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Eicaywyn

BloTrTAnpo@opIkNn: TI Eival

H avatrtuén kai Xprion TEXVIKWYVY Kal EPYAAEiWV TTANPOPOPIKAC/HaBnuaTIKWV/
OTATIOTIKAG YIa TRV avAAucon BIOAOYIKWY OEDONEVWV (KUPIWGS HOPIaKN S BloAoyiag)

2NUEPA YiveTal DIAKPION METACU TNG PIOTTANPOYPOPIKAG Kal TNG UTTOAOYIOTIKAG
BioAoyiag
— BilotmrAnpogopikr: H avaTtrtu¢n nebodwy Kal TTpoypapuaTwy.
— YTmroAoyioTik BioAoyia:H xprion Twv Tapatravw peBodwyv Kal
TTPOYPANMUATWY YIa TNV avaAuon BIOAOYIKWY OEOONEVWV.

2 UXVva cuufaivouv kai Ta U0 TauTOXPOova Kal Ta ouvopa dev gival TTavTa
€UBIAKPITO

[MOAAEC KAl CUPTTANPWHATIKEC HETALU TOUG €10IKOTNTES (atTd BloAoyia, Bioxnueia,
XNMEIQ, XNUIKA MNXAVIKA, UNXAVIKI, UTTOAOYIOTEG, JABNUATIKA, OTATIOTIKA K.4.)
ouvepyadovTal CHPEPQ OTO XWPEO TNG BIOTTANPOPOPIKNG



Eicaywyn

BiotTAnpo@popIkn: Bacikoi TOUEIC

Baoeig dedopévwy (Databases)
— Opydvwon, atroBrikeuan, avalAtnon Twv OeOONEVWV.

AvaAluon akoAouBiwv DNA, RNA, TpwTeivwy. (Sequence analysis)
—  2T0iXIoN aKOAOUBIWV:2ZUYKPIOTN TWV AVTIOTOIXWV TTEPIOXWYV, METALU BUO 1) TTEPICCOTEPWV
OKOAOUBEIWV.

—  @uloyeveTikA avaAuon: O1 e€EAIKTIKEG OXETEIC ETAEU OMOEIDWY QVTIKEIMEVWYV (YoVvidla, TTPWTEIVEG,
OPYQVIOUOI).

ovidiakr puBuion/ékppacn (Gene expression)
AvdaAuon dedouEvwy atmd PJIKPOOUOTOIXIEG.

Aopnl RNA/mTpwreivwy (structural biology):

MpoBAewn deutepoTayoUs Kal TPITOTAYOUS OOUAGS. AVAAUGCT TTPWTEIVIKWY ETTIPAVEIWY TTOU
OAANAETTIOPOUV PETAEU TOUG.

ECoputn dedouévwyv atrd BipAloypagia (text mining).

BioAoyikd diktua/povoTtraria, BioAoyia ZuoTnudTwy.

OvTtoAoyieg (Ontologies)
H xprion evég eAeyxouevou Ae€ihoyiou (UE 1EpapxIkr) dOUNON), yia TNV TTEPIYPAPH TWV IDIOTATWY KAl
TWV AEITOUPYIWY OPOEIDWY QVTIKEIMEVWV (TT.X TTPWTEIVWV).



Bioinformatics Market - Advanced
Technologies, Global Forecast and
Winning Imperatives (2009 - 2014)

AtrooTTacpa aTo:
— http://www.marketsandmarkets.com/Market-Reports/bioinformatics-39.html

The market for bioinformatics platforms is growing at a significant pace with the
increasing demand from U.S. and Europe.

This trend is supported by the increasing demand for sequencing platforms with
increasing life science research using techniques such as gene expression analysis,
seguence analysis, and protein expression analysis.

The global bioinformatics market is expected to reach $8.3 billion by 2014 at a high
CAGR of 24.8% from 2009-2014. While knowledge management formed the largest
submarket is 2009 at $1.3 billion, the bioinformatics platforms market is expected to
have greatest market share in 2014 at an estimated $3.9 billion, due to rising demand
from the U.S. and Europe.

2 UMBOUAeUTIKN (douAeid atrd 1o oTTiT)?



XaunAG KOOTOC YEVWUIKWY TEXVOAOYIWY Ba
odNynNoel 0€ KOBNUEPIVEC EPAPUOYEC.

Ko6otoc adAniobyiong mé@tel dapKag.
— lllumina -> 1 lane: 19GBp, ~ €3000, 10 BakTnpIaKa yEVWPATA.
Ta dciyyaTta atrooTEANOVTAI O€ KEVTPA PE NEYAAEG EYKATAOTACEIC KAl

XAUNAG KOOTOG AsIToupyiag (oikovopia KAipakag). H avadAuon Twv
OEOOUEVWIV OUWG OEV UTTOKEITAI OE OPOUG OIKOVOMIAG KAINAKOG.

[MA€ov, Eva onuavTIKO JEPOG TOU OAIKOU KOOTOUG Eival N
BiotTAnpogopikry avaAuon.

Mnxaviuata aAAnAouxiong akpifa (lllumina ~ €600.000) - service
@TNVO.

MioB6¢ akpIBOC (iowg €va vEo JOVTEAO CUUPBOUAEUTIKAG?)

YT1roAoyioThC ¢TNVOC (€3-5.000), eppOoOV TTPOKEITAI VIO MIKPA
yovidiwuaTa (de novo assembly), i yia re-sequencing.



XaAPNAO KOOTOG YEVWMIKWY TEXVOAOYIWYV Ba
o0NYyNOE€l 0€ KABNUEPIVEC EQPAPUOYEC

« KooT1o¢ aAAnAouxiong
— http://www.genome.gov/sequencingcosts/

* O vopog Tou Moore TTPoBAETTEI DITTAACIATHO TNG UTTOAOYIOTIKNG I0XUG
KGBe dUo Xpovia.

$10,000




XaAPNAO KOOTOG YEVWMIKWY TEXVOAOYIWYV Ba

o0NYyNOE€l 0€ KABNUEPIVEC EQPAPUOYEC
+ KdoTog Gj\/)\l’])\OUXIO‘I’]Q / /
— http://www.genome.gov/sequencingcosts

Cost per Genome
$100,000,000 < m
$10,000,000 Moore's Law

$1,000,000 1

$100,000 {

] ““Hm“"l“H”H National Human
$10,000 A %w IGen'ome Research
: nstitute

genome.gov/sequencingcosts
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KUPIOTEPEC TEXVOAOYIEC
Sanger

454 pyrosequencing
Solid

lllumina
Pacific Biosciences

lon torrent / lon proton
Oxford Nanopore



Shotgun sequencing

\

Cloned genomes

Multiple genomes are sheared
into variable sized segments

Unordered sequenced
segments

Computational automated
assembly

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

Overl i (
ATGTTCCGATTA AACTGTTTCATTCAGTAAAAGGAGGAAATATAA | combined to construct the

genome consensus, ‘/

i )

Cloned genomes

Genome divided into large
segments of known order,

Ordered genome
segments

JUL

Multiple genome portions are
sheared into variable sized
segments

)|

Unordered sequenced
segments

Computational automated
assembly

mmmm | Resulting overlapping
sequenced segments. (The
=== higher the coverage the better
] the quality of the sequencing.

Overlapping sequences
ATGTTCCGATTA AA TTTCATTCAGTAAAAGGAGGAAATATAA segments combined to construct
the genome consensus.
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http://www.nature.com/nature/journal/v470/n7333/pdf/nature09796.pdf
A decade’s perspective on DNA sequencing technology
Elaine R. Mardis

Output per instrument run
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

| ‘

Platforms
ABI 3730x! 454 GS-20| Solexa/lllumin ABI SOLID Roche/454| lllumina GAllx, | llumina Hi-Seq
capillary pyrosequencer sequence sequencer Titanium, SOLID 3.0 2000
sequencer analyser lllumina GAll
L ]
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
f L I J ’ > 3
1,000
1,000 Genomes, Watson Genomes pilot
Draft human Human Microbiome genome and HapMap3
genome HapMap Project begins | ENCODE Project begins projects begin publication publications
ENCODE Project| First tumour:-normal Human genetic
pilot publications! genome publication syndromes publications

Projects and publications



Sequencing technologies

lllumina:
— XaunAotepn akpifela otnv avayvwplon Bacewv
Solid:

— TIOAAQ reads dev Talpldlouv roubeva oto yovidiwual

Roche 454 pyrosequencing

— AAGOn otov aplBud Twv BAcewv eVTOC UIAC TIEPLOXNC OMOTIOAUUEPWV
(r.x. AAAAAAAAAAAAAAAAA)

Sanger:
— xpelaletal oxeTIKA peydAeg moootntec DNA



Reads

Sanger: unkog: 1000-2000 bp

454: 450Mbp/run - unkocg: ~330bp

lllumina: 18-35 Gbp/run - unkog: ~75-100bp
SOLID: 30-50 Gbp/run - unkog: 50bp



Reviews o010 Next Generation Sequencing

Anal Chem. 2011 Jun 15;83(12):4327-41. Epub 2011 May 25.

Landscape of next-generation sequencing technologies.
Niedringhaus TP, Milanova D, Kerby MB, Snyder MP, Barron AE.
Department of Chemical Engineering, Stanford University, Palo Alto, California, USA.

PMID: 21612267 [PubMed - indexed for MEDLINE] PMCID: PMC3437308 Free PMC Article

http://www.ncbi.nlm.nih.gov/pubmed/21612267

Nat Rev Genet. 2010 Jan;11(1):31-48. Epub 2008 Dec 8.

Sequencing technologies - the next generation.
Metzker ML.
Human Genome Sequencing Center and Department of Molecular & Human Genetics, Baylor College of Medicine, Houston, Texas 77030, USA. mmetzker@bcm.edu

Abstract

Demand has never been greater for revolutionary technologies that deliver fast, inexpensive and accurate genome information. This challenge has
catalysed the development of next-generation sequencing (NGS) technologies. The inexpensive production of large volumes of sequence data is the
primary advantage over conventional methods. Here, | present a technical review of template preparation, sequencing and imaging, genome
alignment and assembly approaches, and recent advances in current and near-term commercially available NGS instruments. | also outline the broad
range of applications for NGS technologies, in addition to providing guidelines for platform selection to address biological questions of interest.

PMID: 18997069 [PubMed - indexed for MEDLINE]

http://www.ncbi.nlm.nih.gov/pubmed/19997069



Pacific Biosciences
Analytical Chemistry " REVIEW |

> “C" pulse ‘ ‘A" pulse
B |
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Figure 2. Schematic of PacBio’s real-time single molecule sequencing. (A) The side view of a single ZMW nanostructure containing a single DNA
polymerase (P29) bound to the bottom glass surface. The ZMW and the confocal imaging system allow fluorescence detection only at the bottom
surface of each ZMW. (B) Representation of fluorescently labeled nucleotide substrate incorporation on to a sequencing template. The corresponding
temporal fluorescence detection with respect to each of the five incorporation steps is shown below. Reprinted with permission from ref 39. Copyright

2009 American Association for the Advancement of Science.

http://www.ncbi.nlm.nih.gov/pubmed/21612267

http://www.youtube.com/watch?v=NHCJ8PtYCFc
http://www.youtube.com/watch?v=GX6RSKh4J7E
SMRT techonology — real time single molecule sequencing




Pacific Biosciences

Pacific Biosciences — Real-time sequencing

a Phospholinked hexaphosphate nucleotides

Limit of detection zone

Fluorescence pulse

INTENSItY  m—

Epifluorescence detection

Figure 4 | Real-time sequencing. Pacific Biosciences’ four-colour real-time sequencing method is shown.

a| The zero-mode waveguide (ZMW) design reduces the observation volume, therefore reducing the number of stray
fluorescently labelled molecules that enter the detection layer for a given period. These ZMW detectors address
the dilemma that DNA polymerases perform optimally when fluorescently labelled nucleotides are present in the
micromolar concentration range, whereas most single-molecule detection methods perform optimally when
fluorescent species are in the pico- to nanomolar concentration range*. b | The residence time of phospholinked
nucleotides in the active site is governed by the rate of catalysis and is usually on the millisecond scale. This
corresponds to a recorded fluorescence pulse, because only the bound, dye-labelled nucleotide occupies the ZMW
detection zone on this timescale. The released, dye-labelled pentaphosphate by-product quickly diffuses away,
dropping the fluorescence signal to background levels. Translocation of the template marks the interphase period
before binding and incorporation of the next incoming phospholinked nucleotide.




lllumina
http://www.youtube.com/watch?v=77r5p8IBwJk&feature=related

http://www.youtube.com/watch?v=199aKKHcxC4




b Illumina/Solexa
Solid-phase amplification
One DNA molecule per cluster

Sample preparation
DNA (5 ug)

Template
dNTPs

and
polymerase

Bridge amplification

http://www.ncbi.nlm.nih.gov/pubmed/19997069



Incorporate
all four
nucleotides,
each label
with a
different dye

Cc
F Cleave dye
Wash, four- — and terminating
colour imaging groups, wash

http://www.ncbi.nlm.nih.gov/pubmed/19997069



REVIEWS

a Illumina/Solexa — Reversible terminators 1
O,

9 Og. 0.
9=~

Incorporate
all four
nucleotices,
each label
with a
different dye

(F]
Wash, four
colour imaging

Cleave cye
and terminating
groups, wash

Repeat cycles T =

http://www.ncbi.nlm.nih.gov/pubmed/19997069



Table 1 | Comparison of next-generation sequencing platforms

Platform Library/ NGS Read Run Gb Machine Pros Cons Biological Refs
template chemistry length time per cost applications
preparation (bases) (days) run (US$)
Roche/454's  Frag, MP/ PS 330* 0.35 0.45 500,000 Longerreads Highreagent Bacterialandinsect D. Muzny,
GS FLX emPCR improve cost; high genome de novo pers.
Titanium mappingin error rates assemblies; medium comm.
repetitive in homo- scale (<3 Mb) exome
regions; fast polymer capture; 16Sin
run times repeats metagenomics
Illumina/ Frag, MP/ RTs 750r  4%,9% 18%, 540,000 Currentlythe Low Variant discovery D. Muzny,
Solexa's GA, solid-phase 100 358 most widely multiplexing bywhole-genome pers.
used platform  capabilityof resequencing or comm.
in the field samples whole-exome capture;

genediscoveryin
metagenomics

Life/APG’s  Frag, MP/ Cleavable 50 7%,14° 30%, 595,000 Two-base Long run Variant discovery D. Muzny,
SOLID3 emPCR probe SBL 50° encoding times by whole-genome pers.
provides resequencing or comm.
inherent error whole-exome capture;
correction gene discovery in

metagenomics



lon Proton

http://www.lifetechnologies.com/global/en/home/about-us/news-gallery/press-releases/2012/life-techologies-itroduces-the-bechtop-io-proto.html

Press Releases

Life Technologies Introduces the Benchtop lon Proton™ Sequencer; Designed to Decode a Human Genome
in One Day for $1,000

SAN FRANCISCO, Jan. 10, 2012 /PRNewswire/ — Life Technologies Corporation (NASDAQ: LIFE) today announced it is taking
orders for the new benchtop lon Proton™ Sequencer that is designed to sequence the entire human genome in a day for $1,000.

(Photo: http://photos.prmewswire.com/pmh/20120110/LA31914-a)
(Photo: http://photos.prmewswire.com/pmh/20120110/LA31914-b)

The lon Proton™ Sequencer, priced at $149,000, is based on the next generation of semiconductor sequencing technology that
has made its predecessor, the lon Personal Genome Machine™ (PGM™), the fastest-selling sequencer in the world.

Up to now, it has taken weeks or months to sequence a human genome at a cost of $5,000 to $10,000 using optical-based
sequencing technologies. The slow pace and the high instrument cost of $500,000 to $750,000 have limited human genome
sequencing to relatively few research labs.



lon Proton

/’

/

lon torrent chemistry

http://www.youtube.com/watch?v=yV{2295JqUg

OQuolaoTIKa gival Eva TToAU PIKPO pH-meter
Aev BaaoileTal o€ avixveuon ewToc!



ION Torrent Personal Genome Machine (PGM)

dNTP ONTPs
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Oxford Nanopore
(210 €yyUG PEAAOV;)

Nanopore
http://www.youtube.com/watch?v=UWcCbIRPzvs

http://www.nanoporetech.com/technology/minion-a-
miniaturised-sensing-instrument



Biological Nanopore
(210 €yyUC PEAAOV;)

Nanopore sensing
A nanopore may be used to identify a target analyte as follows.

/ {
ol

" - AP AP P
v WA A~
.

L i a4

current

This diagram shows a protein nanopore set in an electrically resistant membrane bilayer. An ionic current is passed through the
nanopore by setting a voltage across this membrane.

If an analyte passes through the pore or near its aperture, this event creates a characteristic disruption in current. By measuring that
current, it is possible to identify the molecule in question. For example, this system can be used to distinguish between the four standard
DNA bases G, A, T and C, and also modified bases. It can be used to identify target proteins, small molecules, or to gain rich molecular
information, for example to distinguish the enantiomers of ibuprofen or molecular binding dynamics.

http://www.nanoporetech.com/technology/introduction-to-nanopore-sensing/introduction-to-nanopore-sensing



Solid state (Graphene) Nanopore
(210 €yyUG HEANOV;)

http://www.nanoporetech.com/technology/introduction-to-nanopore-sensing/solid-state-
nanopores



The sequence read archive:
explosive growth of
sequencing data

http://nar.oxfordjournals.org/content/40/D1/D54 .full

lllumina™ platform comprises 84% of sequenced bases, with
SOLID™ and Roche/454™ platforms accounting for 12% and
2%, respectively.

The most active SRA submitters in terms of submitted bases are
the Broad Institute, the Wellcome Trust Sanger Institute and
Baylor College of Medicine with 31, 13 and 11%, respectively.
The largest individual global project generating next-generation
sequence is the 1000 Genomes project which has contributed
nearly one third of all bases.




http://omicsmaps.com/
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XaunAG KOOTOC YEVWUIKWY TEXVOAOYIWY Ba
odNynNoel 0€ KOBNUEPIVEC EPAPUOYEC.

Ko6otoc adAniobyiong mé@tel dapKag.
— lllumina -> 1 lane: 19GBp, ~ €3000, 10 BakTnpIaKa yEVWPATA.
Ta dciyyaTta atrooTEANOVTAI O€ KEVTPA PE NEYAAEG EYKATAOTACEIC KAl

XAUNAG KOOTOG AsIToupyiag (oikovopia KAipakag). H avadAuon Twv
OEOOUEVWIV OUWG OEV UTTOKEITAI OE OPOUG OIKOVOMIAG KAINAKOG.

[MA€ov, Eva onuavTIKO JEPOG TOU OAIKOU KOOTOUG Eival N
BiotTAnpogopikry avaAuon.

Mnxaviuata aAAnAouxiong akpifa (lllumina ~ €600.000) - service
@TNVO.

MioB6¢ akpIBOC (iowg €va vEo JOVTEAO CUUPBOUAEUTIKAG?)

YT1roAoyioThC ¢TNVOC (€3-5.000), eppOoOV TTPOKEITAI VIO MIKPA
yovidiwuaTa (de novo assembly), i yia re-sequencing.



http://genomebiology.com/content/pdf/gb-2011-12-8-125.pdf

Sboner et al. Genome Biology 2011, 12:125
http://genomebiology.com/2011/12/8/125

2 Genome Biology

The real cost of sequencing: higher than you think!

Andrea Sboner'?, Xinmeng Jasmine Mu', Dov Greenbaum'**#% Raymond K Auerbach' and Mark B Gerstein*'+*

Sample collection and 2 Data reducti Dc
Experimental a8 experimental design @ Sequencing W Data management D analyses
design
‘ 100% _

Sequencing

Mapped reads
(BAM, CRAM. MAF)

Downstream analyses
(differential expressicn, 0% ~
novel TARs, regulatory Pre-NGS Now Future
0o (Approximately 2000)  (Approximately 2010)  (Approximately 2020)

Figure 1. Contribution of different factors to the overall cost of a sequencing project across time. Left, the four-step process: () experimental
design and sample collection, (i) sequencing, (iii) data reduction and management, and (iv) downstream analysis. Right, the changes over time

of relative impact of these four components of a sequencing experiment. BAM, Binary Seguence Alignment/Map; BED, Browser Extensible Data;
CRAM, compression algorithm; MRF, Mapped Read Format; NGS, next-generation sequencing; TAR, transcriptionally active region; VCF, Variant Call
Format.
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Shotgun sequencing

\

Cloned genomes

Multiple genomes are sheared
into variable sized segments

Unordered sequenced
segments

Computational automated
assembly

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

Overl i (
ATGTTCCGATTA AACTGTTTCATTCAGTAAAAGGAGGAAATATAA | combined to construct the

genome consensus, ‘/

i )

Cloned genomes

Genome divided into large
segments of known order,

Ordered genome
segments

JUL

Multiple genome portions are
sheared into variable sized
segments

)|

Unordered sequenced
segments

Computational automated
assembly

mmmm | Resulting overlapping
sequenced segments. (The
=== higher the coverage the better
] the quality of the sequencing.

Overlapping sequences
ATGTTCCGATTA AA TTTCATTCAGTAAAAGGAGGAAATATAA segments combined to construct
the genome consensus.




Sequence read — Fastqg format

@SEQ_ID
GATTTGGGCTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT
4

PP PR ((((**%+) )38+ +) (38%%) . 1**x*x_4x" ") )**55CCF>>>>>>CCCCCCCOS

|

Ta oUpBoAa omnv TeAeuTala ypauur aviiotolxouv oe TIuES Q,
yla TNV KaBe pia Baon mou aAAnAouxinke.

To Q-score eival pla akEpata TiUr ToU TIPOKUTITEL ATO TNV
moavotnTa va €xel yivel A\dBoc otnv aAAnAouxion Hiag
OUYKEKPLMEVNG BAong.

Av p = TuBavotnTa va £xet yivel Ad8og otnv aAAnAouxilon tng
OUYKEKPLUEVNC BAong, TOTE:

Q=-10log,(p)

Q=30 -> p=0.001 (TIOAU KaANG moloTNTAC aAANnAoUXION)
Q=13 -> p=0.05



[TloiotTnTa TWV Reads

Error ratio in illumina GA reads

. 454 5
« lllumi S /
umina S - 0
/
o)
- SOLID . o
2 /
c° !
© °
Table 2. Comparison of mapping. % o
= S | ©
o o)
(o]
Method Ratio of mapped reads Accuracy per base _ ooo
, » oo
FLX 89.0 99.9 8 :OOQOOOOO
GA 63.7 96.7 o T T T T T | I I
SOLID 47.3 99.8 0 5 10 15 20 25 30 35
Base position
Filtered data set of GA was shown.

dokl0.1371/joural porie 0193545002 Figure 1. Error ratio in GA reads depending on the base
position of the read. Ratio of mismatch between mapped reads and
reference sequence to the total number of mapped reads was plotted

SOLI D NSOO/O I’eadS 68V aga}insrt1 b;se positiqn iq tgg re_adsaThe mismatch ratio inc:)eases alllong
/ s wi e base position indicating decrease of accuracy of base calls.
otolxiCovtal oTo yovidiwpua, d0i:10.1371/journal.pone.0019534.9001 ’
arid TO OTI0i0 £YIVE TO , , ,
Sequencing! Edw, TO MpoBAnua evtorudetal otnv

cuocowpeuon AaBwv Kata tnv

MpoBANUa OTL IKE , ,
P Cl\%Tl%%dOSlg ﬁgk)\ovc? evowpatwon ¢0optlovtwyv dNTPs.



Sequence reads — 'EAgyxo¢ 1TOI0TNTOC
oedoEVWY (quality control)

MoAU uPnANg MotoTNTAG
OedouEVA.

@FastQC Report

Summary @ Per base sequence quality

@ Basic Statistics Quality scores across all bases {lllumina 1.5 encoding)

@ Per base sequence qualit z: EWWWW%%%%
@ Per sequence quality scores 34 7 J4
. XAaunAng rmototnTag

Per base sequence content

@ Per base GC content - 6 8 6 0 é Va
@ Per sequence GC content 26 I‘J' "
@D Per base N content 24
22
@ Sequence Length Distribution @ .
20 Per base sequence quality
@ Sequence Duplication Levels 18
Quality scores across all bases (lllumina 1.5 encoding}
@ Overrepresented sequences 16
14 | B TR TR IO 1CAE LR IC
Kmer Content 32 ” | | " " | ] TTTTT
” LU
10 30 L
q |
o 28 |
6 26 Lo H
|
4
24 L
2 N —H—H—
22 S| i
012345678910 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 20 | il
Position in read (bp)
18
16
14
12
10
8
6
. [
2
0

123456780910 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Position in read (bp)



Sequence reads — QIATpApIcua/trimming

(%) Per base sequence quality

Quality scores across all bases {lllumina 1 .5 enco ding)

OO __
il i

7

I

012345678910 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Position in read (bp)

Eite 6a anodacicoupe va kOYoupe OAa Ta sequence reads o€ HlA
OUYKEKPLUEVN BEON, HETA TNV oTioia n ToloTNTa aAAnAouxiong
MEPTEL ONUAVTLIKA OTA TEEPLOCOTEPA

Eite 6a kOPoupe ta TIPORANMATIKA KOMMATIA YiA TO KABE sequence
read xwplotd. Meta 6a armoppipBboUv OAEC Ta KOPJUEVA Ssequence
reads TIOU £X0OUV TIOAU ULKPO UNKOG.
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Figure 3 | Road map for planning software solutions for experiments with different
data sources and different goals. Sequence reads derived from ChlP, non-coding RNA
and cDNA sequencing experiments are aligned to a reference sequence before
expression counting and final annotation. Sometimes, a cDNA sequence can be
assembled de novo before these steps. Genome sequence reads may be aligned if a

reference is available, but if not assembly de novo can still be carried out.




De novo Sequencing

assembly workflow

~~— Figure 1: De Novo Assembly Workflow
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Sequencing - paired end reads
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[TpoBANuaTa cuvapuoAoyIonG
AaTTO £TTAVAANYEIC - contigs

The ability of an assembly program to produce a single contig is also limited by regions of the genome that occur in multiple near-
identical copies throughout the genome (repeats). The reads originating from different copies of a repeat appear identical to the
assembler and cause assembly errors. A simple example is shown in Figure 5, where the assembler incorrectly collapses the two
copies of repeat A leading to the creation of two contigs instead of one (Figure 6).

RPT A1

RPT A2

—r—

Figure 5. Two copies of a repeat along a genome. The reads colored in red and those colored in yellow appear identical to
the assembly program.

[ =

Figure 6. Genome mis-assembled due to a repeat. The assembly program incorrectly combined the reads from the two
copies of the repeat leading to the creation of two separate contigs



[TpoBANuaTa cuvapuoAoyIonG
aTTO ETTAVAANWEIC - scaffolds

Scaffolding

The contigs produced by an assembly program can be ordered and oriented along a chromosome using additional information
contained in the shotgun data. In most sequencing projects, the sizes of the fragments generated through the shotgun process are
carefully controlled, thus providing a link between the sequence reads generated from the ends of a same fragment (called paired
ends or mate pairs). In a typical shotgun project, multiple libraries -- collections of fragments of similar sizes -- are usually
generated, providing the assembler with additional constraints: within the assembly the paired end reads must be placed at a
distance consistent with the size of the library from which they originate and must be oriented towards each other. Within an
assembly each read is assigned an orientation corresponding to the DNA strand from which the read was generated. The constraints
provided by mate pairs lead to constraints on the relative order and orientation of the contigs (Figure 7). The process through which
the read pairing information is used to order and orient the contigs along a chromosome is called scaffolding.

e —>

Figure 7. A scaffold of 3 contigs (the thick arrows) held together by mate pairs. Thin lines connect the paired ends.

AdoU £xouv Yyivel Ta scaffolds, omola keva urtapxouv KaAuTrovTal
e OTOXEUMEVN aAAnAouxLon - gap closure



Keva YETA TNV CUVApPUOAOvVION
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Figure 1. Assessing the cause of gaps in an assembly of 36nt
reads. The predicted number of sequence gaps based on the Lander-
Waterman model (+) is presented along with the actual number of
sequence gaps in sets of 36nt lllumina reads (©). This was determined
by aligning the reads in each set to the reference sequence. The total
number of gaps present in Velvet assemblies of the various read sets is
also included (@). The numerous additional gaps observed in the
assemblies are due to unresolvable repeats (O vs. @). Additional details
can be found in the Supplementary Methods (File S1).
doi:10.1371/journal.pone.0011518.g001
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Figure 2. A model of repeat assembly. To unambiguously assemble a repeat (black rectangle), a read must encompass the entirety of the repeat
and extend, in both directions, into unique sequence. If the repeat has a length of R nt, and the adjacent unigue sequence must be at least V' nt,
then resolution of the repeat requires that a read starts in a L—(R+2V —1) window next to the repeated sequence. The likelihood of this failing to
occur in an assembly of a given number of reads of a particular length, can be estimated using an approach analogous to that used to compute
sequence gaps [13,14].
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Figure 3. Assessing the accuracy of the algorithm. The number of repeat-induced gaps predicted by the algorithm (grey bars) compared to the
number of gaps observed (black bars) in actual assemblies of 36, 75, 125, 250, and 500nt simulated reads from A) M. genitalium, B} E. coli and C)
S. coelicolor. The observed gaps are those between unigue, non-redundant contigs larger than the read length. The coverage depth of each read set
was the threshold at which random gaps are no longer predicted by the Lander-Waterman model. This occurs at effective coverage depths of 9-17 x.
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Figure 5. Read length and repeat resolution in 6 genomes. The algorithm was used to predict the occurrence of repeat-induced gaps in
assemblies of six bacterial genomes from a range of read lengths. A raw coverage of 100 x was used for all genome/read length pairings. Assembly
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(8.7 Mb) and F) S. cellulosum (13.0 Mb).
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MikpoU pnkoug reads
Uropouv va
ouVvapUOAOYoOoUV
Ta TMEPLOCOTEPA
yovidla, aAAa omave
TO Yovidiwua oe
TIOAAQ HIKPA
KoupaTia (contigs)

Table 2 Median N50 and reconstructible genes.

k N50 (%) Genes (%)
25 1.14 9629
35 241 98.12
50 3.90 9894
100 8.12 9951
250 13.52 9984
500 18.03 100
1000 46.57 100

Median N50 as a percentage of the chromosome size and median number of

genes that are reconstructible for various read lengths k.



Ta TeploocdTEPA BAKTNPIOKA YOVidla uTTOpOoUV
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Figure 4 Fraction of reconstructible genes. Cumulative histogram plotting a percentage of genes (x-axis) against the percentage of
chromosomes for which at least that many genes can be reconstructed. When k = 1000, nearly all chromosomes have all their genes
completely reconstructed. When k = 25, the number of reconstructible genes falls off quicker, but many genes @an still be reconstructed: 90% or
more of the genes can be reconstructed in 89% of the chromosomes when k = 25.
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MiKpoU uNKoug reads HTIOpoUV va CUVAPHOAOYNOOUV Ta TIEPLOCOTEPA
yovidla, aAAd orave To Yovidiwpa o ToOAAA PHIKpa KopuaTia (contigs)



Ta TeploocdTEPA BAKTNPIOKA YOVidla uTTOpOoUV
va ouvapuoAoynBouv

[oVIOLWUATIKA oTolXEla TIOU TIPOKAAOUV TipoBANUATA OTNV
ouVvapuoAOYLOoN:

MetaBetd otolxeia
transposons
Intergenic repeats
Insertion sequences
prophages

[ovidla ou ocuvnBwg dev propoUv va cuvapuoAoynBouv:
Transposases

Phages

Integrases

[ovidla ou oxeTtidovTal ue TNV arnodpuyn TOU AvVOCOTIOLNTLKOU
OUOTNMATOC (EXOUV eTAVAANYELR)



De novo Sequence assembly

http://www.cbcb.umd.edu/research/assembly primer.shtml

De novo assembly
— Greedy extention
— OLC
— De Bruijn graph
— Hybrid



Greedy assemblers

Greedy assemblers - The first assembly programs followed a simple but effective strategy in which the assembler greedily joins
together the reads that are most similar to each other. An example is shown in Figure 8, where the assembler joins, in order,
reads 1 and 2 (overlap = 200 bp), then reads 3 and 4 (overlap = 150 bp), then reads 2 and 3 (overlap = 50 bp) thereby creating a
single contig from the four reads provided in the input. One disadvantage of the simple greedy approach is that because local
information is considered at each step, the assembler can be easily confused by complex repeats, leading to mis-assemblies.

1 200
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: 200 . O 47771
m !, T 3T

Figure 8. Greedy assembly of four reads.



Overlap - layout - consensus
(OLC)

Overlap-layout-consensus - The relationships between the reads provided to an assembler can be represented as a graph, where
the nodes represent each of the reads and an edge connects two nodes if the corresponding reads overlap. The assembly problem
thus becomes the problem of identifying a path through the graph that contains all the nodes - a Hamiltonian path (Figure 9). This
formulation allows researchers to use techniques developed in the field of graph theory in order to solve the assembly problem.
An assembler following this paradigm starts with an overlap stage during which all overlaps between the reads are computed and
the graph structure is computed. In a layout stage, the graph is simplified by removing redundant information. Graph algorithms
are then used to determine a layout (relative placement) of the reads along the genome. In a final consensus stage, the
assembler builds an alignment of all the reads covering the genome and infers, as a consensus of the aligned reads, the original
sequence of the genome being assembled.

Figure 9. Overlap graph for a bacterial genome. The thick edges in the picture on the left (a Hamiltonian cycle) correspond
to the correct layout of the reads along the genome (figure on the right). The remaining edges represent false overlaps
induced by repeats (exemplified by the red lines in the figure on the right)



[ papnuaTa De Bruijn

Box 1 | Overlap consensus assembly and de Bruijn graph assembly

Original sequence
GTAGTATAGTCAGTATCA

"4 N\

Sequence reads k-mers (2-mers)

GTAGTA TAGTAT AGTATA GT TA AG AT TC CA
GTATAG TATAGT

ATAGTC TAGTCA AGTCAG

GTCAGT TCAGTA
CAGTAT AGTATC GTATCA

l

Consensus overlap assembly de Bruijn graph
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De bruijn graph

Figure 3: De Bruijn Graph for Read with K=3

Read: AGATGATTCG
- AGA

3-mers: GAT

(AGA) ——+(GAT)——(ATG) ——+(TGA)

\

De Bruijn

(ATt
Graph \ATT)
(10— (7c0)

The length of overlaps is k-1=2. Gray arrows indicate where all the k-mers
derived from the one read are placed in the graph. Blue arrows indicate the
order of the k-mers and their overlaps.



Comparative assembly

Align-layout-consensus - As more and more genomes become available in public databases, it is increasingly the case that a
completed genome exists that is closely related to the genome being assembled. The assembly problem thus becomes easier as the
relative placement of reads can be inferred from their alignment to the related genome (or reference), in a process called
comparative assembly. Thus, the overlap stage of assembly (often one of the most computationally intensive assembly tasks) is

replaced by an alignment step. The layout stage is also greatly simplified due to the additional constraints provided by the
alignment to the reference.



BAC-by-BAC sequencing

BAC-by-BAC (hierarchical) sequencing - In order to avoid some of the complexity involved in assembling large genomes,
scientists developed a hierarchical approach. First, the genome is broken up into a collection of large fragments (between 40 and
200 kbp) called Bacterial Artificial Chromosomes or BACs. The BACs location along the genome is then mapped using specialized
laboratory experiments. A minimal tiling path of BACs is chosen such that each base in the genome is covered by at least one
BAC, and the overlap between BACs is minimized. Each BAC is then sequenced through the standard shotgun method, the resulting
assemblies being combined into an assembly for each chromosome using the information provided by the tiling paths (Figure 10).

“\'.

Figure 10. BAC-by-BAC approach. The long lines represent individual BACs. The minimal tiling path is represented by thick
lines. Each BAC in the tiling path is then sequenced through the shotgun method.



Short read alignment

JOHNS HOPKINS

Bowtie ONENONE> @) BIQOMBERG

An ultrafast memory-efficient short read aligner

Bowtie is an ultrafast, memory-efficient short read aligner. It aligns short DNA sequences (reads) to the human genome at a rate of over
25 million 35-bp reads per hour. Bowtie indexes the genome with a Burrows-Wheeler index to keep its memory footprint small: typically hr

about 2.2 GB for the human genome (2.9 GB for paired-end). 0SiI certified
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H Tiun autn avTioTolxXei o ekelvo TO UNKog contigs, woTe TO
50% TOU YOoVIOlwHaTOoC (META amd de novo assembly) va
evTotiCeTal o€ contigs autoU TO PNKOUG 1) HEYAAUTEPOU.
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KaAuypn Tou yovIOIWMATOC KOl KOPEOUOC

Figure 4: Effect of Coverage
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coli de novo assembly.
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FIGURE 10.12 The distnbution of genome size variation among prokaryotes based on complete
genome sequencing and pulse-field gel electrophoresis (PFGE) estimates. This includes 18 complete
sequences and 29 PFGE measurements for Archaea (black bars), and 125 complete sequences and
323 PFGE estimates for Bacteria (gray bars). Based on this combined dataset, the mean genome size
for the Archaea is 2.22 = 0.13 Mb, and for the Bactenia is 3.10 £ 0.09 Mb. For sequenced genomes
alone, the means are 2.19 = 0.27 Mb for Archaea and 3.40 £ 0.17 Mb for Bacteria. Values from mul-
tiple strains per species were averaged, and complete sequencing data were used preferentially where
measurements had been made by both methods. Complete genome sequence data were taken from
the Center for Biological Sequence Analysis (CBS) Genome Atlas Database (www.cbs.diu.dk/
services/GenomeAtlas) in the spring of 2004, and the PFGE estimates were taken from the dataset
compiled by Islas et al. (2004), now available as part of the Prokaryote Genome Size Database
(www.genomesize.com/prokaryotes).



MEyeBocC yovIOlwpaToC Kal
TPOTTOC Ol1aBiwoNC

Comparative Genomics in Prokaryotes 637

Free-living - *—--
Obligate | *—- - o e @

parasites

Obligate | 4"

symbionts i

Genome size (Mb)

FIGURE 10.13 The distribution of genome sizes according to lifestyle in the Bacteria. Each point
represents the genome size (measured by pulse-field gel electrophoresis) of one species or strain of
bacteria categorized as either [ree-living (n = 398), obligately parasitic (n = 227), or obligately sym-
biotic (n = 20) as in [slas et al. (2004). The means lor each category are indicated with vertical L“.lpr.S.
Data were provided by S. Islas and A. Lazcano, Universidad Nacional Auténoma de México.
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FIGURE 10.11 The relationship between gene (1.e., open reading frame) number and genome size
in prokaryotes, as revealed by data from 140 completely sequenced genomes. Unlike in eukaryotes,
gene number is strongly positively correlated with genome size in both Archaea (@) and Bacteria (0).
The regression statistics were as [ollows, Archaea: i = 0.88, P < 0.0001, n = 18; Bactena: > = 0.97,
P < 0.0001, n = 122; all prokaryotes: v = 0.97, P < 0.0001, n = 140. The regressions were very
slightly stronger following log-transformation, but not substantially different. It has been reported that
the archaeon Aeropyrum pernix and the bacterium Mycobacterium leprae represent exceptions to this
trend, with the former having more than the expected number of genes and the latter exhibiting lewer
than expected (Doolittle, 2002; Tanaka et al., 2003). However, that these two species are distinet out-
liers is not so readily apparent with the large dataset used here, in which the relationship generally
becomes slightly looser at the higher end of the distnbution. Moreover, if the large number of pseudo-
genes in the M. leprae genome are included, this species falls on the line as well (see Mira et al, 2001).
Data were taken [rom the Center for Biological Sequence Analysis (CBS) Genome Atlas Database
(www.cbs.dtu.dk/services/GenomeAtlas) in the spring of 2004

MIKPEG DIayOVIOIOKEG TTEPIOXES
(intergenic regions).

Tlowcg 10 TTOAU UYWNAO effective

population size oToug
TTPOKOPUWTEG ETTITPETTEI VA
dlATNPOUV TOOO CUUTTUKVWHEVO
yovidiwpa.

[MoAuTTAOKOTNTA TWV
OPYQVIOUWV Kal TTapadogo TNG
TIuAG C.
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FIGURE 10.9 Prophage content and locations (gray boxes) in several strains of two species of bacteria. (A) Streptococcus pyogenes, also known as “group A
Streptococcus” (GAS), which causes a wide range of infections. The numbered rings represent the genomes of three different serotypes: (1) M1, (2) M18, (3)
M3. (B) Escherichia coli, a normally benign gut bacterium that includes some enterohemorrhagic and uropathogenic strains. The numbered rings represent
the genomes of four different strains: (1) O157:H7 VI2-Sakai, (2) O157:H7 EDL933, (3) K12-MG1655, (4) CFT073. Prophages account for about 12% and
16% of the S. pyogenes and pathogenic E. coli genomes, respectively (Canchaya et al., 2003). Note that the circumferences of these schematic circular draw-
ings are not to scale and therefore do not reflect the real relative lengths of the chromosomes depicted. Adapted from Canchaya et al. (2003), reproduced by
permission (€ American Society for Microbiology).



[1600 oTABEPN €ival N APXITEKTOVIKH EVOC

A) Sulfolobus solfataricus vs. S. tokodaii

YOVIOIWMATOC.

B) Chlamydia muridarum vs. C. pneumoniae
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FIGURE 10.6 Gene position plots showing examples of both plasticity and stability in gene order
berween closely related species of prokaryotes. In these plots, the location of a given gene, measured
as its distance from a given starting point in kilobases (kb), is plotted on one axis each for the two
species being compared. Unless otherwise indicated, the origin of the axes represents the origin of
replication in the chromosomes. (A) The archaeons Sulfolobus solfataricus and S. tokodaii, whose
genomes share very little common gene order and are clearly extremely dynamic. (B) The bacteria
Chlamydia muridarum and C. pneumoniae, which exhibit a clear “X-alignment,” indicating a single,
large, symmetrical inversion around the origin of replication (see also Eisen et al, 2000; Hughes,
2000). (C) The bacteria Salmonella typhi and S. typhimurium, which show evidence of two smaller sym-
metrical inversions, one around the origin of replication and one around the replication terminus. (D)
Two strains (or possibly species) of the endosymbiotic bacterium Buchnera aphidicola living in
distantly related aphid hosts (Ap = Acyrthosiphon pisum; Sg = Schizaphis graminum). In this case, there
has been remarkable stasis in gene order for 50-70 million years, despite considerable sequence
divergence (see Tamas et al., 2002). Based on a figure presented by Mira et al. (2002), reproduced by
permission (© Elsevier Inc.).

Dotplot yia opB6Aoya yovidia
METAZU OUO TTPOKAPUWTWY TOU
idlou gidouc.

KaBe koukida oto Dotplot €ival
n 6€on Tou opBSAoyou yovidiou
o€ OUO JIAPOPETIKA
yovidiwuara.

Kdatrolol opyaviouoi £xouv
oTaBePN YOVIOIWMNATIKNA
QPXITEKTOVIKI KAl KATTOI0I GAAOI

Oxl.



H yovIOIWPATIK oTNV KAIVIKN
LMIKpoRIoAoyia



O1 TexvoAoyie¢ aAAnAoUXIoNG VEAG YEVIAC TNV KAIVIKN
UIKpoBloAoyia

http://www.ncbi.nlm.nih.gov/pubmed/22868263

Transforming clinical microbiology with bacterial genome sequencing.
Didelot X1, Bowden R, Wilson DJ, Peto TE, Crook DW.

Nat Rev Genet. 2012 Sep;13(9):601-12. doi: 10.1038/nrg3226. Epub 2012 Aug 7.

2KOTTOG TNG KAIVIKNAG MIKpOoBIoAoyiag gival

* N YpPryopn TaUTOTIOINCT TTABOYOVWYV PIKPOOPYAVICUWYV O€ KAIVIKG deiyuara, yia TV
QTTOTEAECUATIKOTEPN AVTIUETWITTION TOU A0BEVOUG (O1aYVWOTIKN lepOélO)\OVIG)

e n TmapakoAouBnon TG CATTAwoNG ia €mdNUiag (MikpoRioAoyia dnNudCIag UYENVG)

Tpeic BaoikEG xpNOoIUOTNTEG TNG AAANAOUXIONG MIKPORBIOKWY YOVIOIWUATWV:

*  TauTtoTtroinon Tou €idoug.

*  'EAgyxoc 1810TATWY, OTTWG AVBEKTIKOTNTA O€ aVTIRIOTIKA A évTaon TTaboyéveong
*  [lapakoAouBnon TnNG eNPAviong Kal ECATTAWONG YIAG ETTIONUIAC.

2uvTopa, n TeXvoAoyia Ba gival ypriyopn, akpIBAg, Kai ¢Tnvn yia KAIVIKR pouTiva o€ 0Aoug Toug
TTaBoydVOUG PIKPOOPYAVICUOUG, OTTWG:

 loug
«  Bakmpia
*  MnkuTteg

* T[lapdoita



O1 TexvoAoyieg vEag yeviAg aAAnAouxionc aTnVv KAIVIKA
UIKpoRloAoyia

H diadikaoia TG TauToTToiNONG BAKTNEIWV PE KAQOIKEC EBODOUC UTTOPE Va
aTTOTEAEITAI ATTO TTOANEG, XPOVORBOPEC KAl ECEIDIKEUNEVES AVAAUTEIC.

To BakTApIO TTPETTEI TTPWTA va KaAAIEpyNnOei atrd To deiyua.
Na TauTtoTroInBei 1o €idog.

Na kaBopioTei n TTaBoyEveld Tou.

Na eAeyxBei yia avOekTIKOTATA/EUAIOBNCIa O€ AVTIRIOTIKA.

H diadikacia autr uTTopei va dIapKETEl aTTO HEPES EWC KAl ELOOUADEC I O KATTOIEC
TTEPITITWOEIC (apya avatrtuoooueva Baktripia - Mycobacterium tuberculosis) péxpl
Kal MAVEG.

O1 TTepIooOTEPEC PAKTNPIOKES JOAUVOEIC opeilovTal o€ ~20 €idn.



O1 TTEPIOTOTEPES
BaAKTNPIOKES JOAUVOEIG
o@eihovTal o€ ~20 €idn.

http://
www.ncbi.nlm.nih.gov/

pubmed/22868263

MeExpr kar 1000 €idn
BakTnpiwv gival
TTaBoyova.

‘Eva pikpo ttoocooTto ~10%
N eival aduvarto N gival
OUOKOAO va
KaAAiepynBouv.

2.€ KATTOI0 OEiyuaTA OTTWG
EYKEQAAOVWTIAIO UYPO
gival EUKOAN N
TAUTOTTOINON OAWV TWV
MIKpORBiwv, evw o€ GAAa
M0 TTOAUTTAOKQ dgiyuaTta
OTTWG TA KOTTPAVA N
TAUTOTTOINON TWV
TTaBoyovwy dev gival
€UKOAN.

Table 1 | Examples of bacterial pathogens reported by a microbiology laboratory

Top 25 categories

Escherichia coli
Staphylococcus aureus
Coagulase-negative Staphylococcus
Enterococcus faecalis
Coliforms

Group B Streptococcus
Anaerobes sensitive to metronidazole
Pseudomonas spp.
Pseudomonas aeruginosa
Proteus mirabilis
Campylobacter jejuni

Group A Streptococcus
Haemophilus influenzae
Group G Streptococcus
Klebsiella spp.

Streptococcus viridans
Streptococcus pneumoniae
Streptococcus constellatus
Proteus spp.

Staphylococcus saprophyticus
Diphtheroids

Salmonella enterica

Group C Streptococcus
Propionibacterium spp.
Moraxella catarrhalis

Others (355 categories)

Classification Number

Species
Species
Genus
Species
Genus
Species
Other
Genus
Species
Species
Species
Species
Species
Species
Genus
Genus
Species
Species
Genus
Species
Other
Species
Species
Genus

Species

222,094
128,158
58,429
48,121
40,844
36,934
35,411
20,588
14,261
13,694
12,775
12,423
11,967
11,188
9,734
8,990
6,564
4,348
4,121
4,055
4,035
3,621
3,453
2,805
2,461
30,060

Percentage

29.57
17.06
7.78
6.41
5.44
4.92
4.71
2.74
1.9
1.82
1.7
1.65
1.59
1.49
1.3
1.2
0.87
0.58
0.55
0.54
0.54
0.48
0.46
0.37
0.33
3.99

Cumulative
percentage

29.57
46.63
54.41
60.81
66.25
71.17
75.88
78.62
80.52
82.35
84.05
85.7
87.29
88.78
90.08
91.28
92.15
92.73
93.28
93.82
94.36
94.84
95.3
95.67
96
100

The top 25 categories from the 15-year output of isolates by the Oxford University Hospitals Trust, UK, microbiology laboratory are
shown as an example of the frequency of pathogens isolated by a large service with comprehensive diagnostic throughput. Of
751,134 isolates cultured: 557,581 (74%) were categorized into 301 species using routine phenotypic methods; 157,150 (21%) were
characterized to genus or other grouping (71 categories; for example, Pseudomonas spp. or coagulase-negative staphylococci,
respectively); 36,403 (5%) were isolated but not characterized beyond the Gram stain (not shown). On a global scale, the
proportions of species may differ by country. For example Mycobacterium tuberculosis will be a major component of laboratory
activity in communities with a high prevalence, whereas Oxford has a low incidence of tuberculosis.
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PuBpoi peTaAAaZNC yia QUAOYEVETIKA avAAuaon Kail TTIdnUIoAoyia

Box 2 | Phylogenetic analysis

Pathogen

Staphylococcus aureus
Clostridium difficile
Mycobacterium tuberculosis
Streptococcus pneumoniae
Helicobacter pylori

Vibrio cholerae

Escherichia coli

*X.D., unpublished observations.

Mutations per
site per year

3.0x10°
5.3x107
1.1x107
1.6x10°
1.9x107°
8.3x1077
2.26x1077

Mutations per
genome per year

8.4
2.3
0.5
3.5
30.4
3.3
1.1

Refs

48,57

87
82
88
37
89



TauTtoTtroinon Tou €idoug

KAaoOoIKEC uEBODOI:

«  Xpwon katd Gram

* Avarrrtuén kai poppoloyia KaANIEpYEIQG
*  [pAyopes BIOXNMIKES AVTIOPATEIG

*  AAN\Q CUUTTANPWHATIKA TEOT.

MTTopei va dlapkETouv PEXPI Kal 24 WPEG.

OAo kai epioooTepo xpnaipotroieital To 16S rRNA, aAAG pTTopei va XpelaoTei 2 eTTITTAEOV
MEPEG.

H @aouatookoTtria palac MALDI-TOF (matrix-assisted laser desorption/ionization—

time of flight) etriong xpnoiyotrolcital o kKATTOIO EpyacTrpla. NiveTal evToTouog Blopopiwyv OTO

Ociyua Kal TO TTPOQPIA auTd CUYKPIVETAI JE TO TTPOPIA YVWOTWV TTaBoYyOVwWY TTOU BpicKovTal o€

MIa BAon OeQOPEVWV.

glq)\o G)KplBé MNxavnua (ekatovtadeg XINAdEC eupw) aAAG TNV e¢€Taon (~1 eupw ava
giypa).

H diadikaoia dlapKei HEPIKA AETTTA.

H péBodocg auTth dev £xel ueEYAAN eUkpivela o€ OTI aQopd KOVTIVA €idn BakTnpiwy (TT.X.

Mycobacterium bovis & M. tuberculosis). Aev divel GAAEC CWTIKES TTANPOPOPIEC OTTWGS

avOeKTIKOTNTA O€ avTIRBIOTIKA ) TTaBoyévela.



AVOEKTIKOTNTA O€ avTIBIOTIKA

Eival To 1m0 KpioIgo oTddio, yiati av yivel A\dBog, o acBevic Ba avTINETWTTIOTEI PE Eva
avTIBIOTIKO TTOU OeV £XElI OPAON KAl ETTOPEVWCS Ba Xabei TTOAUTINOG XPOVOC OTNV
QAVTIMETWTTION TOU TTaBoyovou.

Xpelaletal XpOvocg yia va avaTtrTuxoei To BakTrplo.

Me poplakéG nEBOOOUC PTTOPET Va eAEYXBEi av Eva BakTAPIO YEPEI YyoVidlo TTOU TOU divel
avOekTIKOTNTA o€ avTIBIOTIKA. [1X. H TTapoucia Tou yovidiou mecA deixvel av o
Staphylococcus aureus cival avBekTIKOG 1] 61 oTnv methicillin.



EVTOTTIONOC TOCIKWY OUCIWV TTOU TTAPAYOUV Ta BakThpia

2.€ KATTOIEC TTEPITITWOEIC, €iVAl ONUAVTIKO VA UTTOPOUNE VA EVTOTTIOOUNE av TO TTaBoyovo
QEPEI MIa TOEiVN, WOTE va XOpNYHOOUUE TO AVTiOOTO.

[1.x o€ poAuvoeic ue Corynebacterium diphtheriae ) Clostridium

difficile o evrotmiopog TnG Togivng KaBopilel av Ba xopnynBei avtidoTo Kal TToid Ba gival n
QVTIMETWTTION TOU aoBevouc.

2AMEPQA, O EVTOTTIONOG TNG TOLCIVNG YiveTal ue peBddoug PCR 10U €vTOTIiCOUV TO YOVIdIO
TTOU TNV TTapAyel. Autr n HEBOOOGC OUWG eV ATTOTEAEI EPYACTNPIAKK POUTIVA KAl OUVABWG
YIVETQI O€ €pYQOTpIa avapopag.



TauTotroinon €idoug oTnV ['eVWHMIKL €TTOXN

To BakTnpiakd yovidiwpa atroTeAEiTal atrd TTOAAG yovidla TTou PETAKIVOUVTAI (accessory
genome). Apa, d¢v gival KaAoi OEIKTEC yIa QUAOYEVEDN,.

XpelalduaoTe yovidla OeiKTEC TTOU OV UETAKIVOUVTAI (Core genome).
Tautotroinon pe 53 PIBOCWHIKES TTIPWTEIVEC TTOU Eival TTAPOUCEC 0 OAA Ta BAKTHPIA.

Me BAaon 10 YeEVWHIKO KPITAPI0, dUO BakTrpia BewpouvTal dIa@OPETIKA €idn av n TauTion
o€ ETTTTEDO VOUKAEOTIOIKWY aAAnAouxiwy gival KATw atrd 95%.



TautoTtroinon €idoug aTtn NevwuIkn £TTOXN

MLST revisited: the gene-by-gene approach to bacterial genomics.
Maiden MC1, Jansen van Rensburg MJ, Bray JE, Earle SG, Ford SA, Jolley KA, McCarthy ND.
Nat Rev Microbiol. 2013 Oct;11(10):728-36. doi: 10.1038/nrmicro3093. Epub 2013 Sep 2.

http://www.ncbi.nlm.nih.gov/pubmed/23979428

OAa 1a Baktriipia £€xouv 16S rRNA yovidia, Ta oTToia XpnoigoTTolouvTal oTrn QUAOYEVEDN VIO va
YivVel N €GENIKTIKA OpadoTToinon Twv OPYAVIOHWV.

QoT1é00, T0 16S rRNA b¢v €xel apkeT TTANpo@opia (METAAAAEEIG) yia va dIaxXwpIoTOUV 2 KOVTIVA
€idn ) oteAéXN Tou idIoU €idoug, yiaTi N akoAouBia ptropei va eu@avifetal oAdIdIa HETAEU TOUG.

To TTPORANUa auTd CetTepvIETAl JE aAANAOUXION TTOAAWYV dl1a@OPETIKWY house-keeping yovidiwv
(multilocus sequence typing - MLST) Ta otroia Katd kavova dev ugioTavTal opifovTia heTapopd
Kl €ival QPKETA TTOAUMOPPIKA.



TauToTroinon €idouc otn I'evwpiIkn £TTOXN
MLST revisited: the gene-by-gene approach to bacterial genomics.
Maiden MC1, Jansen van Rensburg MJ, Bray JE, Earle SG, Ford SA, Jolley KA, McCarthy ND.
Nat Rev Microbiol. 2013 Oct;11(10):728-36. doi: 10.1038/nrmicro3093. Epub 2013 Sep 2.

http://www.ncbi.nlm.nih.gov/pubmed/23979428

Mia iepapxIkn TTpoc€yyion gival n BEATIOTN AUon.

Phylu m\ 16S rRNA Ribosomal Whole-, core-
sequences MLST and accessory-
Class (1 locus) (53 loci) genome MLST
Order (>500 loci)
Family T
Genus (7 loci)

Species

Lineage or clonal complex

L
Strain
\"\

~_
~

Meroclone ~_

~
~

Clone ™~_

~



To yEAAOV - MeTayevwuIkn avaAuon

210 MEAAOV Ba BEAoUE va avaAUoouuEe Ta dEiyuaTa yia TTaBoydvoug HMIKPOOPYaVIGHOUG
Oixwg va xpeialeral kaAAiEpyeia. Me auto Tov TPOTTO UTTOPOUHE VA ETTITAXUVOUE TN
O1adIKaoia, N aKOMA KAl VA JEAETACOUNE PIKPOOPYAVIOMOUG TTOU DeV €ival EUKOAN N
KAANIEPYEIQ TOUG.

AUTO PTTOPET VA YIVEL HE TN JETAYEVWHIKK, OTTOU TTaipvouuEe TO OAIKO DNA atrd éva deiyua
Kal To aAAnAouxouue. Oa uttapxel kal avlpwTtrivo DNA, oTig aAAnAouxieg pag, Ouwg Ba
MTTOPOUME VA TO aPaIPECOUNE ATTO TN BIOTTANPOPOPIKI) avAAUON KAl VA ETTIKEVTPWOOUUE
OTOUG JIKpOOpYaviououg. ‘ETal, N TTOAUTTAOKOTNTA TOU OEIYHATOG MEIWVETAI ONUAVTIKA KAl
OIEUKOAUVETAI/ETTITAXUVETAI N AVAAUON TWV OEQONEVWIV.



E@appoyec [ ovIOIWPATIKAC
'EAEYXOC €CEAIKTIKWYV UTTOBECEWY -
[1poEAEUON -

EtmidonuioAoyia



Emidonuia xoAépag otnv Aitr) 2010

*Metd tov celopd oty At (Iavovaprog 2010), Eéonace emdnuio yorépac (OxtmPplog
2010).
*To Baktrpro Vibrio cholerae ehevBepdvel pio ToEivn mov TPokaAEl EVTOVES O1APPOTES
KOl 0pUOATOOoT), £m¢ Ko OAvato, VIO OALYOV OpOV, 0V OEV AVTILETOTIOTEL!
*H petddoon yivetor 0tov Ta KOTPOva EVOC LOAVGUEVOD aTOLOV £pBOVV GE ETOPT LUE
OGO VEPO 1 TPOOT).
*Ta dtopa TOL OEV TAPAYOLV OPKETO YOOTPIKO VYPO GTO GTOUAYL TOVC, 1] TOL ATOUO LE
oudoa aipatog O glvou o evdAmTO.
*To Vibrio cholerae vrtdpyetl oe vodTIva TEPIPAALOVTA OV TV VPNALO Kol €AV O1
ocvvOnkeg elvan evvoikéc, umopet va Eeomdioet emonuio.
*H yoAépa etvar dradedouévn oty Acio.
*To TpdTo KpovouaTo TOPATNPNONKAY GE KEVIPIKES TEPLOYES TOV VNGOV, GTIV KOIAAO,
Artibonite, pia efooudda petd v Elevon Nemadé{mv KuavOKpovmv, KOVIQ 6TO
GTPATOTEDO TOVC.
* AVppoto oo 10 oTPATONESO KATEAN YOV GE YEITOVIKO TOTAUO.
*O1 xdrotkol katnyopnoav tov OHE 011
*01 KvavoKpavol Tov Npbav va fonbrcovv gvbivvovtal Yo to EEomacua g
emonuiog.
*011 0 OHE mpoondfnce va amokpOYEL TO YEYOVOS Kol va. Unv avoaAdPet Tig evbiveg
TOV

HECTOOAV TAPAYEC.



Emonpia xoAépag otnv Aitr ) 2010

* AAANAOVYIOT TOV YOVIOIMUATOC:
*2 KMVIKOV GTEAEYDOV A0 TNV TOPLVN €mONUia oty Ait.
] KMvikO oTéleyoc amd TNV emonuia tov 1991 ot Notwo Apegpikn).
*2 otéAheyn mov amopovodnkay otn Notwo Acia to 2002 ko 2008.

*Entiong ypnowomomOnkay ot pePIKES aAAnAovyiec amd 23 dAAa oTeEAEYN ava TNV
veNALo (Ta TeEAgvTaia 98 ypovia).

1588 cuvinpnuéeva opBoAoya yovidla ypnoporomOnkay and 1o kébe otéAleyod,
Y10, VoL YIVEL TO PUAOYEVETIKO OEVOPO.



Emidnuia xoAépag otnv Ait 2010

ORIGIN OF CHOLERA OUTBREAK STRAIN IN HAITI

CIRS 101 Bangladesh 2002
M4 (MDC126 Bangladesh 2008)
M]J-1236 Bangladesh 1994

B33 Mozambique 2004

MO10 India 1992

RC9 Kenya 1985
N16961 Bangladesh 1971

', C6 (C6706 Peru 19912

BX330286 Australia 1986
NCTC 8457 Saudi Arabia 1910
MAK757 Celebes Islands 1937
b 2740-80 United States 1980

0395 India 1965
_:vsz Sudan 1968

1587 Peru 1994

62-339 Bangladesh 2002
TMA?21 Brazil 1982

AM19226 Bangladesh 2001

MZO-2 Bangladesh 2001
MZO-3 Bangladesh 2001

12129(1) Australia 1985

TM11079-80 Brazil 1980

V51 United States 1987

V0426 UK Unknown

RC385 Chesapeake Bay 1998

Figure 2 (facing page). Reconstructing Phylogenetic
Relationships among V. cholerae Strains.

Panel A shows the phylogenetic relationships among
pandemic V. cholerae strains on the basis of single-
nucleotide variations identified among all strains for
which a set of 1588 orthologous genes has been com-
pletely sequenced.® The magnified inset represents
strains in the seventh pandemic, including H1, H2,
M4, C6, and N5. Panel B shows the phylogenetic rel-
ationships among a broad set of seventh-pandemic
V. cholerae strains.*® The phylogenetic tree is rooted
with three pre—seventh-pandemic strains.
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Figure 2 (facing page). Reconstructing Phylogenetic

Relationships among V. cholerae Strains.
Panel A shows the phylogenetic relationships among
pandemic V. cholerae strains on the basis of single-
nucleotide variations identified among all strains for
which a set of 1588 orthologous genes has been com-
pletely sequenced.*® The magnified inset represents
strains in the seventh pandemic, including H1, H2,
M4, C6, and N5. Panel B shows the phylogenetic rel-
ationships among a broad set of seventh-pandemic
V. cholerae strains.*® The phylogenetic tree is rooted

with three pre—seventh-pandemic strains.
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