aa Aa

A single base change can create a devastating genetic disorder or a beneficial adaptation, or it might have no effect. How
do mutations happen, and how do they influence the future of a species?

Although the haploid human genome consists of 3 billion nucleotides, changes in even a single base pair can result in dramatic physiological malfunctions.

For example, sickle-cell anemia is a disease caused by the smallest of genetic changes. Here, the alteration of a single nucleotide in the gene for the beta

chain of the hemoglobin protein (the oxygen-carrying protein that makes blood red) is all it takes to turn a normal hemoglobin gene into a sickle-cell

hemoglobin gene. This single nucleotide change alters only one amino acid in the protein chain, but the results are devastating.

Beta hemoglobin (beta globin) is a single chain of 147 amino acids. As previously mentioned, in sickle-cell anemia, the gene for beta globin is mutated.

The resulting protein still consists of 147 amino acids, but because of the single-base mutation, the sixth amino acid in the chain is valine, rather than

glutamic acid. This substitution is depicted in Table 1.

Table 1: Single-Base Mutation Associated with Sickle-Cell Anemia

Sequence for Wild-Type Hemoglobin

ATG GTG CAC CTG ACT CCT GAG GAG AAG TCT GCC GTT ACT

Start Val His Leu Thr Pro Glu Glu Lys Ser Ala Val Thr

Sequence for Mutant (Sickle-Cell) Hemoglobin

ATG GTG CAC CTG ACT CCT GTG GAG AAG TCT GCC GTT ACT

Start Val His Leu Thr Pro Val Glu Lys Ser Ala Val Thr

Molecules of sickle-cell hemoglobin stick to one another, forming rigid rods. These rods cause a person's red blood cells to take on a deformed, sickle-like

shape, thus giving the disease its name. The rigid, misshapen blood cells do not carry oxygen well, and they also tend to clog capillaries, causing an

affected person's blood supply to be cut off to various tissues, including the brain and the heart. Therefore, when an afflicted individual exerts himself or

herself even slightly, he or she often experiences terrible pain, and he or she might even undergo heart attack or stroke—all because of a single nucleotide

mutation (Figure 1).

Citation: Clancy, S. (2008) Genetic mutation. Nature Education 1(1):187

Genetic Mutation | Learn Science at Scitable http://www.nature.com/scitable/topicpage/genetic-mutation-441

1 de 8 26/03/17 14:33

 

 |  Lead Editor:  Bob MossNUCLEIC ACID STRUCTURE AND FUNCTION

By: Suzanne Clancy, Ph.D. © 2008 Nature Education 
Genetic Mutation

Aa Aa Aa

A single base change can create a devastating genetic disorder or a beneficial adaptation, or it might have no effect. How
do mutations happen, and how do they influence the future of a species?

Although the haploid human genome consists of 3 billion nucleotides, changes in even a single base pair can result in dramatic physiological malfunctions.

For example, sickle-cell anemia is a disease caused by the smallest of genetic changes. Here, the alteration of a single nucleotide in the gene for the beta

chain of the hemoglobin protein (the oxygen-carrying protein that makes blood red) is all it takes to turn a normal hemoglobin gene into a sickle-cell

hemoglobin gene. This single nucleotide change alters only one amino acid in the protein chain, but the results are devastating.

Beta hemoglobin (beta globin) is a single chain of 147 amino acids. As previously mentioned, in sickle-cell anemia, the gene for beta globin is mutated.

The resulting protein still consists of 147 amino acids, but because of the single-base mutation, the sixth amino acid in the chain is valine, rather than

glutamic acid. This substitution is depicted in Table 1.

Table 1: Single-Base Mutation Associated with Sickle-Cell Anemia

Sequence for Wild-Type Hemoglobin

ATG GTG CAC CTG ACT CCT GAG GAG AAG TCT GCC GTT ACT

Start Val His Leu Thr Pro Glu Glu Lys Ser Ala Val Thr

Sequence for Mutant (Sickle-Cell) Hemoglobin

ATG GTG CAC CTG ACT CCT GTG GAG AAG TCT GCC GTT ACT

Start Val His Leu Thr Pro Val Glu Lys Ser Ala Val Thr

Molecules of sickle-cell hemoglobin stick to one another, forming rigid rods. These rods cause a person's red blood cells to take on a deformed, sickle-like

shape, thus giving the disease its name. The rigid, misshapen blood cells do not carry oxygen well, and they also tend to clog capillaries, causing an

affected person's blood supply to be cut off to various tissues, including the brain and the heart. Therefore, when an afflicted individual exerts himself or

herself even slightly, he or she often experiences terrible pain, and he or she might even undergo heart attack or stroke—all because of a single nucleotide

mutation (Figure 1).

Citation: Clancy, S. (2008) Genetic mutation. Nature Education 1(1):187

Genetic Mutation | Learn Science at Scitable http://www.nature.com/scitable/topicpage/genetic-mutation-441

1 de 8 26/03/17 14:33

GAA 

 

 |  Lead Editor:  Bob MossNUCLEIC ACID STRUCTURE AND FUNCTION

By: Suzanne Clancy, Ph.D. © 2008 Nature Education 
Genetic Mutation

Aa Aa Aa

A single base change can create a devastating genetic disorder or a beneficial adaptation, or it might have no effect. How
do mutations happen, and how do they influence the future of a species?

Although the haploid human genome consists of 3 billion nucleotides, changes in even a single base pair can result in dramatic physiological malfunctions.

For example, sickle-cell anemia is a disease caused by the smallest of genetic changes. Here, the alteration of a single nucleotide in the gene for the beta

chain of the hemoglobin protein (the oxygen-carrying protein that makes blood red) is all it takes to turn a normal hemoglobin gene into a sickle-cell

hemoglobin gene. This single nucleotide change alters only one amino acid in the protein chain, but the results are devastating.

Beta hemoglobin (beta globin) is a single chain of 147 amino acids. As previously mentioned, in sickle-cell anemia, the gene for beta globin is mutated.

The resulting protein still consists of 147 amino acids, but because of the single-base mutation, the sixth amino acid in the chain is valine, rather than

glutamic acid. This substitution is depicted in Table 1.

Table 1: Single-Base Mutation Associated with Sickle-Cell Anemia

Sequence for Wild-Type Hemoglobin

ATG GTG CAC CTG ACT CCT GAG GAG AAG TCT GCC GTT ACT

Start Val His Leu Thr Pro Glu Glu Lys Ser Ala Val Thr

Sequence for Mutant (Sickle-Cell) Hemoglobin

ATG GTG CAC CTG ACT CCT GTG GAG AAG TCT GCC GTT ACT

Start Val His Leu Thr Pro Val Glu Lys Ser Ala Val Thr

Molecules of sickle-cell hemoglobin stick to one another, forming rigid rods. These rods cause a person's red blood cells to take on a deformed, sickle-like

shape, thus giving the disease its name. The rigid, misshapen blood cells do not carry oxygen well, and they also tend to clog capillaries, causing an

affected person's blood supply to be cut off to various tissues, including the brain and the heart. Therefore, when an afflicted individual exerts himself or

herself even slightly, he or she often experiences terrible pain, and he or she might even undergo heart attack or stroke—all because of a single nucleotide

mutation (Figure 1).

Citation: Clancy, S. (2008) Genetic mutation. Nature Education 1(1):187

Genetic Mutation | Learn Science at Scitable http://www.nature.com/scitable/topicpage/genetic-mutation-441

1 de 8 26/03/17 14:33

GLU 

Transição, Silenciosa ou Sinônima e Benigna 



QUAL O GENÓTIPO 
p.Glu7= 



Como classificar o seguinte tipo de mutação ou variante? 

 

 |  Lead Editor:  Bob MossNUCLEIC ACID STRUCTURE AND FUNCTION

By: Suzanne Clancy, Ph.D. © 2008 Nature Education 
Genetic Mutation

Aa Aa Aa
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do mutations happen, and how do they influence the future of a species?

Although the haploid human genome consists of 3 billion nucleotides, changes in even a single base pair can result in dramatic physiological malfunctions.

For example, sickle-cell anemia is a disease caused by the smallest of genetic changes. Here, the alteration of a single nucleotide in the gene for the beta

chain of the hemoglobin protein (the oxygen-carrying protein that makes blood red) is all it takes to turn a normal hemoglobin gene into a sickle-cell

hemoglobin gene. This single nucleotide change alters only one amino acid in the protein chain, but the results are devastating.

Beta hemoglobin (beta globin) is a single chain of 147 amino acids. As previously mentioned, in sickle-cell anemia, the gene for beta globin is mutated.
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A single base change can create a devastating genetic disorder or a beneficial adaptation, or it might have no effect. How
do mutations happen, and how do they influence the future of a species?

Although the haploid human genome consists of 3 billion nucleotides, changes in even a single base pair can result in dramatic physiological malfunctions.

For example, sickle-cell anemia is a disease caused by the smallest of genetic changes. Here, the alteration of a single nucleotide in the gene for the beta

chain of the hemoglobin protein (the oxygen-carrying protein that makes blood red) is all it takes to turn a normal hemoglobin gene into a sickle-cell

hemoglobin gene. This single nucleotide change alters only one amino acid in the protein chain, but the results are devastating.

Beta hemoglobin (beta globin) is a single chain of 147 amino acids. As previously mentioned, in sickle-cell anemia, the gene for beta globin is mutated.

The resulting protein still consists of 147 amino acids, but because of the single-base mutation, the sixth amino acid in the chain is valine, rather than

glutamic acid. This substitution is depicted in Table 1.

Table 1: Single-Base Mutation Associated with Sickle-Cell Anemia

Sequence for Wild-Type Hemoglobin

ATG GTG CAC CTG ACT CCT GAG GAG AAG TCT GCC GTT ACT

Start Val His Leu Thr Pro Glu Glu Lys Ser Ala Val Thr

Sequence for Mutant (Sickle-Cell) Hemoglobin

ATG GTG CAC CTG ACT CCT GTG GAG AAG TCT GCC GTT ACT

Start Val His Leu Thr Pro Val Glu Lys Ser Ala Val Thr

Molecules of sickle-cell hemoglobin stick to one another, forming rigid rods. These rods cause a person's red blood cells to take on a deformed, sickle-like

shape, thus giving the disease its name. The rigid, misshapen blood cells do not carry oxygen well, and they also tend to clog capillaries, causing an

affected person's blood supply to be cut off to various tissues, including the brain and the heart. Therefore, when an afflicted individual exerts himself or

herself even slightly, he or she often experiences terrible pain, and he or she might even undergo heart attack or stroke—all because of a single nucleotide

mutation (Figure 1).
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Como classificar o seguinte tipo de mutação ou variante? 
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Transversão, missense ou de sentido trocado ou não sinônima e patogênica 



QUAL O GENÓTIPO 
p.Glu7=Val 



Qual é o tipo de doença responsável por essa mutação ou variante? 
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Como classificar o seguinte tipo de mutação ou variante? 

Transição, Nonsense e Patogênica 



QUAL O GENÓTIPO 
p.Gln39X 



Qual é o tipo de doença responsável por essa mutação ou variante? 



Como classificar o seguinte tipo de mutação ou variante? 

Transição, Frameshift e patogênica 



QUAL O GENÓTIPO 
p.X142Gln 



Qual é o tipo de doença responsável por essa mutação ou variante? 





DELEÇÕES E INSERÇÕES 

²  Deleção ou inserção de base única 
 
²  Pequenas deleções e inserções 

²  Grandes deleções e inserções 

²  Crossing-over desigual 

²  Retrotransposição 



DELEÇÕES E INSERÇÕES 

46 THOMPSON &;THOMPSON GENÉTICA MÉDICA

TABELA 4-2 Variação Comum no Genoma Humano

TipodeVariação Extensão do Tamanho (Aprox.) Base para o Polimorfismo Número de Alelos
Polimorfismos de 1 pb Substituição de um ou outro par de bases em uma Geralmente dois
nucieotídeo único localizaçãoespecífica no genoma

Inserção/deleções 1 pb a > 100 pb Simples: Presença ou ausência de umpequeno segmento Simples: 2
(indels) de DNA de 100-1.000 pb de comprimento

Microssatélítes: Geralmente, uma unidade de 2, 3
ou 4 nucleotídeos repetida em tandem 5-25 vezes

Microssatélites:
tipicamente 5 ou
mais

Variantes no número lOkba > 1 Mb Tipicamente a presença ou ausência de segmentosde DNA 2 ou mais
de cópias de 200 pb a 1,5Mb, embora a duplicaçãoem tandem

de 2, 3, 4 ou maiscópias tambémpossaocorrer
Inversões Poucos pb a > 1 Mb Umsegmento de DNA presente em qualquer uma das

duas orientações com respeito ao DNA circundante
2

pb, par de bases;kb, par de quitobases; Mb, par de mcgabases

5 10 15
I I I

Seqüência de referência ...GGATTTCT AGGT AACTGAGTCGA...

Aieioi ...GGATTTCT AGGT AACTGAGTCGA...

AIBI02 ...GG ATTTC0AGGT AACTC AGTCG A...
Aieid ...GG ATTTCT AGGT A ACTC AGTCG A...

A!eio2 ...GGATTTCTAGG0TAACTGAGTCG A...
Aleio 1 ...GGATTTCT AGGT AACTGAGTCGA...

20
I

SNP

Indel A

Indel B
Aieio2 ...GGATHBCT AGGT AACTGAGTCG A...

Figura 4-1 Três pollmorfismos no DNA genômico a partir de um segmento doconjunto de referência
do genoma humano sãodemonstrados na partesuperior(Fig. 2-6).O polimorfismo denucieotídeo único
(SNP) na posição 8 possui dois alelos, um com T (correspondente à seqüência referência) e um com C.
Existem duas indels nessa região. Na indel A,o alclo2 apresenta umainserção de umGentreas posições
11 e 12 na seqüência de referência (alelo 1). Na indel B, o aleio 2 apresenta uma deleção de 2 pb nas
posições 5 e 6 na seqüência de referência.

O fato de os SNPs serem comuns, não significa que eles
não apresentem efeito na saúde e na longevidade. Isto quer
dizer que qualquer efeito de SNPs comuns está mais pro
vavelmente envolvido na alteração relativamente sutil de
suscetibilidade a doençasdo que na causa direta de doenças
sérias.

Polimorfismosde Inserção e Deleção
Uma segunda classe de polimorfismos resulta de variações
causadas por inserção ou deleção (in/deis ou simplesmente
indels) em qualquer parte, variando de um único par de
bases até aproximadamente 1.000 pb, embora indels maio
res também tenham sido bem documentadas. Mais de um
milhão de indels têm sido descritas, na casa de centenas de
milharesem qualquer genoma individual.Aproximadamente
metade de todas as indelsé referidacomo "simples", porque
elas apresentam apenas dois alelos — ou seja, presença ou
ausência do segmento inserido ou deletado (Fig. 4-1).

Polimorfismos de Microssatélítes
Outras indels, entretanto, são multialélicas, devido a núme
ros variáveis de um segmento de DNA que é inserido em
tandemem um determinado local, constituindo assim o que
é chamado de microssatélítes. Eles consistem em trechos
de DNAcompostos por unidades de dois, três ou quatro
nucleotídeos, como TGTGTG, CAACAACAA ou AAA-
TAAATAAAT, repetidosentre uma e algumasdúziasde vezes
em um local específico no genoma (Fig. 4-2). Os diferentes
alelos em um polimorfismo de microssatélite são resultado
dediferentes números de unidades de nucleotídeos repetidas,
contidas dentro de qualquer microssatélite, e são, portanto,
por vezes também chamadas de polimorfismos de repetições
curtas em tandem (STR, do inglês, short tandem repeat).
Um locus de microssatélite freqüentemente possui muitos
alelos (tamanhos de repetição) que podem ser avaliados
rapidamente por procedimentos laboratoriais padronizados
para distinguir indivíduos diferentes e para inferir relações
de parentesco (Fig. 4-3). Muitas dezenas de milhares de há

Qual o principal tipo de mutação induzida pela inserção ou deleção 
de nucleotídeo único (tipo de indel)? 

Frameshift ou mudança de matriz de leitura 



Como classificar o seguinte tipo de mutação ou variante? 

Inserção, frameshift e patogênica 



Qual é o tipo de doença responsável por essa mutação ou variante? 

Beta-Hexosaminidase B 



Como classificar o seguinte tipo de mutação ou variante? 

Deleção 



Qual é o tipo de doença responsável por essa mutação? 

Gene: CFTR (regulador de condutância transmembranal) 



QUAL É A NOMENCLATURA DAS 
MUTAÇÕES 

q  Há um banco de dados onde encontram-se todos os polimorfismos 
do genoma humano.  

www.ncbi.nlm.nih.gov/projects/SNP/ 

²  Inicia com o código rs (SNP referência) + identificador.  

o  Exemplo: rs76763715  

o  Substituição de aminoácido: p.N409S  



QUAL É A NOMENCLATURA DAS 
MUTAÇÕES 

www.ncbi.nlm.nih.gov/projects/SNP/ 

o  A mudança no nucleotídeo pode ser escrita de diferentes formas: 

o  A/C   T-  G   C>T   432G>C   T73C 

o  Recomendações HGVS: 

§  “c.” para sequência codificadora (c.76A>T) 

§  “g.” para sequência genômica (g.476A>T) 

§  “m.” para DNA mitocondrial (m.8993T>C) 



QUAL É A NOMENCLATURA DAS 
MUTAÇÕES 

o  Deleções e inserções: 

§  pF508del em uma proteína (p), deleção de fenilalanina (F) 508 

§  c.6232_6236del – deleção de cinco nucleotídeos iniciando no 
nucleotídeo 6232 do cDNA  

§  g.409_410insC -  insere C entre os nucleotídeos 409 e 410 do 
DNA genômico 

§  “p.” para proteína: Ex. PPARg  
§  p.Pro12Ala 
§  p.Gln410= 
§  p.Pro12X 



CORRIDA INTELECTUAL  ACADÊMICA 

EXERCÍCIOS: DINÂMICA 
DE GRUPO 



BIBLIOGRAFIA 

1. Thompson e Thompson, 2016 – 8a Edição: Nussbaum, McInnes e Willard - 
Genética Médica – Capítulo 4: Diversidade Genética Humana: Mutação e 
Polimorfismo 

2. Schaefer e Thompson Jr, 2015 – 1a Edição: - Genética Médica – Uma Abordagem 
Integrada – Capítulo 7: Mutação 


