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MpoKaPUWTLKA yoviSLwpata
Haemophilus influenzae: 1,8Mb

Nolpwén avarmnveuotikoL

Whole Genome Random
CIEN( Sequencing and Assembly of

e Haemophilus influenzae Rd _
Robert D. Fleischmann, Mark D. Adams, Owen White, Rebecca A. Clayton, 1 . 74 3 L8 l-e an O R FS QVTLOTO LXO 0 \

Ewen F. Kirkness, Anthony R. Kerlavage, Carol J. Bult, Jean-Francois Tomb,

Brian A. Dougherty, Joseph M. Merick, Keith McKenney, Granger Sutton, 5 4 t R N A S . OTO ~9 0% TOU

Will FitzHugh, Chris Fields," Jeannine D. Gocayne, John Scott, Robert Shirley,
Li-Ing Liu, Anna Glodek, Jenny M. Kelley, Janice F. Weidman, Cheryl A. Philips, 6 r R N A S v oV l.6 L d) I"l oTO q

Tracy Spriggs, Eva Hedblom, Matthew D. Cotton, Teresa R. Utterback,
Michael C. Hanna, David T. Nguyen, Deborah M. Saudek, Rhonda C. Brandon,
Leah D. Fine, Janice L. Fritchman, Joyce L. Fuhrmann, N. S. M. Geoghagen,
Cheryl L. Gnehm, Lisa A. McDonald, Keith V. Small, Claire M. Fraser,
Hamitton O. Smith, J. Craig Ventert

An approach for genome analysis based on sequencing and assembly of unselected
pieces of DNA from the whole chromosome has been applied to obtain the complete
nucleotide sequence (1,830,137 base pairs) of the genome from the bacterium Hae-
mophilus influenzae Rd. This approach eliminates the need for initial mapping efforts and
is therefore applicable to the vast array of microbial species for which genome maps are
unavailable. The H. influenzae Rd genome sequence (Genome Sequence DataBase ac-
cession number L42023) represents the only complete genome sequence from a free-
living organism.



Escherichia coli: 4,6 Mb

Hl ARTICLE

1997 The Complete Genome Sequence of
Escherichia coli K-12

Frederick R. Blattner,” Guy Plunkett Ill,* Craig A. Bloch, Nicole T. Perna, Valerie Burland,
Monica Riley, Julio Collado-Vides, Jeremy D. Glasner, Christopher K. Rode, George F. Mayhew,
Jason Gregor, Nelson Wayne Davis, Heather A. Kirkpatrick, Michael A. Goeden, Debra J. Rose,

Bob Mau, Ying Shao

The 4,639,221-base pair sequence of Escherichia coli K-12 is presented. Of 4288
protein-coding genes annotated, 38 percent have no attributed function. Comparison
with five other sequenced microbes reveals ubiquitous as well as narrowly distributed
gene families; many families of similar genes within E. coli are also evident. The largest
family of paralogous proteins contains 80 ABC transporters. The genome as a whole is
strikingly organized with respect to the local direction of replication; guanines, oligo-
nucleotides possibly related to replication and recombination, and most genes are so
oriented. The genome also contains insertion sequence (IS) elements, phage remnants,
and many other patches of unusual composition indicating genome plasticity through
horizontal transfer.

The first 1.92 Mb (13, 14), positions
2,686,777 to 4,639,221 [in base pairs (bp)],
was sequenced from our overlapping set of
15- to 20-kb MG1655 lambda clones (15)
by means of radioactive chemistry and was
deposited in GenBank berween 1991 and
1995, Subsequently, we switched to dye-
terminator fluorescence sequencing (Ap-
plied Biosystems). In addition to greater
speed and lower cost, this new technology
avoided electrophoretic compression arti-
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To yoviSiwpa TOU TPWTOU EVKOLPUWTLKOU OPYAVLGLLOU

Saccharomyces cerevisiae = To TILO ATTAO EUKAPUWTLKO
yovibiwpa: 1,2 x 107 bp

6000 yovidia
* 5885 mMRNAs
* 140 rRNAs

» 275 tRNAs

* 40 snRNAs

Kwdikég aAAnAouyieg ~ 70% yoviSLwUaTog

4% TwV yovidiwv €xouv (LUKpad) tvtpovia




fovidbiwporta aoctovéUAwV

C. elegans = 9,7 x 107 bp
19.000 yovidia (pe p.o. 5 vtpovia to kabgva)
Kwdikeéc aAAnAouyiec =2 ~ 25% Ttou yoviSLwpoTog
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Arabidopsis

Ffovibwwpata putwv
Arabidopsis thaliana: 1,25 x 108 bp (oxeTika pkpo yovidiwua)
26.000 yovidta! (pe p.o. 4 wrpovia)
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To yoviSiwpa tov avBpwrnou
Human Genome Project (HGP)
ENAP=H: 1988
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WORKSHOP ON INTERNATIONAL COOPERATION FOR THE HUMAN GENOME PROJECT
VALENCIA DECLARATION ON THE HUMAN GENOME PROJECT

1. The members of the workshop believe that knowledge gained from mapping
and sequencing the human genome can have great benefit for human health
and wellbeing. Towards these ends, participating scientists acknowledge
their responsibility to help ensure that genetic information be used only to
enhance the dignity of the individual. They also encourage public debate on
ethical, social, legal, and commercial implications of the use of genetic infor-
mation.

2. The members endorse the concept of international collaboration for the pro-
ject and urge the widest possible participation of countries throughout the
world, within the resources and interests of each country.

3. The participants strongly encourage parallel studies of genomes of selected
animal, plant and micro-organism models in order to achieve a deeper un-
derstanding of the human genome.

4. The workshop urges coordination of research and information on complex
genomes among nations and across disciplines and species.

5. The workshop believes that information resulting from mapping and sequen-
cing of the human genome should be in the public domain and made freely
available to scientists of all countries.

6. The participants encourage continued effort to develop compatible genomic
data bases and networks and measures to ensure world-wide access to these
resources.

7. The workshop endorses The Human Genome Organization (HUGO) as the lead
body, in collaboration with other non-governmental and government organiza-
tions, to promote the goals and objectives addressed in this declaration.

October 24-26, 1988
VALENCIA (Spain)




STRATEGIES FOR SEQUENCING THE HUMAN GENOME
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O APIOMOZ TQN FONIAIQN EINAI ANAAOIOz ME THN NMOAYNAOKOTHTA?

MéyeBoc yoviSlwuatog AplOuOC yovidilwy
14Mb ~6.000
100Mb ~19.000
140Mb ~13.000
115Mb ~40.000
430Mb ~26.000
3000Mb ~20.000




H moAumAoKoTnTa TNG YEVETLKN G TTAnpodopiog

1. EVOAAOKTLKA CUVOPUOYN

\ Basic alternative splicing patterns

Exon skipping Alternative 5 splice site Alternative 3’ splice site
Mutually exclusive exons Intron retention
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Alternative first exons Alternative last exons
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2. Meta-peTappAOTIKEC TPOTIOTIOLNOELG

Phosphorylation cascades
are involved in many
signalling pathways

Various modifications regulate
microtubule function

N

O

Plasma-membrane
proteins can carry
N-glycans

The histone code
controls many
nuclear processes

Plasma-membrane proteins
can be linked to the membrane
by a GPl anchor

Jensen O. 2006. Nature Review Mol
Cell Biol. 7,391-403.

fovidia = C

|

Metaypada ~ 3-5 x C

|

MNpwteivec=10x C (?)

Polyubiquitylation
can induce protein
degradation

Nuclear and cytoplasmic

proteins can carry O-glycans

3. Emwvonon otnv apxLTEKTOVLKN opyavwaon Teploxwv (domains) tTwv mpwteivwyv



GenBank and WGS Statistics
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Genomes
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« > C 8 https:y//www.ensembl.org/index.html

BLAST/BLAT | VEP | Tools | BioMart | Downloads | Help & Docs | Blog

Tools BioMart > BLAST/BLAT > Variant Effect Predictor >
All tools Export custom datasets from Ensembl with Search our genomes for your DNA or Analyse your own variants and predict the
this data-mining tool protein sequence functional consequences of known and

unknown variants

Search

All species v | for

e.g. BRCAZ or rat 5:62797383-63627669 or rs699 or coronary heart disease

All genomes Favourite genomes
-- Select a species -- v W Human
- @ GRCh33.p12
o View full list of all Ensembl species SHill using GRCH3T?
o Edit your favourites

Mouse
n GRCm38.p6
Bl Zebrafish

= GRCz11



Laurasiatheria
Alpaca
American black bear
Cat
Cow
Dingo
Dog
Dolphin
Donkey
Ferrat
Goat
Hedgeshog
Horse
Leopard
Megabat
Microbat
Panda
Pig
Polar bear
Red fox

-- Select a species -

Vertebrates
(154 genomes)

Protists
(189 genomes)

<0®

@ecw

Bacteria
(44,000 genomes) @ @ Q
Fungi
(1,000 genomes)
J
Metazoa

(71 genomes)

& w ~

Plants
(57 genomes)

.
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SNPs (single nucleotide polymorphisms)
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~10 ekatoppUpla SNPs oto avBpwrivo yovidiwpa

~ 500,000 tag SNPs




| CNPs (copy number variation)

1p36.33

—
1p36. 23: — —
1p36.13 "
[ _—
1p343 2p22.3 —
-— —
1p3R.2 === ssssnssrsnns — | —
1p31.2 == 2pl5 * — — Spter Sosee
| f— — o [ R R ——
. 5p15.1 R
o= e =[G — R
1221_1-—-m-un.- — - | — 5p13.2 e
1132 — 2q12.2 = [— = gpo12
= — 4q13.3 « .-, — &p21.1
2g21.1 3 mmbe e p— 5q13.2 ¢ mumm#ts4s 011 1 0
— — = 4q22.1 =- 5qi4.1 .. 6913
— == —| 4q24 M- —
- |—" 5 .
1G25.1°* it 20311 . Sq13:33 = 4925 —|
f— ’ = — 4q28.1 s — 621
- —
— 2q32.2 WEmee 8023 = 5qe3.2 =
— [ 3025.1  j— = I p— 6022.33
— == 3q26.1 49313 iy -
p— 4qg32.1 —
.. 2q35 mmmeess Tl — — - o 6q24.3
19422 — —
LI «_ g 5t
1gaa® " 2q37.3 3929 4g35.2 .
7p22.3 .
7p21.1 =t_'“ [ 9p24.3 1.
 — Sp22 . — | | 11p15.4 —r Xp21.3
— [R— Gp22.3 ) — 3. . .
— - = = — 10 copies
| ; | J— 11p14.1 .
7q11.210 7 e — fm— — Xpi1.d
— ] 10q11.22 * mmive Mp11.2 -
— | - o —
N — S 1gi1 Sy Xq211 B
7Q21.12  — | m— — — 11g1e.3 " =2 « —1.
— 8321 13 —' f— — f— Xa21.32 o
TQ221 % ® Q21.2¢ puppessssssse  s— 10022.3 11q14.1 o e qet. —
e R R — 9921.33 . — 11g14.1 - Xge23
= = 9311 F=—=e = ey =8 Xgqes
— — Qq32'—" | —| 11q22.3 =' 9 — 12 Copies
Tq35 memmeses 8q24.20 —te  — | — 11q23.2 | ® XQ2T.2 © Emmmesesssssssss
7q36.2 T 9q34.28 t - —
12p13.33 s
S
12piz2 W,
- 13gi2.11 fEmEE § r W
— I 14q11.2 e ] 16p13.3 .
120133 — 1412 I esssssss it — 17p13.3 .
T— — - — p—
- 13q14.2 — — 15q133 — [ —_—
p— 139211 o _— ; — 16p112e . ats —
—] 13g21.31 mmm® — 5021.2 e po— [
12q21.32 — — J— | rea122 17q21.31 =
— —_ 2 o — o p—e
— 13g31.1 ot i — 15q24.1 8 —e 4 - 17021.32 ° 55
—_— — Q31,1  j— prm— — .
1202413 i *® — — 15G25.2 ¢ =——» —_— 17g23.3 - i
T— = f— — 17q24.3 ___* 5
— 1403232 T feessssss 15q263°_::"“ 16g24.1 g 17253 « . S
18p11.32 . 2
19p15.2 20p13 *
pi3. [ -
18g12.1 [, — 20p12.1 ., P
189123 .. o 20p11.1 » e == i o
18g21.2 =i, — — 21g21.1 S 22q11.23 « Tomee CREY
e [EC L) pp— 20013.2 — 2q22 -
T— — — —
22q13.33 ¢ e

5 & 7 o 1 2 3 Bl

lafrate et al Nat Genet 2004, Aldred et al Human Mol Genet 2005 DEFAT copy number DEFAS copy number




ig Cow assembly and gene annotation

Statistics

Summary

Assembly ARS-UCD1.2, INSDC Assembly GCA_002263795.2, Apr 2018
Base Pairs 2,715,837 454
Golden Path Length 2. 715837 454
Annotation provider Ensembl
Annotation method Full genebuild
Genebuild started Sep 2013
Genebuild released Dec 2015
Genebuild last updated/patched Oct 2018
Database version 9512

Gene counts

Coding genes 21,867
Non coding genes 521
small non coding genes 3,351
Long non coding genes 1,488
Misc non coding genes 372
Pseudogenes 432
Gene transcripts 43,947
Other
Genscan gene predictions 46,441

‘ Short Variants 938"13582

Structural variants 15,942



’ Goat assembly and gene annotation

Statistics

summary

Assembly

Base Pairs

Golden Path Length
Annotation provider
Annotation method

Genebuild started

Genebuild released

Genebuild last updated/patched

Database version

Gene counts

Non coding genes
small non coding genes
Long non coding genes

Misc non coding genes

Gene transcripts

Other

Genscan gene predictions
Short Variants

ARS1, INSDC Assembly GCA_ 0017044151, Aug 2016
2922 813,248
2,922 813,246

Ensembl

Full genebuild
Sep 2017
Mar 2013
Mar 2013
951

21,361
5688
2,623
2713
352

222
41,794

58,693
34,116,678



AvaAuon cucXEtionc o€ entinedo yovidbwwpatoc (GWAS)
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Metaypadwpoatiki (Transcriptomics)
Tautoxpovn peAETn nToAAwv/oAwv Twv dtadopetikwv mMRNAs
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Anopdvwon RNA
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AAAnAoUxnon RNA

fragmen-
tation
mRNA RT
sequence library
RT\_,
fragmen- -
tation

short sequence reads




Cells
U Extraction
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Subcellular fractionation

Npwteivwpatikn (Proteomics)

Proteins
Digestion
—_—
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Immunoprecipitation

Pull-down
Protein level fractionation

Peptides HPLC
N /7 separaton |\
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Peptide level enrichment (PTM)

Peptide level fractionation

Mass spectrometer
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Data analysis




MetapBoAouiki (Metabolomics)

4. Data analysis
Key: metabolite identification

3. Mass spectrometry
Key: sensitivity

2. Chromatography
Key: separation

1. Metabolite extraction
Key: rapid enzyme quenching
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Cells and media " Basis for specificity
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' AN e : : Mass resolution 2Men
= - o2 Basis for separation
N S \I ! Y GC : Volatility Triple-Quad: Lack of identification for
- - HILIC : Polarity Fragmentation most peaks
Clamp in Cold grinding RP : Hydrophobicity
Tumors liquid N2 & weighing



Modular organisation and
highly interconnected biological system

Gene regulatory  Protein-Protein

Metabolic m m o e
pathway interaction

pathways
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Proteome
Genetic information |nformation

storage == decoding == Output (Life processes)



