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Basic principles of heredity
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Basic principles of heredity
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Basic principles of heredity Discovery of the five DNA bases - A,
T, C, G and U — by Albrecht Kossel
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DNA, rather than protein, is proven to carry our genetic
information — in the Hershey-Chase experiments

Experiment 1: Testing Proteins Experiment 2: Testing DNA
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Protein coats Bacteria Mo radioactivity Fhage DNA Bacteria Radioactivity
radiolabelled infected enters cells radiolabelled infected enters cells

Courbesy of Cold Speing Harbor Laborabory Archives. Noncommeercial, educational use only.

= 1 -y
Phage grown Centrifuge Radioactivity in FPhage grown Centrifuge Radioactivity
with radioactive supernatant with radioactive in peilet
sulfur (**S) phosphorus (**P)

Conclusion: Proteins are not genetic material Conclusion: DNA is the genetic material
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DNA, rather than protein, is proven to carry our genetic
information — in the Hershey-Chase experiments

Hydrogen bond
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Courtesy of Cold Speing Harb=0r Laboratory Archives. Noncommeercial, educational use only.

1953

1950

The discovery of DNA’s double helix
structure by James Watson,
Francis Crick, Rosalind Franklin and
Maurice Wilkins
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base pair

hydrogen bonds

Adenine (A)
B Thymine (T)
B Cytosine (Q)

Guanine (G)

From
structure to
function




Feature | Published: 23 January 2003
The double helix and the 'wronged heroine’
Brenda Maddox &

Nature 421, 407-408 (2003) | Cite this article
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COMMENT | 25 April 2023

What Rosalind Franklin truly
contributed to the discovery of
DNA’s structure

Franklin was no victim in how the DNA double helix was solved. An overlooked letter and
an unpublished news article, both written in 1953, reveal that she was an equal player.

By Matthew Cobb & & Nathaniel Comfort &

James D.
Watson

THE
DOUBLE

ot “The
——— | “Rosy, of course, did not directly

o | gjve us her data. For that matter, d
no one at King's realized they wronge
heroine”
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DNA, rather than protein, is proven to carry our genetic
information — in the Hershey-Chase experiments Central Dogma of Molecular

Biology - by Francis Crick

A

DNA

7/ _\

RNA PROTEIN
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Courtesy of Speing Haebor Laboratory Archives. Noncommercal, educational use ondy.

The discovery of DNA’s double helix
structure by James Watson,
Francis Crick and Rosalind Franklin
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Cracking the code for life

1963
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Circular DNA of prokaryotes
— by John Cairns

https://www.yourgenome.org/theme/timeline-history-of-genomics/



DI

Técnicas de
Sequencimento
de DNA




Shendure, J., Balasubramanian, S., Church, G. et al. DNA sequencing at 40: past, present and future. Nature 550,
345-353 (2017). https://doi.org/10.1038/nature24286

24 bases, This took two yeadrs: one base per month

The Nucleotide Sequence of the lac Operator

(regulation/protein=nucleic acid interaction/DNA-RNA sequencing/oligonucleotide priming)

WALTER GILBERT AND ALLAN MAXAM
Department of Biochemistry and Molecular Biology, Harvard University, Cambridge, Massachusetts (02138

Communicated by J. D. Watson, August 9, 1973

1968 1977
1973

Structure and Base Sequence in the Cohesive Ends of
Bacteriophage Lambda DNA

Ray Wu anp A, D. Karser

j* 5 £

Section of Biochemistry and Molecular Biology, Cornell University
Ithaca, New York, and Department of Biochemistry, Stanford University
School of Medicine, Palo Alto, California, U.8.A. l '“*\ .
‘\ _j"- |~ SN

GATAAATCEN 7/ RTATTTCC

(Received 4 March 1968, and in revised form 6 May 1968)

12 bases of the cohesive ends of bacteriophage lambda ' 2 |



1“ Geracdao de
Sequenciamento

A new method for sequencing DNA DNA sequencing with chain-terminating inhibitors

(DNA chemistry/dimethyl sulfate cleavage /hydrazine/piperidine) (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

ALLAN M. MAXAM AND WALTER GILBERT
Department of Biochemistry and Molecular Biology, Harvard University, Cambridge, Massachusetts 02138
Contributed by Walter Gilbert, December 9, 1978
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Chemical cleavage Amplification



A new method for sequencing DNA
i (DNA chemistry /dimethyl sulfate cleavage /hydrazine/piperidine)
ALLAN M. MAXAM AND WALTER GILBERT
Department of Biochemistry and Molecular Biology, Harvard University, Cambridge, Massachusetts 02138
Contributed by Welter Gilbert, December 9, 1976
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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, Oclober 3, 1977
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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 20QH, England
Contributed by F. Sanger, October 3, 1977

~100 Kb transfer rate per round

‘ PCR with fluorescent, 2 Size separation by capillary 3 Laser excitation & detection

chain-terminating ddNTPs gel electrophoresis by sequencing machine
3’ .-

Large fragments g el G
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T Mixture of dNTPs & Small fragments T T
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T ddNTPs T " :? T
T - B — -r

r
S Fluorescently-labelled Laser beam Photomultiplier

oligonucleotides Output chromatogram

Original
DNA sequence,
PCR amplified &

denatured



Shendure, J., Balasubramanian, S., Church, G. et al. DNA sequencing at 40: past, present and future. Nature 550,
345-353 (2017). https://doi.org/10.1038/nature24286

Kary Mullis inveted polymerase

chain reaction (PCR) Understanding
o Our Genetic
i i Inheritance

P — Massively parallel signature

ol o— The U.S. sequencing (MPSS) as a tool for
Human Genome in-depth quantitative gene
) S Project: expression profiling in all organisms
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GroNE Life with 6000 Genes

A. Goffeau,” B. G. Barrell, H. Bussey, R. W. Davis, B. Dujon,
H. Feldmann, F. Galibert, J. D. Hoheisel, C. Jacqg, M. Johnston.
E. J. Louis, H. W. Mewes, Y. Murakami, P. Philippsen,
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Applied Biosystems, ABI370. 1,000 bases per day
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2° Geragdo de

Sequenciamento
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Adapters

l Fragmentation l PCR or RT-PCR

equencing Library
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SBS - Pyrosequencing

Owen-Hughes T, Engeholm M. Pyrosequencing positions nucleosomes precisely.
Genome Biol. 2007;8(6):217. doi: 10.1186/gb-2007-8-6-217. PMID: 17601355; PMCID: PMC2394743.

Principle of Pyrosequencing

» Forward PCR primer
Ligation of adaptors to

DNA fragments Biotinylated reverse PCR primer <—O
‘ Biotinylated single-stranded
Tempiate
Emulsion PCR (7
Se g%
NN 220 Polymerase
3 CGTCCGEAGCCERMAGTTCCA °
Break emulsions and deposit T T T T T 7 (ninninninniuniy 1 1 1 1 T 1 1
beads into picotiter plate ‘ 51 L1 1 1 ] | Y.
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s

Ordered flow of dNTPs
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(DNA), + dNTP

> (DNA) ., + PP

Beads with clonally amplified template DNAs and sequencing enzymes Nucleotide sequence
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454 Roche GS FLX System (2004)
400-600 million base pairs per run
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Sulfurylase )

f

APS+PPi Light

ATP

luciferin

\

Luciferase

f

AIP

oxyluciferin

Light

—

-

Time
Nucleotide incorporation generates light

seen as a peak in the Pyrogram trace

Apyrase

» dNDP + dNMP + phosphate

Apyrase
—»  ADP + AMP + phosphate

Sequencing, by synthesis (SBS)




SBS - Sequencing by detection of hydrogen ions

lon Terrent Next-generation Sequencing

Watch on £ YouTube

Sequencing, by synthesis (SBS)



SBS - Sequencing by reversible termination
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Sequencing, by synthesis (SBS)



SBS - Sequencing by reversible termination
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Sequencing, by synthesis (SBS)
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Lipopolysaccaride
Outer membrane

Peptidoglycan wall

G e n O m O Inner membrane
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circular)

Rotary motor
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Bacteria




ESTRUTURA DO GENOMA

Pilus (type IV) —#ssag,,
PROCARIOTOS

Lipopolysaccaride

Outer membrane

Separacgdo fisica clara entre o DNA e o Peptidoglycan wall
citoplasma
: N . : . Inner membrane
Replicacdo, segregacdo e duplicacdo celular
estdo fortemente interligadas Plasmid
Proporcionalidade entre o tamanho do genoma e Chromosome
o nimero de proteinas codificadas (often single
) circular)
Os plasmideos carregam genes pard sud
propagacdo, manutencdo na célula, adaptacdo Rotary motor

Flagella

Bacteria

https://www.nature.com/articles/s41576-023-00688-5/figures/1
https://cshperspectives.cshlp.org/content/8/1/a018168.long
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ESTRUTURA DO GENOMA

PROCARIOTOS
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ESTRUTURA DO GENOMA

PROCARIOTOS

MD-Ori 9

Chromosomes are symmetric (6 ~ 180°)
Replication starts at the origin (Ori) :
Replication terminates close to the dif site :
GC skews are higher in the leading strand

Highly expressed genes cluster at Ori for
replication-associated gene dosage effects :

Gene strand bias results in more genes co-oriented :
with replication fork progression

/7 Functionally neighbor genes are cotranscribed in operons

Leading strand overrepresents DNA motifs implicated
In repair (Chi) or in segregation (KOPS)

Chromosomes are organized in structured macrodomains
(MD) and unstructured flexible regions (NS) ;

35 ((}e: 10 Proteins with specific DNA-binding properties drive .
MD-Ter 5 nucleoid dynamics :

https://cshperspectives.cshlp.org/content/8/1/a018168.long



https://cshperspectives.cshlp.org/content/8/1/a018168.long

ESTRUTURA DO GENOMA

PROCARIOTOS

o O O
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Operon Superoperon

:
“« _ > O
4[% 718
6

Operons sdo conjuntos de genes sob o controle
de um Unico sitio de inicio de transcricéo
A maioria dos genes em procdriotos & expressa

na forma de operons AO-1
J ~ ; .__HE
Pares de genes contiguos em operons sdo Ntololtos @
ClltCI mente COnserVCIdOS Q.—Cﬂ Functional pathway Protein complex
A’ 4
Os genes em operons frequentemente codificam - | -
@ RNA polymerase B Transcription factor (TF)

proteinas que interagem fisicamente ou vizinhos
funcionais

Tas Transcription start site ﬂ Binding site TF

)

https://cshperspectives.cshlp.org/content/8/1/a018168.long
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PROCARIOTOS

The lac operon:

ESTRUTURA DO GENOMA

promotes RNA
polymerase binding

CAP

RNA Polymerase

Promoter
CAP site Operator | lacZ | lacY | lacA
N
_ | blocks RNA
polymerase
Repressor

https://www.sciencedirect.com/science/article/pii/S0022283661800727?via%3Dihub
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ESTRUTURA DO GENOMA

PROCARIOTOS

e As caracteristicas organizacionais séo
fortemente afetadas por rearranjos no genoma,
-> Cromossomos assimeétricos, romper operons
e desorganizar dominios cromossomicos

e Aquisic@o de novos genes (THG)

A Hotspot model

1-Permissive regions are rare

O

N

llntegratir:m

2-Integrated elements offer large neutral targets

!

3-Spread in population by:
(i) Vertical descent
(iiy Recombination at flanking core genes

=

Further deletions,
integrations

4-Sequences diverge, but location remains

=

Hotspot

B Scattered hotspots

C Regionalization

o —p
Stable

Instable

D Delocalization

7 N

| ) e +C
k j Jr_‘ -.
Stable Instable j

CSH
Boge

https://cshperspectives.cshlp.org/content/8/1/a018168.long



https://cshperspectives.cshlp.org/content/8/1/a018168.long

Eukaryotes

Flagella
(microtubules)

Pseudopodia
(microfiliments)

Basal body/centrosome
(microtubules)

Flagellar roots
(microtubules)

Genoma

Chromosomes
(multiple linear)

doS
eucariotos

Plasma membrane

Nucleus

Golgi body
Extrusomes/ejectosomes
Cytopharynx/phagosome
Endoplasmic reticulum (rough)
Endoplasmic reticulum (smooth)
Digestive vacuole

Lysosome

Peroxisome

Cytoproct

Mitochondrion
Plastid

Problem while displaying link...
Click_here to visit the page.



COMPLEXIDADE DO GENOMA

EUCARIOTOS

Grande parte da complexidade dos genomas o
eucaridticos resulta da abunddncia de sequéncias =
Fungl_

ndo codificantes - 4
EAR

Aralvidlopsis Lily

Chromosomal DINA [% \

Crosophila

Spacer sequence Intron 1 Intron 2 SpAacer sequence insect [

: 3
; - o

Fxon | Fxom 2 Fxon 4 = S

lran :-il:'rll.:lllli'lr'l

e

Primary KMA = ot ﬂﬁ'

: : 3 o
transcripl £ | | | [ G

Birds= -
i Hplicing

Human

meMA 37 | _ 3 Mammals-

10° 105 107 107 107 1010 1011 a2
Base pairs per haploid genome




COMPLEXIDADE DO GENOMA

NEM TODO EXON CODIFICA PROTEINA

Proporcdo de sequéncias exonicas e representacdo no
sequenciamento do exoma completo

A
Elhar ding RMNA
Transcription Schizosaccharomyces lon-coding
A start Eité] pombe (Fission yeast) EH_TI_E
F'ply-A CDS
signal Caenarhabditis elegans
sequence {Roundworm)
Exon Exon Exon Exon Exon Exon [
- Intron Intron Intron Intron E Intron . 6 Drosophila melan;gaarller
1-|-| Ll-l |.|.| (Fruit fiy)
N | Danio rerio
s UTR cDS TUTR (Zebrafish)
B C Mus musculus
Start Stop (Mouse)
codon codon
Homo Sapens
L I | | I | [ | 0 50,000,000 100,000,000 150,000,000
SUTR  CDS 3UTR INCRNA Total size (bps)

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10112331/
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COMPLEXIDADE DO GENOMA

FAMILIA DE GENES

Spacer
d L . = iy .
b L SECLENCe Wi yrd | il al
a-Globin locus . .
chromosome 16
Embryonic Pseudogenes Fetal and
adulr
Spacer
o b2 e SeC(Uenoe oy Al | d b
B-Globin locus _w-:- | -f:-rzﬁz-:-:
chromosome 11
Pseudogene Fetal  Pseudogene  Adult

Embryonic

https://www.ncbi.nlm.nih.gov/books/NBK9846/
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COMPLEXIDADE DO GENOMA

a Processed pseudogenes

PSEUDOGENES

[

Promoter

-1

mRNA

Reverse transcription and integration

Transcription

\

—

AAAAAAAAA

¢ Unitary pseudogenes

Ancestor gene

Mutation and loss of functional gene

!

Promoter —E
Promoter p=—{"_

b Unprocessed pseudogenes

Promoter

Promoter

Duplication and mutation

d Polymorphic pseudogenes

Reference genome sequence (pseudogene)

Promoter

—

——
o

>

Promoter

| S

—

 —

https://www.nature.com/articles/s41576-019-0196-1
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COMPLEXIDADE DO GENOMA

PLASTOMA

e |nicialmente, os estudos de sequenciamento se
limitavam a pequenos trechos de DNA
(barcoding)

e Estudos filogenéticos

e gene COI (mitocondrial)
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trnfM
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rps2 atpl

psbJ /
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tmS
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COMPLEXIDADE DO GENOMA

REPETITOMA

e “Junk DNA" -> ndo codificadoras de proteinas

e Repeticdes em tandem -> microssatélites

e Transposons - “genes saltadores”

e Regulacdo genética, organizagdo cromossomica
e evolucdo
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Disadvantages
of using NGS — ~co— —co—— —

e.g. PRKAR1A, G6PC, BBS9, ARGHEFS, TAF1 | e.g. FMRT, DMPK, ATXN10, HTT | | e.g Compound heterozygosity, Parental origin e.g. PMS2, CYP2D6, CHEK2, SMIN1, PKD1
of de novo mutations, Mosaicism
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Nearly all of the aforementioned platforms require template amplification.
However, the downsides of amplification include copying errors, sequence-
dependent biases and information loss (for example, methylation)
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Pacific Biosciences Single Molecule Real Time v
(SMRT) Sequencing PGCBI.
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Pacific Biosciences Single Molecule Real Time v
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Figure 4. The most representative DNA-sequencing workflows of Oxford Nanopore Technologies.

(a) For minimal library preparation time, ONT provides the Rapid Sequencing workflow, which
exploits the innate qualities of transposase for the cleavage of genomic DNA and the subsequent
adapter ligation. (b) For maximum throughput, ONT has developed the sequencing by ligation
workflow, which includes DNA end repair and attachment of sequencing adapters for the sequencing
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Montagem
de
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Propriedades do
genoma que afetam a
montagem

A dificuldade néo
é pelo tamanho e
sim a estrutura
repetitiva

O problema do
tamanho éo
requerimento
computacional
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'PARA UM GENOMA
HOMOZIGOTO

Pode ser produzida
com dados HiFi e
ultra-longos

Um pequeno nUmero
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'PARA UM GENOMA
HETEROZIGOTO

Com HiFi sozinho,
podem ser produzidos
dois tipos de pares de

montagem:

Um par primario-
alternativo
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'ANOTACAO DO
GENOMA

A primeira fase da anotagdo é a
identificagcdo de repeticdes e masking

Softwares
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'ANOTAGAO DO
GENOMA

Anotacoes do genoma envolvem a
caracterizagdo de elementos de
significncia biologica

Principalmente na
iIdentificagcdo de genes
codificadores de
proteinas

No geral, existem 3
abordagens que podem ser
tomadas para predizer os
genes no genomdad
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'ANOTAGAO DO

GENOMA
Qntm’nseca Extrinsec@
Utiliza outros
! tipos de dados
Foca apenas @ombinad@ (transcritos e/
nas ou

informacoes polipeptideos)
que podem ser para extrair os

extraidas das dados

sequéncias

genomicas
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ANOTACAO DO
GENOMA

INntrinseca Extrinseco

E mais trabalhoso, pois modelos
estatisticos precisam ser
construidos e treinados.

E universalmente aplicdvel, existem
varios bancos de dados com as
sequéncias polipeptidicas
(RefSeqg,UniProt) que criam potencial
para a predi¢cdo de genes de facil
acesso

Mas, uma grande vantagem é a
capacidade de predizer genes de
evolucdo rapida e genes Unicos de
espécies




'ANOTACAO DO
GENOMA

Combinados
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PROGRAMAS DE Earth BioGenome Project: Sequencing life for

GENOMICA the future of life

Aumentar o Nosso
entendimento da
biodiversidade da Terra e
responsavelmente direcionar

OS recursos sédo um dos
Mmaiores desafios da ciéncia e
da sociedade no novo milénio




INICIATIVAS E
PROGRAMAS DE
GENOMICA

E um projeto fundado para
sequenciar e montar os
genomas de individuos de

diversas populacdes para
melhor representar a

diversidade gendémica na
populacdo humana
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