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Decoding & Understanding
Genomes




What is a Genome?

* A complete set of an organisms DNA is called its genome

 Human diploid genome is 6.37/6.27 (female/male) Gigabase pairs
(Gbp)

* Weighs 6.41 picograms and end-to-end would be 205 cm |long

* Full copy in the majority of cells in the body
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How is DNA packed into the cell nucleus?

Metaphase chromosome
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Aside - Polytene Chromosomes

Occur when many
chromosomes align with
each other without cell
division

Allowed the visualisation of
chromosome bands leading
to the idea that genes
resided on chromosomes.

Found in pea plants (aka
Mendel) and Drosophila (aka
Morgan).
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Which is correct?

A. A DNA —— RNA —— Proteln
B. B

DNA —— RNA —— Proteln
C. C

DNA —— RNA ——= Protein



B. RNA can make DNA

A DNA —— RNA —— Proteln

>  DNA —— RNA —— Protein

C. DNA =—— RNA ——= Protein




DNA Sequencing

py
Cheaper than chips
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Source: National Human Genome Research Institute
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DNA Synthesis is also now cheap

/z dsAAV CB FL-SMN.gb (Circular [ 5537 bp)
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Sequencing technologies

Sanger Sequencing

« Sometimes called chain-termination
sequencing or dideoxy seguencing. u’e/.a/.ﬂ/.
» Based upon in vitro DNA replication

I ‘| "-"._"
| \ ; \
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N S —
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220

» Utilises random incorporation of
modified, fluorescently tagged bases
onto the growing DNA strand.

 The 4 standard bases are tagged with
a different fluorophore so they can be
distinguished from one another.
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Sanger Sequencing
.

DNA polymerase

ol
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DNA Sequencing technologies

Sanger Sequencing

» Used for routine sequencing

m,muumm.unm mmmu.unmmuummmmu,mmmmmm
ummmmmmumumnmmmmmmmmunmmmumm“ m

o Efficient and reliable - - -
thMhMMhl MJ umhumnmmmuunmmmh:bmmmum.

 Reads are 500 -1000bp

* Low throughput

2 C
' 000 in LIFE SCIENCES
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NGS DNA Sequencing technologies

Next Generation Sequencing technologies

* High-throughput, multi parallel
sequencing

* Up to 600 billion bases in one reaction

» Like Sanger sequencing, is based
upon in vitro DNA replication

* Does not require known primers

il
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» Different sequencing chemistries (sequencing

by synthesis, sequencing by ligation,
pyrosequecing and ion semiconductor
seguencing )

* All require samples to be prepared into

libraries

* All require specialised machines with solid

14

surfaces to create ‘clusters’ of DNA

Machines output raw data and increasingly
this is directly used for bioinformatic analysis

NGS DNA Sequencing technologies

Next Generation Sequencing technologies
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NGS DNA Sequencing

SE( UenCing by SyntheSiS A. Library Preparation

» Genomic DNA is fragmented senomie DA l .

» 5’and 3'adapters are ligated N

» Adapter-ligated fragments are PCR J tioaton
amplified. coqoncing  —

NGS library is prepared by fragmenting a gDNA sample and
ligating specialized adapters to bath fragment ends.

il
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NGS DNA Sequencing

» Library is loaded into a flowcell

* Fragments are captured on a lawn of
surface-bound oligos complementary
to the library adapters

» Each fragment is then amplified into
distinct, clonal clusters.

16

B. Cluster Amplification

Flow Cell

Bridge Amplification
Cycles

“Clusters

Library is loaded into a flow cell and the fragments are
hybridized to the flow cell surface. Each bound fragment
Is amplified into a clonal cluster through bridge amplification.
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NGS DNA Sequencing

C. Sequencing

BEENE
} iR B

* All four terminator-bound dNTPs are olelalot
present during each sequencing cycle () X

» Unlike Sanger sequencing, these
modified bases can be converted back Deta gt s |

Cluster 1 > Read 1: GAGT...
Cluster 2 > Read 2: TTGA...

to a ‘regular’ bases and do not halt the .
reaCt i O n i . e . n O n O rm al bases req u i red Seqguencing reagents, including fluorescently labeled nucleo-

tides, are added and the first base is incorporated. The flow
cell is imaged and the emission from each cluster is recorded.
The emission wavelength and intensity are used to identify
the base. This cycle is repeated “n” times to create a read
length of “n” bases.

il
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NGS Sequencing

Used for high throughput analysis
highly accurate sequencing that greatly
reduces context—specific sequencing
errors, even within repetitive sequence
regions

Expensive and requires dedicated
machines

Not suitable for routine sequencing

Enables personal genomics

lemplate
dNTPs
and

polymerase

Bridge amplification
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NGS Sequencing

» Used for high throughput analysis

* highly accurate sequencing that greatly
reduces context—specific sequencing
errors, even within repetitive sequence el (

dNTPs

regions and

polymerase

+ Expensive and requires dedicated
machines

* Not suitable for routine sequencing pridge ampification

* Enables personal genomics
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Novel Applications

 |dentification of potential pathogens
e.d. New Viruses

-
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Novel Applications

 |dentification of potential pathogens
e.d. New Viruses

* Disease monitoring for public health

21
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Novel Applications

 |dentification of potential pathogens

» Disease monitoring for public health

 |dentification of new species and

22

e.d. New Viruses

novel molecules
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Novel Applications

ldentification of potential pathogens
e.d. New Viruses

Disease monitoring for public health

ldentification of new species and
novel molecules

Monitoring environmental change

4 1 - France 2 -The Nederlands '17 @ 3-The Netherlands '18
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Liem, M et al (2021). https://doi.org/10.1186/s13104-021-05457-3
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Reconsidering DNA technologies

NGS sequencing is now commercially cheap and fast
DNA synthesis is now commercially cheap and fast

Your time will be spent designing molecules not making them
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Reconsidering DNA technologies

HCO

HLO

{

Thebaine

Codine or morphing
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DelLoache et al. Nat Chem Biol 11, 465-471 (2015).
https://doi.org/10.1038/nchembio.1816
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Reconsidering DNA technologies

NGS sequencing is now commercially cheap and fast
DNA synthesis is now commercially cheap and fast
Your time will be spent designing molecules not making them

These technologies enable fields such as synthetic biology offering
the ability to control matter

il
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Would you have your
genome sequenced for free?

A. Yes
B. No



Personal Genomics

* A new age of eugenics?

o (Gattaca (1997) Written and
Directed by Andrew Niccol

28
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What does my genome tell about me?

Some genetic risk factors with strong effects can be identified (e.qQ.
BRCA alleles and breast cancer).

But most ‘gene’ associations are weak and effects are hard to
predict.

il
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Human Eye Colour

Recessive Eye Colour

First Generation (Grandparents)

Second Generation (Parents) .—‘

@ =
bb BB

Bb Bb Bb Bb
Third Generation (Grandchildren) 6 . *7_.
BB Bb bb | bb
Four Generation (Great-grandchildren) 6 . .
s Blue Eyes bb bb bb

mmmmm Crovn Eyes

30
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Human Eye Colour
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What does my genome tell about me?

Some genetic risk factors with strong effects can be identified (e.qQ.
BRCA alleles and breast cancer).

But most ‘gene’ associations are weak and effects are hard to
predict.

Gene to phenotype associations are complex and penetrance can
vary.

il
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Personal Genome risks

It is possible to establish your identity from your genome alone by
comparison to related individuals with known identity.

‘Free’ or ‘low-cost’ genome sequencing firms may sell your genome
or leak it — e.g. 23andMe

Identity plus genome information opens the possibility for
discrimination e.g. for health insurance

Do you want to know if you are at risk for incurable future diseases?

bl
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Controlling gene expression

Enhancer + Promoter Open Reading Frame Termination sequence

QXY

il
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Transcription Factors

Transcription factors are proteins involved in transcribing DNA into
RNA.

Many have DNA-binding domains that allow them to bind to specific
seguences of DNA in gene promoters or enhancers. Transcription
factors can also interact with each other or additional protein co-factors

to change their DNA binding properties.

~1500 estimated transcription factors in the human genome

o
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Transcription Factors

UAS-eveless/ dop—GALS .
Salzer & Kumar Plos One 2010

oy
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Controlling gene expression

Epigenetic modifications

N

'))) W

Promoter
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Controlling gene expression

Enhancer

® ® TF TF TF




Transcription Factors

Transcription factors are proteins involved in transcribing DNA into
RNA.

Many have DNA-binding domains that allow them to bind to specific
seguences of DNA in gene promoters or enhancers. Transcription
factors can also interact with each other or additional protein co-factors

to change their DNA binding properties.
~1500 estimated transcription factors in the human genome

Predicting functional enhancer sequences is difficult.

bl
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Controlling gene expression

Enhancer + Promoter Open Reading Frame Termination sequence

QXY

il
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Protein Coding Genes

41

DNA

VIRVL

Promotor Gene
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MRNA Splicing




Pre-mRNA Splicing

RNA Splicing: catalysed by a large ribonucleoprotein (RNA & Protein)
complex called the spliceosome

The spliceosome is a highly dynamic assembled by sequential binding
and release of the small nuclear RNAs (snRNAs) and protein factors
that can influence spilicing.

e
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Pre-mRNA Splicing

44

U2 (Major)

o ®
C@

>99% of iNtrons
U2

type s{[__AG]auraGu ————————CURACU—(Yn)—YAG[G |8

J12 (Minor)

<[9% of introns
g/éé suméuwccuuu—uccumgcu — g s
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MRNA Splicing

Include Polypeptide A Include Polypeptide A
DNA Promotor Gene
| -- m e T
’.\\\,4.//,‘.\1,“/ SRR R R RN AR A AN .|.|.|.|.|.|.|.|.|.|.|.|.|.|.|.|.|.|¢ u.|.|..|..|.|..|..|.|.|.|..|.|.4.|..|.|.|.4..|.|., .
Exon Intron = Exon | Intron Exon Intron  Exon
Pre MANA 9 c bbbl u.l.l.l.l.l.l.hu.l.l.u.l.l.l., ,.t.l.l.a.l.i.l.a.l.n.u.a.l.n.l.u.l.l.l. e 1
5 J7/R  Exon Exon | Exon Exon 3 uTr Poly(A) tai
ClnalspliceomRNA 5';..11» k‘illllllllllllllllllh||||||||||||||||||||i'» bk 9
i | 2 UIrR Paly(A) ta
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MRNA Splicing

Include Polypeptide A Include Polypeptide A
DNA Promotor Gene
| -- m e T
’.\\\',d/,/‘.\\“d, el L “"""‘“"‘“"‘“‘“‘“"T u.|.|..|..|.|..|..|.|.|.|..|.|.4.|..|.|.|.4..|.|., .
Exon Intron = Exon | Intron Exon Intron  Exon
Pre MANA 9 el Ll u.l.l.l.l.l.l.hu.l.l.u.l.l.l., ,.t.l.l.a.l.i.l.a.l.n.u.a.l.n.l.u.l.l.l. H-I-I-I-I-I-H-I-I-I-Lh——-: 3
5 J7/R  Exon Exon | Exon Exon 3 uTr Poly(A) tai
cl”&lSDllcedmRNA 5';..11» x‘illllllllllllllllllh||||||||||||||||||||i'» bk 'ﬁ
i | 2 UIrR Paly(A) ta
A
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MRNA Splicing

Exclude Polypeptide B Include Polypeptide B
DNA Promotor Gene
| -- m e T
’.\\\*,d/,/‘-\\\‘d, ' bbbl .|.|.|.|.|.|.|.|.|.|.|.|.|.|.|.|.|.q u.|.|..|..|.|..|..|.|.|.|..|.|.4.|..|.|..|.4..|.|., .
Exon Intron = Exon | Intron Exon Intron  Exon
Pre MANA 9 c bbbl u.l.l.l.l.l.l.hu.l.l.u.l.l.l., ,.t.l.l.a.l.i.l.a.l.n.u.a.l.n.l.u.l.l.l. e 1
5 s/ Exon Exon | Exon Exon 3 uTr Poly(A) tai
CinalspliceOmRNA YT e— k‘illllllllllllllllllw% bbbk 9
5 1R 2 UIrR Paly(A) ta
Polypeptide
° —
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MRNA Splicing

Inlcude Polypeptide C Exclude Polypeptide C
DNA Promotor Gene
| -- m e T
’.\\\*,d/,/‘-\\\‘d, ' bbbl .|.|.|.|.|.|.|.|.|.|.|.|.|.|.|.|.|.q u.|.|..|..|.|..|..|.|.|.|..|.|.4.|..|.|..|.4..|.|., .
Exon Intron = Exon | Intron Exon Intron  Exon
Pre MANA 9 c bbbl u.l.l.l.l.l.l.hu.l.l.u.l.l.l., ,.t.l.l.a.l.i.l.a.l.n.u.a.l.n.l.u.l.l.l. e 1
5 s/ Exon Exon | Exon  Exon 3 UTn Poly(A) tai
CinalspliceOmRNA T ——— x‘:llllllllllllllllllw% bbbk 9
5 1R 2 UIrR Paly(A) ta

|
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Protein Coding

49

Promotor Gene

Pre MRNA 9 cmmeebd bl L

oy

T T ——T— }
emen—— Se——— |
Exon Intron Exon Intron Exon Intron  Exon
TN AT TTETTTEIETI 3
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Pre-mRNA Splicing
—M—Lf B e

Constitutive splicing

B
Exon skipping

4—&—/—\—Q——

Intron retention

~—%—~ ——

Mutually exclusive exons

AM—&—— EE— e

Alternative 5’ splice site

A—Q—A\—A—— BN

Alternative 3’ splice site

ol
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Pre-mRNA Splicing

RNA Splicing: catalysed by a large ribonucleoprotein (RNA & Protein)
complex called the spliceosome

The spliceosome is a highly dynamic assembled by sequential binding
and release of the small nuclear RNAs (snRNAs) and protein factors

that can influence spilicing.

Alternative splicing factors can produce a large diversity of protein
products from one gene
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Pre-mRNA Splicing

Exon 4 Exon 6 Exon 9 Exon 17 Exon 19
12 alternatives 48 alternatives 33 alternatives 2 alternatives ~  Exon 23
DNA l'
RN W\ ~ A A AMAMAMAAMAMA
splicing 1 /
Protein

g2 Ig3 g7

™

Drosophila Dscam: 38,016 different peptides from one gene
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Post Transcription regulation of RNA

53

Transcription

DNA
Pol Il

Pre-mRNA
3’ cleavage and Nucleus
5" capping polyadenylation
Splicing PABPN
Capping— \‘- b
enzyme r\/\{\/ TAAND 44]4—;@';\’3’}
“CPSF
Cytoplasm

Spllceosome

Nuclear export

mRNA PABPC

%M‘ ;4AAP~‘*@ -

. Deadenylatlon

Degradatuon

Translation
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Post Transcription regulation of mRNA

Transcription

DNA
Pol Il

Transcription control

Pre-mRNA
3’ cleavage and Nucleus
5 capping polyadenylation
Splicing DABPN
RNA processing control —— - = —
enzyme \/ ! A%’qAAA M"AAAM‘
m’G “CPSF
Spliceosomé Cytoplasm
RNA transport Contro| —
Nuclear export
mRNA PABPC |
AL, G, 2
Translation %“.%Q <
o = Deadenylation

Translation control

W 44’

Degradation

oy
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Cloning

Animal being cloned (donor)

Skin cells
from adult

.

Electric pulse
causes skin cell
to fuse with egg

Fused cells

Cell division

o Unfertilized egg
without nucleus

Unfertilized egg
removed from female

Adull female
Early-stage embryo
implanted in
surrogate rmother

Cloned animal

Surrogate mother

Genetically identical to donor

ol
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Cloning

Inefficient. Multiple surrogates and many cloned embryos to achieve a single
successfully cloned animal.

Can be useful for valuable agricultural animals and rare species. Used
extensively for pets (~40K CHF to clone your dog)

Seems safe — clones and their progeny have normal lifespan and no seemingly no
adverse health issues

Proposals to clone extinct animals (e.g. Wolly Mammoth) rarely talk about the
number of surrogates required, in addition to other ethical issues.
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Outcome not guaranteed
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