Where Do We Come From? What
Are We? Where Are We Going?

French: D'ou venons-nous ? Que sommes-nous ? Ou allons-nous ?

Artist  Paul Gauguin
Year 1897-1898



A Common Language through Lives

Second letter
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Central Dogma of Molecular Biology

CENTRAL DOGMA : DNA TO RNA TO PROTEIN

DNA RNA

Protein

Transcription

>

Translation

Reverse
transcription

-
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- L]
-----------------

Replication



*In RNA, the sugar is ribose.
*In DNA, the sugar is deoxyribose.

NH, NH,
N - f’J::x : % e T
e g s N
LW 1
N ~N7 “NT SO
“20,POCH, “20,POCH,
OH OH OH

Adenosine 5'-monophosphate (AMP) Deoxycytidine 5'-monophosphate (dCMP)
(a ribonucleotide) (a deoxyribonucleotide)
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Cytosine—Guanine
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DNA Double Helix Structure

Sugar Phosphate
Backbone

Nitrogenous 3.4nm
Bases

Major Groove

Minor Groove




Chemical Bond Energy

Table 7.1 Average Bond Dissociation Energies

Bond
C—H
L
C—N
C—0
C—Ci
Cl—Cl
H—ILl

Bond Dissociation
Energy
kcal /mol (kJ /mol)

99 (413)
83 (347)
73 (305)
86 (358)
81 (339)
58 (243)
102 (427)

Bond

N—H
N—N
N—CI
N—0
H—H
0—H
0—C

Bond Dissociation
Energy
kcal /mol (kJ /mol)

93 (391)
38 (160)
48 (200)
48 (201)
103 (432)
112 (467)
49 (203)

Bond
H—
C=C
C=0*
0=0
N=—=0
0=N
N=N

Bond Dissociation
Energy
keal /mol (kJ/mol)

147 (614)
201 (839)
178 (745)
119 (498)
145 (607)
213 (891)
226 (946)

*The C=0 bond dissociation energies in C0; are 191 kcal /mol (799 kJ /mol).



Hydrogen Bond Energy

Table 3.1 H-bond and its bond strength.

H-bond Bond Strength (kcal/mol)
F—H-----F 7

O-H-----0 45-7.6
O-H----N 4-7
C-H-----pi electrons 2-4
C-H-----0 2-3
N-H-----O 2-3
N-H-----N 13

Strong hydrogen bonds of 20-40 kcal/mole

Weak hydrogen bonds of 1-5 kcal/mole

Normal hydrogen bond 3 - 12 kcal/mole



Disulfide Bond Energy

Cysteine Cystine
o, ﬁﬂi fI'O'z
+ I + +
2 NHy—C—H —— NHr(IZ—H NH—C—H
CH2SH CH;—S—S —CH;
Disulfide bond

Fig: Disulfide bond in protein

This bond length is 2.2 A and bond energy is 60
kcal/mol.



Chemical Bonds & Interactions

“Bond energy is the amount of energy needed to separate two bonded o interacting atoms under physkological conditions.



Thermal Energy

E=3/2 RT
R= 1.987 cal/mol/K

E=3/2 1.987 x 300 ~ 0.9 Kcal



THE CHEMICAL STRUCTURE OF DNA

THE SUGAR PHOSPHATE ‘BACKBONE' WHAT HOLDS DNA STRANDS TOGETHER?

BASE BASE BASE DNA strands are held together by hydrogen bonds between bases on adjacent
strands. Adenine (A) always pairs with thymine (T), while guanine (G) always
pairs with cytosine (C). Adenine pairs with uracil (U) in RNA.

H

kY
N N=H=====-0
rx
N /o\ N H—n €N
DNA is a polymer made up of units called nucleotides. The nuclectides are ‘11{
made of three different components: a sugar group, a phosphate group, and a

N= N
base. There are four different bases: adenine, thymine, guanine and cytosine.

o N

Om THYMINE FROM DNA TO PROTEINS

NH,

The bases on a single strand of DNA act as a code. The letters form three letter
H N \ codons, which code for amine acids - the building blocks of proteins.
N7 N : .
k I /> TRANSCRIPTION TRAMNSLATION

N

An enzyme, RNA polymerase, transcribes DNA into mRNA (messenger
ribonucleic acid). It splits apart the two strands that form the double helix, then
reads a strand and copies the sequence of nuclectides. The only difference

between the RNA and the original DNA is that in the place of thymine (T).
another base with a similar structure is used: uracil (U).
(6) cuanive JC) cviosine
o DNA SEQUENCE 0000000000600
H OY

HN | />
HZN/L\\N N

N\ NH2 mRNA SEQUENCE ([ oo . Gaooooe _ o

AMINO ACID Phenylalanine Leucine Asparagine Praline Leucine

In multicellular organisms, the mRNA carries genetic code out of the cell
/ nucleus, to the cytoplasm. Here, protein synthesis takes place. ‘Translation’ is the
process of turning the mRNA's ‘code’ into proteins. Molecules called ribosomes
carry out this process. building up proteins from the amino acids coded for.

© Andy Brunning/Compound Interest 2018 - www.compoundchem.com | Twitter: @compoundchem | FB: www.facebook.com/compoundchem
This graphic is shared under a Creative Commons Attribution-NonCommercial-NoDerivatives licence.




B sl DNA replication

Original DNA
G’IM l I' I Topoisomerase
Lagaing stand Okazaki - /l
i fragment  RNA Primase

primer : =
Helicase — =

L y 1“““ I

Leading stand

| R

Parent DNA




https://youtu.be/TNKWgcFPHqw
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BASE SELECTION 104-10°

DNA REPLICATION FIDELITY 10-10
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® Methylation
- Acetylatation
® Phosphaorylation

® Ubiguitination

Nucleoson;e “bead”
(8 histone molecules +
146 base pairs of DNA)

e P e, %

https://www.slideshare.net/jannatiftikhar/role-of-histone-in-dna-packaging




DNA

30 nm

H1 histone

DNA Histone
octamer

H1 histone

—_—

Nucleosome




DNA
Nucleosomes
Scaffold

30-nm solenoid



1

At the simplest level, chromatin

is a double-stranded helical DNA double helix

structure of DMA.,

gﬂ“‘f‘””’“ﬂ”wwWWJLWW\

L7

3

Each nucleosome consists of
eight histone proteins around
which the DMA wraps 1.65 times.

to form nucleosomes.,

DMNA is complexed with histones

Mucleosome core of 3

2 nm

eight histone molecules

&

... that forms loops averaging
300 nm in length.

300 nm

2 250-nm-wide fiber

.......

700 am

The 300-nm fibers are
compressed and folded to
produce a 250-nm-wide fiber,

LIVY

H1 histone.

A chromatosome consists
H1 histene of a nucleasome plus the

> ™ Chromatosome

The chromatosomes
fold up to produce
a 30-nm fiber...

30 nm

8

Tight coiling of the 250-nm
fiber produces the chromatid
of a chromosome,

1400 nm




Chromosome
Centrosome

. | Telomere
| 'GGGATT
Guanine
Adenine P(l .
Thymi
ymine C

Cytosine CCTAA



Telomere

A | Q‘ 41‘), / llp 1“’ ( {

Telomerase

Telomersseindsto3' [TTTTTTTTITTITTTTTITTTTTTTTITITIIITIT
end of the telomere ’ y g RNA
sequence, along with L|.|.L|.|.|J.|.L ' |.|.|.|.|.LL|.|. ' LLLLUJ.U. g

Template
an RNA template

e cotrsey TITTTTTTITITITTITITITITITITITITTTTTITITITITE
the addition of bases, .
restoring the Telomere  LLLLLLLLLL - ALLLLLLLERRLLUUL  LELELELEEL

length. l

ONA polymerase extends - [TTTTTTTTTTTTTTTTTIT LTI TOOT LTI ITIT
and seals the DNA strands I“[”””I ”””””I [””]””“””””““”

ar

Telomeres
shorten as
cells divide



Triple and Quadruple Strained DNA

B. Holliday Junction| C. G-Quadruplex | D. i-Motif




DNA G-quadruplex (G4)

(€

Trends in Chemistry

Trends in Chemistry, February 2020, Vol. 2, No. 2 P123

(A)

(8)

e a® g R 2
(0_—) MM41 Pyridostatin

= =

=pN N § — O TiO™
\;—:J\’ .}"0 N A =
_N N H ’_j N ot
oﬂs &h{
- PhenDC3

Trends in Chemistry
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‘\H\o o 5
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(A) Fluorescence microscopy (B) G4-seq (€ Permanganate footprinting

1. Read: reference DMA Polymerase
S
Template DNA
melt and
remove
- 1. reprime = o

* ligand treatment .}/' 2. G4 stabilizer ; :h'lrlz,mcl;iiatl :;n ’
= helicase depletion o, @ . nuclease digestio

. 2. Read: G4 stabilizing conditions

Polymerase stalling 51 nuclease

(0) ChiP-seq of G4 binding proteins (€} ChIP-seq of DNA damage markers  (F) G4 ChiP-seq

G4 binding
protein

DNA damage
Trends in Chemistry



Polymerase
movement

e g

RNA POLYMERASE

Coding
strand

Rewinding
of DNA

Unwinding
of DNA

’&.,“p DOV

Nucleotide being added
to the 3’ end of the RNA

’

strand

RNA
5!‘
RNA-DNA s
Promoter Tempiate hybrid region
o —

TATA box start point Template
DNA strand

Transcription @
factors J\

«@a

RNA transcript

Transcription initiation complex



DNA

promoter

RNA polymerase

nontemplate strand

template strand



activator protein

ERERERR ﬁ
! 0%
enhancer BINDING OF start of
(binding site for GENERAL TRANSCRIPTION transcription
activator protein) FACTORS AND
RNA POLYMERASE

activator protein

general transcription
factors

4
|
\

X

- TRANSCRIPTION BEGINS

©1998 GARLAND PUBLISHING



Polyadenilation
signal
5'-cap e Poly(rA) tail

L ™ T WY
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11 DIFFERENT TYPES OF RNA IN A CELL

Messenger RNA Ribesomal RNA

WWW . BIOLOGYEXAMS4U.COM



Post Transcription Modification of RNA

1. RNA capping
2. PolyAtall
3. Splicing

RMA-coding sequence

o I |

Promater

Transcription by RNA palymerase [1.
Addition of 5° cap when 20-30
nucleotides of pre-mRNA made
Addition of 3" poly(A) tail,

L)

Cap Exon Infrcn Exon Intron Exan Paly(A) tall

Pre-mRNA 5 Ul je=i | I 2aanans. 3
5 UTR RMA splicing: 3 UTR
introns remowvad

T
Protein-coding sequence

mRMNA 5 (Ol | LYY

Tranzlation

Polypeptide



[ Alternative Splicing ]

1 2 3 4 5 1 2 4 5 1 2 3 5
MRNA ittty -t e e B — e
Translation Translation Translation

Protei A Protein B Protei C



Upstream regulator

tRNA

tRNA level  charged ratio Amino acids  Translational

level

Jgt's"' oL %% ol P Ly f"v‘.::fl

A /..‘vv\_,

site Site  site

5 UTR

— i) oo
Deadenylation RNAlevel  protein level
Decay

Protein folding

Downstream effects



DNA Methylation and Histone Acetylation

KHa

LT et [ S e

IR VIR T H! E ' & [T
calice BUNER ] [~~” 0w oo ”
L . L | methylahon [

H H
DMA {unmethylated) DMNA imethylated) cylosine S-methylcytosine

chromatin gene “swilched on”
(complex of DMA and histones) - active (open) chromatin
- unmelhylated cytosines
RNA - acetylated histones

h

gene “switched off”
M - silent {condensed) chromatin
- methylated cytosines

- deacetylated histones

acetylation [

histone modifications
(nuclecsome)

| deacetylation [,




* Aging
* Diet

Histones are proteins around which
DNA can wind for compaction and
gene regulation.

EPIGENETIC MECHANISMS

are affected by these factors and processes:
* Development (in utero, childhood )

* Environmental chemicals
* Drugs/Pharmaceuticals

DNA methylation
Methyl group (an epigenetic factor found
in some dietary sources) can tag DNA

and activate or repress genes.

CHROMATIN

HEALTH ENDPOINTS

» Cancer

+ Autoimmune disease
+ Mental disorders

+ Diabetes

EPIGENETIC
FACTOR

o,

GENE ¢ HISTONE TAIL

R

HISTONE
DNA inaccessible, gene inactive

k]

HISTONE TAIL %
__ 7

DNA accessible, gene active

Histone modification

The binding of epigenetic factors to histone “tails”
alters the extent to which DNA is wrapped around
histones and the availability of genes in the DNA
to be activated.



First letter

RNA Sequence

UUU |

Uuc

UUA ]

UuG

CUU |

CuUC
CUA

CUG |

AUU
AUC
AUA
AUG

GUU
GUC
GUA
GUG

- Phe

- Leu

* Leu

-lle

Met

Val

Second letter

C

UCU |
ucc
UCA
UCG |

CCU ]
CCC
CCA
CCG |

ACU ]
ACC
ACA

ACG |

GCU |
GCC
GCA
GCG |

. Ser

+ Pro

r Thr

+ Ala

A

UAC
UAA
UAG

CAU ]
CAC
CAA
CAG

AAU ]
AAC
AAA

AAG |

GAU ]
GAC
GAA

GAG |

UAU }T :

Stop
Stop

- His

- Gin

" Asn

Lys

- Asp

- Glu

- Ser

- Arg

Gly

M>r»»0C H>0C QPO0OC QX0 C

18)8| pAuL



RNA S Ael i 8y uunippouual

Base G CUACGGAGCUUCGGAGCUAAG

Codon Codon1 Codon2 Codon3 Codon4 Codonb Codoné Codon 7

Aminoacid  Alanine Threonine Glutamate Leucine Arginine Serine Stop

Second letter

u c A G

UuU ucu? UAU UGU U

’ T s e e Uac ¥ |ogeJors | ¢

UUAY, o, | UCA UAA Stop|UGA Stop| A

UUG i) UAG Stop|UGG Trp |G

CUU el CAUY, s |COU U

@1 ]2 [ 2] A i, 2 e
= [ cua [ | cca [PrO N A LAl g
£| |cuc) Tor) CAG EEB G| &
o 5 E N -
% AUU ACU AAU | AGU Ul =
i | o|AUC tile |ACC | AAC JAS AGC}Ser c|E

AUA | ACA AAAY |y [AGAYarg | A

AUG™ Met |ACG]  |AAG AGG G

GUU <l GAUY 5 | GGU U

el GuUC |\ |6CC |, [GACT™P [Goc],, [C

GUA GCA GAAY g, |GGA[TY | A

Hilel] Helel) GAG Sele G
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binding site
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Anticodon Y
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(a) (c)



Self-Assembly Process in
Nature

Old Old

v

Ulj«;-{C

5'[cap [AUGAGAUACCAAGAACCUACCAAGGUAGAGCUUUAGCCCG[AAAAAAALAAALA] T

Old New New Old



REPLICATION
RNA

METABOLISM
rTCA CYCLE

. Acetyl-CoA

Oxaloacetate

Succinate Citrate

2-Oxoglutarate

CO2 CO2

Definition of Life
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Tungsten electrode

I Spark discharge
STARTING

MATERIALS ‘i
OF MILLER'S ‘“U\

EXPERIMENT

Flask

Gaseous mixture
(CH, + NH, + H, + H,0)

—>

Water out
H Condenser

<+— Cold water in

\ INTERMEDIATE
PRODUCTS

: OF MILLER'S
-ﬁ\\ EXPERIMENT

FINAL

2 ———— Agueous medium
PRODUCTS Boiling water containing organic
OF MILLER™S compounds
EXPERIMENT
T~ Tapfor
withdrawing
] sample

Fig. 6.1 Diagrammatic representation of Urey-Miller’s

experiment



RNA World

Ribozyme

RNP enzyme

RNP enzyme with
\ / new RNA functions

Ribozyme _
+ peptides Protein enzyme

Cell 2009 136599-602DOI: (10.1016/j.cell.2009.02.002)

Terms and Conditions



http://www.elsevier.com/termsandconditions

de-wetting
unilamellar
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surface adhesion 7 N
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Scattered Building
building blocks on
blocks membranes The firstcells

S ne s o
see @ o0
protein

membrane membrane

3 —~ @) - %55 (@8
D-9-Wis

Cells with 4Fe-4S Cells with tandem Cells with divergent Modern cells
hydrothermal vent peptides 4Fe-4S repeats 4Fe-4S repeats




1. Synthesis
2. Accumulation

3. Concentration

5. Distribution

6. Adaptation

yeT

Bl 7. Colonization

a7 [2qo|9-P o Ale3-9 ~ ayi-aud-q  soluebip-e



PCR : Polymerase Chain Reaction

30 - 40 cycles of 3 steps :

m‘«ﬂﬂ‘ "m'ﬂu‘ Qﬂ" ‘“oﬂ} . Step 1 : denaturatiné

T I minut 94 °C
T

lini 13 Step 2 : annealing
3 Ly TS

j% 45 seconds 54 °C
i T jr

forward and reverse
5 primers !!!

¥ Step 3 : extension g

~ 3 <UL lUJ.UJJ_l_LUJllLLLI

e | 2 minutes 72 °C
l h only dNTP's

i i AT '




Polyvmerase Chain Reaction: Cycle Three

| IETLEERL!

| 1 Lt 1
il

- ALV ERLLE

e
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https://www.youtube.com/watch?v=JRAA4C20Pwg
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wanted gene

Exponential amplification

=< 3thcycle

— { Indcycle

|
/\

Isteyele e = 35th cycle

template DNA

|
A
AN AAAA A

=<

2 =

L

4]
4 copics B copies 16 copies 32 copies 2 =68 hillion copies

{Andy Vierstracte |999)




Real-time PCR
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Coycles | e

https://www.youtube.com/watch?v=1kvy17ugl4w



https://www.youtube.com/watch?v=1kvy17ugI4w

falad)]

! careful assay design

RNA sample
/
%w ’
b
—
! total RNA amount
1. step: reverse transcription
% ': s + ! rev. tr. together %'ﬁ@ ] +
e =

! amplification efficiences
for relative quantification

| DNase treatment

-

2. step: real-time PCR reaction

\ forward primer \ forward primer
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B PROTOCOL OF SARS-COV-2 DETECTION USING REAL-TIME RT-PCR

(Target gene » RdRp gene (Corman et a(. 2020)
PCR amplification regions nCoV_IP2/12621-12727and nCoV_IP4 /14010-14116 (Institut Pasteur, Paris)

_\

Primer sets and probes - designedbased on the first sequences of SARS-CoV-2 available on the GISAID database)

RNA extraction » NucleoSpin® RNA Virus or viral RNA mini kit (QIAGEN)

)

Sample lysis Binding of viral RNA Washing Elution of viral RNA

5 minincubation of sample  Ethanol addition and transfer of 1t Wash Buffer (high salt concentration) Elution in 20-50 ul RNase-
in Lysis Buffer containing lysate to Column 2nd Wash Buffer (low salt concentration) ~ free water or Elution Buffer
Proteinase K

\ 5
Real-time Multiplex RT-PCR (Institut Pasteur, Paris) N
Amplification Cycles (Lightcycler System)
Multiplex Mix (nCoV_IP2&IP4) Denaturation amplification Cooling
Sample RNA 5ul : X 50 1
H20 1.3 ul ‘ '
Reaction mix 2X 12.50 pl 95°C l
MgS04 (50mM) 0.40 pl 3 min |
Forward Primer1 (10uM) 1.00 pl |
Reverse Primer1 (10uM) 1.00 pl e
Forward Primer2 (10uM) 1.00 ul traii‘girsﬁon
Reverse Primer2 (10uM) 1.00 pl £
Probe 1(10uM) 0.4l 55°C
Probe 2 (10uM) 0.4pl ===~ 20 min
Superscriptlll RT/Platinum Tag Mix 1.00 pl
POSITIVE CONTROL
Positive control for real-time RT-PCR is the in vitro transcribed RNA derived from strain BetaCoV_Wuhan_WIV04_2019.
The transcript contains the amplification regions of the RdRpand E gene as positive strand.
N v,

References

1. Institut Pasteur, Paris. « Protocol: Real-time RT-PCR assays for the detection of SARS-CoV-2 », OMS, 2 mars 2020.
2.Corman VM. Landt O. Kaiser M. et al. Detection of 2019 novel coronavirus (2019-nCoV) by real-time RT-PCR. Euro Surveill 2020:25.
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DNA Sequencing

4 x PCR (+ one dideoxynucleotide)

g

Use a
seqguencing L
['] I i
DNA sequence

3

| e B B o B
N B B S Separate
with a gel

M & & 7

B &



DNA Sequencing

DNA DENATURATION

https://www.youtube.com/watch?v=vK-HIMaitnE



https://www.youtube.com/watch?v=vK-HlMaitnE

Dye Terminations

0006006000660

—

Extension rmay incorporate
labeled or unlabeled ddrTP

9,0.0,6.00606,0006060
@)

O0NGEOGEONGEO

Extension

continuesin
unlabeled strand

Extension mayincorporate
labeled or unlabeled ddrTP

2@0@@@@@@@@@@
2 Y
6,006606600060
X

Extension

continues in
unlabeled strand

Extension may incorporate
labeled or unlabeled ddMTP

ﬂg@@@@@@@@ﬁ@d’
0.0 %

O’O}NGGBGGGBGGG
Extension (. )(2)(7)
continues in
labeled d
I 0,0,066066000660
(2 XaXDE)

Extension may incorporate
labeled or urlabeled ddNTP

9,006606.06000606.0
0.0.6
0.9.0,66006600060
D006

i 3/
Extension 0

continuesin
unlabeled strand

Extension mayincorporate

? 0,00 0660006 ‘Iaheled or urlabeled ddmTP

Extension

continues in
unlaheled strand

Etc...

6,0.06.0060606006060
@) —)

0,6,06,6.0.6,600006,0
0.0 —)

0000000000000
a&aﬁgllllllll

DA Fragrents with Dye Terminators
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Human Genome Project

Hierarchical shotgun seguencing

Genomic DNA

BAC library

Organized
mapped large

clone contigs

BAC to be
sequenced
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clones f' —dr— 2 -
Shotgun « . JACCGTRRATGEGCTGATCATGCTTARA
sequence TGATCATGCTTAMACCCTGTGCATCCTACTG. . .

Assembly ...RCCGTRARRATGGGCTGATCATGCTTARACCCTGTGCATCCTACTG. ..

1990 15-year project 3B USD
20 groups
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NGS lllumina
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| Closing in on a complete
human genome p.42

The current version of the human
genome reference assembly,
GRCh38.p14 (GRCh38), has
millions of bases represented by
the letter “N,” which means that
the actual base residing at that

location is unknown.
There are also 169 sequences that

cannot confidently be ordered or
oriented within the assembly,
typically owing to their repetitive
nature

Until recently, limitations of
sequencing technology, primarily
that the sequencers could read no
more than about 1000 bases at a
time,

The HGP opted for a more
structured approach. This involved
cloning genomic DNA into pieces
that could be grown in bacteria
(clones) and indexed in 96-well
plates. Clones from these libraries
were first mapped to chromosome



An important attribute of the
human reference assembly is that
the source DNA was derived from
A more complete reference . T
The new human Eenome assembly, T2T-CHM13 from the mu ltl ple Ind IVId UaIS.

Telomere-to-Telomere Consortium, includes complex and repetitive
regions of chromosomes that had not been included in previous
versions of the human genome assembly (GRCh38). Although the Y

chromosome remains to be completed, this new reference could be When tWO C|0nes from different
annotated with regulatory regions, variants, and sequence diversity . L.
to give a fuller picture of human genomic variation. hapIOtypeS Of an IndIVIdual are
Chromosome 1 adjacent in the reference assembly,
GRCh38 .
oS this can cregte sequence
Dl | e —— | €P€SENtatiONS that are not
. found in th lati
Sample 2 i normally found in the population
Sample 3 i ]
This individual has This individual This individual T2T Consortium e”minated the
an extra copyof a is missing a has a sequence . ’ . .
sequence that is sequence that is 1 thatis notin pr0b|em Of a”e“C d|VerS|ty by
in the reference. in the reference. the reference.

sequencing the genome of a cell
line derived from a complete
hydatidiform mole (CHM).

This is duplicated so that the cell contains
two copies of the same parental genome

A next-generation human genome sequence, Volume: 376, Issue: 6588, Pages: 34-35, DOI: (10.1126/science.abo5367)



Genome sequencing

February 2001 - Publication of the first draft of the human genome
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1996 2002 2003 2005 2009 2016 2019

Bermuda First genome- First reference First commercial Launch of the Human Launch of the Launch of the
Principles wide association genome next-generation Heredity and Health Human Cell International Common
established study (GWAS) “completed” sequencing (NGS) in Africa initiative Atlas (HCA) Disease Alliance (ICDA)
|
| T — | |

=0 P QOO Qs Qs QO .
1995 20,90 'I‘ 2005 2010 2015 T 2020

| | | J |
2000 2000 2003 2004 2007 2013 2018 2021
First draft Launch Fort Lauderdale  Epidermal growth factor receptor  Launch of 23andMe and First phenome- Demonstration of utility First full genome
of genome  of Genome  Agreement (EGFR) mutations predict other direct-to-consumer  wide association  of polygenic risk scores sequence
released Browser established response to EGFR inhibitors genetics companies study (PheWAS)  for common diseases completed

Bermuda Principles

«Automatic release of sequence assemblies larger than 1 kb
(preferably within 24 hours).

sImmediate publication of finished annotated sequences.
*Aim to make the entire sequence freely available in the
public domain for both research and development in order to
maximise benefits to society.
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Whole-genome shotgun
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Cloned genomes

Multiple genames are sheared
into variable sized segments

Unordered sequenced
segments

Computational autemated
assembly

Resulting overapping sequence
segments. (The higher the
coverage the better the quality
of the sequencing.

Owverlapping sequence segmaents
combined to construct the ‘/1

¥ v 4 3
ooy
SEZ= T

\\ ATGTTCCGATTAL ABRCTGTTTCATTCAGTAAAMAGGAGGAANTATAA

GeENOME Consensus,

Cloned genomes

Genome divided into large
segments of known arder,

Ordered genome
segments

ple genome 5 ane
sheared into variable sized
segments

Unordered sequenced
segments

assembly

Resulting overlapping
sequenced segments, (The
higher the coverage the better
the quality of the sequencing.

Overlapping sequences
segments combined to construct
the genome consensus.
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