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Principais diferengas entre o genoma

nuclear e mitocondrial

Nuclear

Mitocondrial

Tamanho

No. de moléculas de DNA

No. total de mol.
DNA/células
Proteinas associadas

Numero de genes

Densidade génica

DNA repetitivo

Transcricao

Introns

Percentagem de DNA codificador
Codon usage

Recombinacao

Heranca

3.300 Mb

23 (em XX) ou 24 (em XY), linear

23: Cels. haploides, 46: Cels. Diploides

varias classes de histonas e proteinas nao-histonas
~ 25.000 - 30.000

~ 1/40 kb

grande porcao

0S genes sao transcritos individualmente
encontrado em muitos genes

~ 3%

?

pelo menos uma vez por cada par de homologos

mendeliana N0 cromossomo X € autossomos,
paternal no cromossomo Y
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16.6 kb

um molécula de DNA circular
milhares genomas

milhares genomas por mitocondria
37

1/0.45 kb

muito pouca

transcricao continua de muitos genes
ausente

~ 93%

?

transcricdo continua de muitos genes

Exclusivamente materna
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Genoma nuclear
3.300 Mb / £ 25.000 genes

~ 25% ~ 15%
Genes e sequéncias DNA extragénico
relacionadas

| ~60% | |~ 40%
Unicas ou moderadamente unico ou baixa moderado ou
repetitivas copia altamente repetitivo
~10% ‘ ~ 90% LINES, SINES, Alu,

DNA codificador | | DNA ndo codificador sl BERLC 2

peseudogenes — fragmentos génicos —| introns, 5" e 3" UTRSs, etc.




O DNA mitocondrial consiste em um pequeno duplex de
DNA circular com alta densamente génica

Heranca Materna

. Genes:
STRAND 2 RNA ribossomal
22 tRNA

13 subunidades de enzimas da fosforilagao oxidadtiva

STRAND

I ATPase 8
83|»66 8522 85|77 9202 9206
1 53 68
Met Pro Lys Trp Thr Lys Be Cys Ser Leu His SerlLeu Pro Pro Gin Ser

Stop
ATG CCAAMATGAACGAAMATCTGTTCGCTTCATTCATTGCCCCCACAATCCTAGGCCTA ACATA

A Séer Pha § A




Estrutura de genes eucariotos

Exons = sequéncias codificantes

S
stop _ .
CAT TATA Termmado{ ?

. —.7 V7777777 V/////H V// 7777777777774 [T
promotor _ / '
+J .............................. Introns = sequéncias intercalares % ................................... >
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Phillip Sharp

Genes de eucariotos sao
interrompidos

Frederick Sanger e Walter Gilbert
Sequenciamento do DNA

Kary Mullis

Reacao em cadeia da polimerase (PCR)
s




Estrutura de genes eucariotos
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CYP CaB CYP C4aA
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Variacao do tamanho dos genes humanos

(A) Less than 10 kb (B) Less than 100 kb
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Tamanho meéedio de exons e introns

Gene Tamanho (kb) Numero de Exons Tamanho Médio dos Exons Tamanho Médio dos Introns
tRN AW 0.1 2 50 20
Insulin 14 3 155 480
B-Globin 1.6 3 150 4390
Class ITHLA 35 8 187 260
Serum alburmn 18 14 137 1100
Type VII collagen 31 118 77 180
Complement C3 41 29 122 900
Phenylalanmne hydroxylase 90 26 96 3500
Factor VIII 186 26 375 7100
CFTR (cystic fibrosis) 250 27 227 9100

Dystrophin 2400 79 180 30 000




DNA repetitivo

Regiao nao codificadora com repeticao em tandem:;
DNA-satélite, minissatélite e microssatélite.

Table 7.11. Major classes of tandemly repeated human DNA

Class Size of repeat Major chromosomal location(s)
‘Megasatellite' DNA (blocks of hundreds of kb in some cases) several kb Vanous locations on selected chromosomes
RS447 47kb  ~50-70 copies on 4p15 plus several copies on distal 8p
untitled 25kb  ~400 copies on 4931 and 19q13
untitled 30kb ~50 copies on the X chromosome
Satellite DNA (blocks often from 100 kb to several Mb i length) 5-171bp Especially at centromeres
a (alphoid DNA) 171bp  Centromeric heterochromatin of all chromosomes
B (Sau3 A family) 68 bp Centromeric heterochromatinof 1,9, 13, 14,15, 21, 22and Y
Satellite 1 (AT-nich) 25-48bp Centromeric heterochromatin of most chromosomes and other heterochromatic regions
Satellites 2 and 3 S5bp Most, possibly all, chromosomes
Minisatellite DNA (blocks often within the 0.1-20 kb range) 664 bp At or close to telomeres of all chromosomes
telomeric family 6 bp All telomeres
hypervanable famly 9-64bp Al chromosomes, often near telomeres

Microsatellite DNA (blocks often less than 150 bp) I-4bp  Dispersed throughout all chromosomes




DNA repetitivo

Regiao nao codificadora com repeticao em tandem:;
DNA-satélite, minissatélite e microssatélite.
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Familias génicas classicas

Alto grau de homologia e identidade entre os membros: Histonas e
RNAr

Familias génicas com dominios grandes e altamente

conservados
Homologia em regides especificas
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Familias génicas com motivos de aminoacidos
conservados muito curtos

Homologia muito baixa, mas codificam produtos com funcao comum

(A) DEAD box
22 42 19 29 17 29 17 23 19 51 115 192 20 25
NH, — AXXGXGKT —— PTRELA GG TPGR DEAD p—og SAT ARGXD HRIGR — COOH
6 94 23 41
(B) WDrepeat | GH 'wo])n=4 8
- o




Familias génicas organizadas em agrupamentos unicos

Agrupamentos compostos: genes intercalados no agrupamento da familia

Evolutionary history of the globin genes
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Familias génicas dispersas

Originadas de antigas duplicacdes do genoma ou de eventos de duplicacao génica:

PAX9, HOX, SOX, etc.

Gene family Number of genes Sequence motiffdomain

Homeobox genes 30 HOX genes (see Figure 14.5) plus ~60  Homeobox specifies a homeodomain of ~60 amino acids. A wide vanety of different subclasses have
orphan homeobox genes been defined

PAX genes 9 Paired box encodes a paired domain of ~130 amino acids, PAX genes often have in addition a type

of homeodomain known as a paired-type homeodomam

SOKX genes ~15 SRY-like HMG box which encodes a domain of ~70 amino acids

TBX genes ~15 T-Box which encodes a domain of ~170 ammno acids

Forkhead domamn ~15 The forkhead domain 15 about 110 amuno acids long

genes

POU domain ~15 The POU domain 18 ~150 amino acids long

genes




Familias génicas dispersas
Originadas predominantemente por eventos de retrotransposicao:

Elementos Transponiveis

Transposicao Mediada por RNA Transposi¢cao Mediada por DNA
(Frequente) (Rara)
Retrotransposons \
Transposons

Incapaz de codificar

Capaz de codificar
Transcriptase Reversa P

Transcriptase Reversa

Familia nao viral Familia viral

RetrOVfFUS endégen{\

Pseudogenes processados elementos semelhantes a Retrotransposons
l retrovirus ‘L
: . ¢ Sem LTRs
| — == _am 3 m .
- — = f— | 2 e 2

SINE-1 (Alu family) LINE-1 (Kpn family)

Familias HERV/RTLV e
THE-1



Familias génicas dispersas
Originadas predominantemente por eventos de retrotransposicao:

Functional gene

- ... -
\Transcrnp(uon
Reverse transcription
RNA

o

DNA Xe-mtegrat»on

Functiomal gene

Figure 1.19 The origin of a processed pseudogene

A processed pseudogene is thought to arise by integration into the genome of a
copy of the mRNA transcribed from a functional gene. The process by which
mRNA is copied into DNA is called reverse transcription and the product is
called complementary DNA (cDNA). The cDNA may integrate into the same

chromosome as its functional parent, or possibly into a different chromosome.



Familias génicas dispersas

Originadas predominantemente por eventos de retrotransposicao:

Table 7.12. Major classes and families of interspersed human repetitive DNA (adapted from Smit, 1996)

Class® Family® Size of repeat unit No. of copies Percentage of genome

SINE Alu family Full length ~0.3 kb ~1 000 000 ~7.0%
MIR families Average size ~0.13 kb ~400 000 ~1.7%

LINE LINE-1 (Kpn) family Full length 1s 6.1 kb, but average size ~0.8 kb ~200 000-500 000 ~5-12%
LINE-2 family Average size ~0.25 kb ~270 000 ~2.1%

LTR HERV Average size ~1.3 kb ~50 000 ~1.3%
Others Average size ~0.5 kb ~200 000 ~3.3%

DNA transposon Mariner & other families Varies; perhaps average size = 0.25 kb ~200 000 ~1.6%

Others Various Perhaps average size of about 0.4 kb ~60 000 ~0.8%

% See text.




Familias génicas dispersas

Ori

ginadas predominantemente por eventos de retrotransposicao:
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Familias génicas dispersas
Originadas predominantemente por eventos de retrotransposicao:

Non-LTR
retrotransposons

SVA
0.2%

Others
6.0%

LTR retrotransposons DNA transposons
8.3% 2.8%



