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Baktnplakoc MAnBuopuoc

‘Evag Baktnplakoc tAnBuouog xapaktnpiletat anod tnv ¢avoTumnikiy Ko tnv
YEVETIKN ToU nowKlAopopdia

T

KAWVLKOC KN KAWVLKOG
Xapaktnpiletol amno xapunAn n kot kaboAou Xapoktnpiletat and vPnAr YEVETIKNA
VEVETLKN TtolKIAopopdia avapeoa ota nolkilopopdia avapeEsa oTa EMKPATH
ETILKPOTN OTEAEXN TOU MANBUCHOU o€ KOLL N OTEAEXN TOu TTANBUGHOU TL.Y.
omoLadnTOTE XPOVLKN OTIYUN T.X. Salmonella Pseudomonas aeruginosa
typhi
Clonal Reticulate Clonal-Reticulate
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KAwviko¢ Baktnplakoc NMAnBuopuoc
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Mn KAwvikoc Baktnplakoc MAnBuouoc

499 typeable Pseudomonas aeruginosa
isolates (n = 272 sequence types).
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Kidd TJ, Ritchie SR, Ramsay KA, Grimwood K, Bell SC, et al. (2012) Pseudomonas aeruginosa Exhibits Frequent Recombination, but Only a Limited
Association between Genotype and Ecological Setting. PLOS ONE 7(9): e44199. doi:10.1371/journal.pone.0044199
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0044199
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272 sequence types

high genetic
diversity
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KAWVIKOC ===} Mn KAWVLKOC
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Tunomnoinon

opiletal n dtadikacia KOt TNV omola PaypATomoLE(Tal avaAuon GalvOTUTILKWY /Kot
YOVOTUTILKWYV XOPOKTNPLOTLKWY TWV OTEAEXWV ToU €idouc mou peAetatal.

Dawotunikég M£Bodol Moplakég M€Bodol

*Pulsed-field gel electrophoresis
*Multi Locus Sequence Typing
*Double Locus Sequence Typing

DNA Finger print

M
i —

*MikpofBLakn EvaloBnoia
*AVTLYOVLKI) TUTTOTTOLNON
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M@uAoyeveTikn avaAuon

opiletaL n dtadikaoia katd tnv omoia mpaypatonoleital N LEAETN TNG EEALENC YEVETIKA
KOVTIVWV POKTNPLOKWY OTEAEXWV EVOC €L60UC

Fvetal pia ekTipnon Tg XPOVLKAG
OTLYUNG/SLApKELAC KOTA TNV OoTtolal
TPOYUOTOTIOLRONKE N YEVETLKN
aAlayr o€ Eva GUVOAO OTEAEXWV
mou potpadovtal tov (Lo mpoyovo

AvaAUOVTOL OL YEVETIKEC AANAYEC

mou cupPaivouv katd tn SLapkeLla

NG €€EALKTLKAC TTOPELAC EVOC
nAnBuopov

Katavoouvtol oL 0XECELC

METAEL TNG apXEYOVNG
aAAnAouxiog pHe AUTEC TwV
QTIOYOVWV TNG

The goal of phylogenetics is to infer
evolutionary relationships between species.

This includes both information about order of
branching, .e.g., did humans and chimpanzees
share a common ancestor more recently than
humans, chimps and gorillas? And information
about timing of events, e.g., how long ago did
humans and chimps share an ancestor? Darwin’s sketch: the first
phylogenetic tree?




KAINIKA BAKTHPIAKA 2TEAEXH

*Avayvwpiletal o EMONULKOG KAWVOC

*[MANPNG emdnuoAoyikni HeEAETN/emttripnon
sAvtipetwrniileto/mpoAapfavetal pa emdnpia
gv g€elitel
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accurately A
detect /\ﬂ 2y /2
harmful bacteria _L, Eji" | ,-i .J‘;
= [ s | [

===

MEPIBAAAONTIKA BAKTHPIAKA
2TENEXH

o.....0AAQ KoL N TINYN TtPOEAEUONG
e ®.......KOL TLEPLBAAAOVTLKA....
o...TpOdLUOYEVNG, LSATOYEVNAC....

Hey, think you can detect me? ]

o l’f If you' re so waorried, A
7 ydon' t you just ‘eliminate us all?
k.
Ary Ll"u"laybe with a heavy dose of preservatives?
i

§

= Or, throw this food away!
rid Better safe than sOrry!




KAINIKA BAKTHPIAKA STEAEXH MEPIBAAANONTIKA BAKTHPIAKA
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Outbreaks
clinical + environmental

Molecular Epidemiology of Chronic Pseudomonas
aeruginosa Airway Infections in Cystic Fibrosis

Nina Cramer', Lutz Wiehlmann', Oana Ciofu?, Stephanie Tamm’, Niels Hoiby? Burkhard Timmler'3*

Abstract

Background/Methods: The molecular epidemiology of the chronic airway infections with Pseudomonas deruginosa in
individuals with cystic fibrosis (CF) was investiqated by cross-sectional analysis of bacterial isolates from 51 CF centers and
by longitudinal analysis of serial isolates which had been collected at the CF centers Hanover and Copenhagen since the
onset of airway colonization over 30 years,

Results: Genotypmg revealed that the . aeruginosa populanon in CF is dominated by a few UquUIIOUS clones The five

in other human disease habitats. Tumover of clones in CF aiways was rare. At the Hanover clinic more than half fthe
patient cohort was still harbouring the initially acquired clone after twenty years of airway colonization. At the Copenhagen
clinic, however, two rare clones replaced the initially acquired individual clones in all but one patient.

Conclusion: The divergent epidemiology at the two sites is explained by their differential management of hygiene and
antipseudomonal chemotherapy. Hygienic measures to prohibit patient-to-patient transmission and the modalities of <
antipseudomonal chemotherapy modify the epidemiology of the chronic P. aeruginosa infections in CF. Non-CF Environment




Outbreaks
clinical + environmental

Eur J Clin Microbiol Infect Dis. 2016 May; 33030741 -6. doi: 10.1007/210086-016-2391-2. Epub 2016 Feb 10.

Comparative study of all Salmonella enterica serovar Enteritidis strains isolated from food and food animals
in Greece from 2008 to 2010 with clinical isolates.

Papadopoulos T1, Petridou Ez, Zdranas AS, Mandilara G4, Hair 55, FPeters TG, Chattaway ME, de Pinna E5, FPassiotou m?, Watopoulos at

+ Author information

Abstract

The aim of the present work was to study the epidemiology of Salmonella enterica serovar Enteritidis (S. Enteritidis) in Greece,
comparing all the food and food animal isolates during a 3-year period with clinical isolates. Submission of the generated data to the
PulseMet Europe database was carried out in order to study the population structure of this particular serovar and indicate possible
connections with European strains. One hundred and sixby-eight {168) 3. Enteritidis strains of human, animal, and food origin, isolated
during the period 2008-2010 in Greece, were studied. Strains were characterized by phenotypic (antibiofic resistance) and molecular
[pulsed-field gel electrophoresis (PFGE) and multilocus sequence typing (MLST)] methods. PFGE revealed 39 ¥bal, 48 Blnl, and 50

¥hal-Binl distinct pulsotypes, suggesting several clones circulating through the food chain and multiple sources of transrmission.
Submission to the Pulseret Europe database indicated that PFGE profile SENTXE 0001, the most common PFGE profile in Europe,
was also predominant in Greece (33.3 %). MLST showed that all the strains studied shared the same sequence type (ST11),
representing the most common ST in Europe. High rates of resistance to nalidizic acid were observed among human and poultry
isolates (~25 %), indicating the potential fluoroguinolone treatment failure. Our data sugoest that strains originating from multiple
reservoirs circulated in Greece through the food chain during the study period. Predominant profiles in Greece were cormmon to
Pulsenet Europe profiles, indicating similarities between the S. Enteritidis populations in Greece and Europe.

PRI 26564044 DOk 1010071 0096-01 §-25581 -2

[PubMed - in process]



MOPIAKEZ TEXNIKEZ

e OLONUOVTLIKOTEPEC LLOPLAKEC TEXVLKEC TIOU £XOUV XpnoLuomoLn et
oTnV TuTtoolnon Baktnpiwv Kal o€ SLAYVWOTIKEC LEAETEC:

e >Teyxvikeg PCR kat ot edpappoyec tne m.x. ERIC-pcr, RAPD-pcr,
AFLP, Real Time pcr Ny
MLST &%,

 >HAektpodopnon petaBAntov nediov (Pulsed Field Gel

e Electrophoresis)

 >Tunonoinon péow aAAnAovxionc (Sequence Based Typing ..
* MLST, DLST)

Dalsiet

The International Molec ertypgNIwkl

Faodbo ne Disease Surveillance
USA, Canada, Europs, Asia Pacific, Latin America, Midde East
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Eldwkoi/Tuxaiotl EKKLVNTEG
* MIKPQA TUAMOTO TOU YEVETIKOU UALKOU

e Aev aVLXVEUETOL ETAPKWCE N CUYYEVELA SUOo N
K TLEPLOCOTEPWV OTEAEXWV
NMAARpNG mpooPacn 0TO YEVETLKO UALKO

ePubMed, MLST

e EAAUTTN G eTuidnoAoyikny dtepeuvnon
(http://www.mlist.net/misc/new schemes.asp)

e AMayEg ota yovidia (insertion, deletions,

duplications k.a.)

* ETTOPKNC ETULONULOAOYLKH TIPOCEYYLON


http://www.mlst.net/misc/new_schemes.asp

Pulsed Field Gel Electrophoresis
(PFGE)

XpNOLUOTIOLELTOL YLAL TNV TUTTOTtOLNOoN oTEAEXWV TOU LOiov eidoug
Anpoupyia malcotuniwyv (Pulsotypes)

SteukoAUvel 1™ OSwodkaocia TPoodloplopoU  «OHOoLOTNTAC /OUYYEVELOG»  METOEU

KAAALEPYNUATWYV TTOU Ttpoekuav: } eruBeBaLVEL 1 amoppinTeL TNV

UnoBeon OtL ta KaAAlepynpoto
nponABav amno Kown eotia

arno tn Stepevivnon pLag emdnpiog

€A\eyxoc mopelac petadoong evog faktnpiou

MAnpodopiec yia tpomo petadoong Baktnpiov
Eupeon reservoir (6e€apevic) N eotia poAuvong
Xapaktnpiletol oo vPnAn TUTTOTIOLNTLKA LKAVOTNTA KoL SLAKPLTLKN LKAVOTNTA

AmntoteAet tnv ‘gold standard method’



Pulsed Field Gel Electrophoresis
(PFGE)
Apxn nebodovu

Alaywpilovtol peyalo tuApata  xpwpoooupltkov DNA  edappolwvrtog
NAEKTPLKO Tedio, To omoio meplodika aAlalel katevBuvon peca oto gel
(maAAOpevo nebio)
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The Pulsed-field Gel

—lectrophoresis Process

UNAJZ ngy In Plugs Pulsed-field Gel Electrophoresis (PFGE)

M Cut DNA with Restriction Enzyme

The scientist takes The bacterial cells are

Bagcterial cells from broken open with :

an agarplate. biochemicals, or lysed,
so that the DNA is free in o
the agarose plugs. The scientist loads the
o DMA gelatin plug into"a.gel,
© and places it in an electric
field that separates DNA

fragments according to
Plug Mold their size.

‘ “ “ “ ‘ Data Analysis (BioNumerics)

o The gelis stained so that
e DNA gan besseen under
ultraviolet,(UV) light.
A digital camera takes a
photograph of the gel
and stores thie picturs in
The scientist mixes bacterial the computer.

cells with melted agarose and
pours into a plug mold.

Bacterial Culture

Bliaeg X
Lyse Cells and Wash Plugs
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http://www.cdc.gov/pulsenet/pathogens/protocolimages.html#pfge



Pulsed Field Gel Electrophoresis
(PFGE)

Figure 2. Dendrogram depicting 30 representative isolates of Acineiobacier baumannii species obtained

from CICU.
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Pulsed Field Gel Electrophoresis
(PFGE)

Advantages of PFGE

*High concordance with epidemiological relatedness

*Can be applied as a universal generic subtyping method for many different bacteria with only
the choice of the restriction enzyme and electrophoresis conditions optimized for each
species

Stable and reproducible DNA restriction patterns

*More discriminating than methods such as ribotyping or multi-locus sequence typing for
many bacteria

1. Cholera epidemic associated with consumption of unsafe drinking water and street-vended water--
Eastern Freetown, Sierra Leone, 2012, Nguyen VD et al, 2014

2. Epidemiological characteristics and molecular typing of Salmonella enterica serovar Typhi during a
waterborne outbreak in Eastern Anatolia, Bayram Y et al, 2011

3. A waterborne Campylobacter jejuni outbreak on a Greek island, Karagiannis | et al, 2010

4. Isolation of Pseudomonas aeruginosa from open ocean and comparison with freshwater, clinical, and
animal isolates, Khan NH et al, 2008
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Molecular Characterization of
Salmonella Serovars Anatum and
Ealing Associated with Two Historical
Outbreaks, Linked to Contaminated
Powdered Infant Formula
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FIGURE 1 | Dendrogram of combined puisotyps profios g
S. Anatum and S. Esling isckates.

.~

Human strains, milk,
baby powder:
genetically related!!!

Human strains genetically
distant from the epidemic
clone!!

with Xba 1 and 5po1, of genomic DNA from




Pulsed Field Gel Electrophoresis
(PFGE)

Limitations of PFGE

*Time consuming (7 days)

*Does not discriminate between ALL unrelated isolates

*DNA restriction patterns can vary slightly between technicians

*Cannot optimize separation in every part of the gel at the same time

*Bands of same size may not come from the same part of the chromosome
*Change in one restriction site can result in more than one band change
*“Relatedness” should be used as a guide, not as a true phylogenetic measure
*Some strains cannot be typed by PFGE

*Clonal bacterial populations do not discriminate by PFGE such as Salmonella typhi



Multiple-Locus Variable number
tandem repeat (MLVA)

e Eivar pla péBodoc mou ekpetaAAeletal tov TOAUMHOPPLOMO Kal TG OSladoyka
enovalapBavopevec aAAnAovyiec tou DNA o€ €vav CUYKEKPLUEVO LL.O.

e "VNTR" onpaiver "Variable Number of Tandem Repeats" = mnowilog aplOuo¢
emovalappavopevwyv aAAnAouxlwyv

* Hla OElpA Omo KaAd €eTIAEYHEVOUC Kol Yapaktnplopévouc (amd amoyn pubBuov
HETAAAAENC Kal TNG TToKIAopopdiag) yovidlakoug tonouc moAlamAaoialetat pe PCR.

e To kabBoplopévo peyeBoc (MAKOC tTNC aAAnAouxiag) tou KABe yovidlokoU TOTOU
XPNOLUOTIOLELTAL Yla va. UTIOAOYLOTEL O apPLOUOC TwV emavolapBavopevwy povadwyv o€
KAOE YEVETLKO TOTO

e O apBuoc autog amoteel to MLVA mpodil tou kaBe oteA€éXouc, To omoilo Umopel va
ouyKkplOel eUKoAa pe Baoelg dedopévwy avadopdc.

GATAQAAACTGGGAAACTTGGAAACTGGGTCCACAG

Tandem Repeats

Flank Repeats Flank




Locus 1

Strain A: VN'TR array 4x3
atgggtaatccgtcgACgC
Strain B: VNTR array 4x5
atgggtaatccgtcgACgC

ACgCgccaatcgatacgat

ACgC ACgCgccaatcgatacgat
Locus 2

Strain A: VNTR array 3x4
getaccggtaaagegc ACC ACC
Strain B: VNTR array 3x6
ACC ACC

ttgacactgeceggttg

ggtaccggtaaagcge ACC ttgacactgccggttg

tgacatggetaatccgtcg ACgC

Offset 1

VNTR array

Avo ‘tomol amdé SiadopeTika
oteAéxn Ttou dov eidouc. Ou
enavalappavopevec aAAnAovyxieg
glval oL XpPWHATLOTEC.

Offset 2

ccaa ngZlf’E.l (_?g}l tgil;(: a tcg

Ou Forward primers sivar onpacpévol pé kamowa ¢Oopiflovoa ovcia £tol
wote 1o PCR product va pmopei va avixveuBel xpnotlponotwvtag po 8kn

nAektpodopnon, high

sequencer).

resolution capillary electrophoresis (automatic



MLVA Process Lo

(Multiple Locus Variable-Number Tandem Repeat Analysis)

Bacterial Culture

Bod bacteria 10 refease DNA

o Sclentists load the Sample Plate
PCR procucts mto a

- sample analysis plate

- and mix them with

— chemicala that heip

them determine the

size of the product,

High voltage
power suppy

Using capilary slactrophoresis, the ragment analyss
zohution is run though a gol matrix in an clectric Seid
10 determine the sizes of the DNA fragmenta

Sclantists take
bacterial colls
from an ager plate
and bod the cefls

10 rolease DNA, Alter PCR, sclantists must

gotermnma the s2e of the
PCR products. The different
stres will toll sclantists how
related the bactenal straing
are to each other.

Lo dad b bbbl gy

e The data outpat of the MLVA process Is calied an glectropherogram. It
shows the DNA standards of known size In red, and the sizes of the PCH
products in blue, green, and black. The PCR products sizes are converted
mo alisle types using special software, which lots scentists determing how
closoly they are related,

Sclontists have 1o dotoct tho DNA,
region neaded for 1his type of Snger
printing. cabed the vanable-numbes
tandom ropeat arrays (VNTR)L To do
this, thoy use polymerase chan
reaction (FCR), which combines the
DINA with chemicals to ampily

the VWNTR.

http://www.cdc.gov/pulsenet/pathogens/protocolimages.html#tmlva
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PulseNet MLVA
protocols — General NAATMOPMA TOY ECDC (European Center for Disease
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and Control)

Eija Trees, Ph.D., D.V.M

PulseNet Methods Development and Reference Unt
Enteric Diseases Laboratory Branch
CDC, Atlanta, GA
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MLVA

Databases

Hormme : Databases » Staphylococcus aureus

Statistics
> Bordetella pertussis Staphylococcus aureus 1271272016

» Haemaphilus influenzae Staphyiococcus gureds is an important bacterial pathogen that is

» Meisseria meningitidis associated with serious community-acquired and nosocomial diseases,
Although &, sureus can cause a wariety of serious clinical syndromes

Total - 5425 profiles

~ Staphylococcus aureus .
such as bacteremia, pneumonia and endocarditis, it seems to be Total - 62 complexes

omnipresent and is often carried without any clinical symptoms,
* Protocols and Tables Carriers may spread the pathogen infecting individuals who may
develop disease, The introduction of methicillin has led to the rapid
ermergence of rmethicillin-resistant 5. aorews (MRSA) and is posing a
major clinical problem within hospitals worldwide

» Background
Contact:

Leo Schouls
* Single profile query
* Multiple profile query

» Streptococcus pneumoniae

Multiple-Locus ¥Yariable number of tandem repeat Analysis
(ML¥A) of Staphylococcus aureus

In order to understand the population biology of 5. aurews and to study
the impact of rmeasures to control MRSA infections unambiguous
characterization of 5. asweus isolates is required. Many typing
techniques have been emploved for the analysis of 5, gureus of which
multi-locus sequence typing (MLST) is considered to be the current
gaold standard for molecular typing of 5. awreus. However, MLST is
expensive, labor intensive and therefore not the method of choice for
high throughput typing for most laboratories, Spa-seguence typing is a
portable technique and is relatively easy to perform. & disadvantage of
this technique is that it is based on a single locus in the genome anly
and clustering and tree-building of 5. auwreus isolates based on
spa-data is complex. For these reasons we dewveloped a typing
technique based on the composition of genomic loci containing tanderm
repeats, Several MLUYA schemes for 5, sureuws have been designed and
used to type this pathogen, Howewer, these MUWA schemes rely on
analysis in agarose gels making them less accurate and often not
portable, The MLV A used here is based on accurate band sizing using




Multiple-Locus Variable number
tandem repeat (MLVA)

Advantages of MLVA

*MLVA may be able to differentiate suspected, fast-evolving bacterial strains from an outbreak
even though those strains might look the same using other methods of DNA fingerprinting,
such as PFGE

*PulseNet suggests MLVA as a complementary technique to PFGE, allowing microbiologists to
see more detailed differences between bacteria that have similar PFGE patterns.

Limitations of MLVA

*Requires a trained and skilled technician

*|s not a practical routine subtyping method because a specific protocol must be used for
each pathogen

*A few standardized protocols are available, but only the most common pathogens are
subtyped by this method



Falay & al. BMC infectious Diseaces (20016) 16371
DN 101 18641 2EF- 01616021 BMC Infectious Diseases

RESEARCH ARTICLE Open Access

Microbiological, clinical and molecular @
findings of non-typhoidal Salmonelia

bloodstream infections associated with

malaria, Oriental Province, Democratic

Republic of the Congo MLVA analysis ot the Salmonella I'yphimurium isolates

revealed heterogeneity with 23 different profiles across 54
isolates collected between 2009 and 2014 (Simpson’s D =
0.95) (Additional file 1: Figure S51). The Salmonella
Typhimurium isolates also showed an even distribution
wrow  (Shannon’s H' = 2,90 and E = 0.93). Forty-four of the 54
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Lienemann et al. BMC Microbiology (2015) 15:131
DOl 10.1186/512866-015-0467-8

BMC
Microbiology
RESEARCH ARTICLE Open Access

Characterization of Salmonella Typhimurium ® s
isolates from domestically acquired infections in
Finland by phage typing, antimicrobial

susceptibility testing, PFGE and MLVA

Table 3 Discriminatory power of three typing methods for 375 sporadic 5. Typhimurium isolates

Method No. of profiles Simpson’s DI (95 % Cl)
PT 31 0.749 (0.703-0.794)
Xbal-PFGE 83 0.829 (0,792 865)

5-loci MLVA 111 0.867 (0.835-0.898)
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Staphylococcus aureus strains
associated with food poisoning
outbreaks in France: comparison of
different molecular typing methods,
including MLVA

TABLE 4 | Multiple-locus variable-number tandem-repeat analysis, PFGE and spa-typing results from a panel of 146 not epidemiologically related strains.

Number of analyzed Number of successfully ID and Cl 95%: Total number of Total number of
strains typed strains distinct types unique types
MLVA 146 146 0.997 [0.995-0.95) 125 103
PFGE 146 146 0,945 (0.992-0.948) 118 100

spa-typing 146 142 0.970 (0.950-0.982) 7 50



Multiple-Locus Variable number
tandem repeat (MLVA)

*+ MAEONEKTHMATA:
v Elval PCR-based puébodog, kattL mou tnv Kablota armAr), ypriyopn Kot ¢ptnvin

v YPnAn SLaKPTLKN LkovoTnTa yLo TUTTomnoLnon W.o.

MEIONEKTHMATA:
v Ol emovoAopPAVOUEVEC TIEPLOXEC YEVETLKOU UALKOU UTIOKELVTOL CUXVA OE UETTAAAEELC,

OTIOTE KOl SEV UTTOPOUV 0T CUVEXELD VAL OVIXVEUBOUV aTto TOUC EKKLVNTEC



Multiple-Locus Variable number
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*Wang H. et al, Genotyping of Salmonella Typhi using 8-loci multi locus VNTR analysis, Gut
Pathog, 2016, doi: 10.1186/513099-016-0094-4

eJohansson E. et al, Genotyping of Pseudomonas aeruginosa reveals high diversity,
stability over time and good outcome of eradication, J Cyst Fibros, 2015, doi:
10.1016/j.jcf.2014.09.016.

*Rodriguez-Martinez S. et al, Spatial distribution of Legionella pneumophila MLVA
genotypes in a drinking water system, Water Res, 2015, doi: 10.1016/j.watres. 2015.03.010

*Krtiger A. et al, Genetic characterization of Shiga toxin-producing Escherichia coli 026:H11
strains isolated from animal, food, and clinical samples, Front Cell Infect Microbiol, 2015,
doi: 10.3389/fcimb.2015.00074.
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Avayvwpilet dapeoa TIc Sladopec oe aAAnlouxiec DNA ‘ouvinpnpévwv
yovidiwv’' (housekeeping genes) nou evtomniovtal oe oteA€xn Tou Wiovu eidoug

Tunornoinon peéow aAAnAouyxLong

‘EtoL xapaktnpilel Ta oTeAEXN armo To povadikd toug ‘Yyovidlako mpodil’ (allelic
profile) (http://pubmlst.org/paeruginosa)

nepthapPavel 1707(1686) aAAnAouyieg pe 2342 (2265) Sladopetikd mpodiA
(STs)

YPnAAQ TUTTOTTOLNTLKN LKAVOTNTA KOl AVOTTOPOYWYLULOTNTA, AAAQ OXETIKA XaUNAN
SLaKPLTIKA LKavoTnTa

AukoAn otnv epappoyn thg e UPNASG KOGTOG Kol amattei ToAv xpovo!!

PubMLST Database home Contents

Search Pseudomonas aeruginosa locus/sequence definitions database by combinations of loc

Please enter your allelic profile below. Blank loci will be ignored. Autofill profile

|_acs | a0 | gua | mut | nuo | pps | | ST. Autofil

Options Display/sort options Actian
Search: Exact or nearest match - Orderby: ST - ascending - Reset Submit
Display: 25 « records per page @
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Multi Locus Sequence Typing (MLST)

Multi Locus Sequencing Typing of Pseudomonas

aeruginosa

aroE(26kb)
mutL(5.549kb) trpE(670kD)

acsA(970kb)

guaA(4.225kb) L LA

: nuoD(2.983kD)
Select and amplify by PCR seven

essential or housekeeping genes
from genomic DNA

Allsle 2 TOTOTOOOGOOGOCTOCOALCCCCCT
Allele & X T.. AT

Allele 10 C cT

Allels ) T
Allele 3 T 3.0 IC 5
Allele 24 T
Allele & oivnveeedT? . C.0.0.7.....
'c.T ATT.TOTST. 6T .C

Conduct a phylogenetic
analysis based on
differences between
allelic profiles or
sequences to infer
genetic relatedness
between isolates

Allele 22 .

Compare sequences and
assign allele numbers and
sequence types (STs)

Sequencing

ﬂ

Sequence internal fragments

800-1000 bp ©Of the genes in
numerous isolates




Multi Locus Sequence Typing (MLST)

mMonday 12th Decermber 201E

DATA ANALYSIS DATA ANALYSIS

Welcome to the Multi Locus Sequence Typing home page DATABASES

MLET is a nucleatide sequence based approach for the unambiguous characterisation of
SUBMISSIONS isolates of bacteria and other arganisms via the internet.

The aim of MLET is to provide a partable, accurate, and highly discriminating typing system that
NEWS can be used for most hacteria and some other arganisms. It is ervisaged that this approach
will be particularly helpful for the typing of hacterial pathogens.

LINKS To achieve this aim we have taken the proven concepts of multilocus enzyme electrophoresis
(MLEE) and have adapted them =o that alleles at each locus are defined directly, by nucleotide
seguencing, rather than indirectly from the electrapharetic mahlity of their gene products.

MLST was developed in the labaratories of Martin Maiden, Dominigque Caugant, lan Feavers,
Mark Achiman and Brian Spratt,

This site is hosted at with funding from the
The location of the subsites for the individual species are shown an their respectwe front pages.

Far general information please arto register feedback ar interest

News
C. trachormatis MLEST scherme now available

Leptaspira sp0 MLST scheme launched
Borrelia burgdorfan MLST scheme launched

‘g‘\'\ MLST-maps : a facility for mapping the global distribution of Sequence Types. The
- MLST datahaszes have heen made availahle to view using either Gooagle Maps or
Google Earth,

0000 @ 0E0E0EEOEEEEGEDEDEEEOEEEDED 3 B @O

For comments, queries, bugs or suggestions please contact




Multi Locus Sequence Typing (MLST)

Pseudomonas aeruginosa MLST Database Citing the database
This ste uses two linked databases powered by the BIGSdD genomics platform, The sequence definition database contains allele sequence and MLST The preferred format for citing
profile definitions whereas the isclate database contains provenance and epidemiological information. Further details about BIGSdb can be found in this website in publications is
Joliey & Maiden 2010, BMC Bioinformatics 11:595.
This publication made use of
the Psevdomoanas nasd
o Information MLST website e
o Primers used for amplification and sequencing (Mttp:// pubmist org/
o Databases paerugincsa/) developed by
Keith Joliey and sited at the
X | fie
o Seqguence and profile definitions Unsiv of Oxford (Joley &
o Isolates Maiden 2010, BMC
o Policy document Bicinformatics, 11:595). The
o Submission of data development of this site has
o Submission history been funded by the Welicome
Trust.
e BIGSAD software
Status
o Recent publications using MLST in Pseudomaonas research
Sequence database

Sequences: 1686
Profiles (MLST): 2265
Last updated: 2016-04-19

The amendments to the P. aevuginosa datadase have now been completed, Where the only known isclate for a particular ST has
been reassigned, this has been noted in the profies database entry. If anyone requires a comprehensive list of the datadase
amendments, please contact e.pinnock@micropathology.com.

Isolate database

Isolates: 5515

Last updated: 2016-04-06
This MLST scheme was developed by Chris Dowson and Barry Curran at the University of Warwick, UK,

Database curated by Elll Pinnock. Primers for arof were designed by Daniel Jonas and Majo Grundmann.

e Curran B. et al, Development of a multi locus sequence typing scheme for the
opportunistic pathogen Pseudomonas aeruginosa, J Clin Microbiol, 2004, 42(12):5644-9
« Rosa van Mansfeld et al, Pseudomonas aeruginosa Genotype Prevalence in Dutch Cystic
Fibrosis Patients and Age Dependency of Colonization by Various P. aeruginosa

Sequence Types, J Clin Microbial, doi:10.1128/JCM.01462-09
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THE UNIVERSITY OF

WA K\/—V/I C ]( MLST Databases at UoW Wa rWI Ck

Medical School

Back | UoWMLST Home | Allele / ST Queny | Strain Query | Downloads | Analyses | Info | Login

For citation please refer to: Wirth, T., Falush, D, Lan, R., Colles, F., Mensa, P, Wieler, LH., Karch, H., Reeves, P R.,
Maiden, M. C., Ochman, H., and Achtman M. 2006, Sex and virulence in Escherichis coll an evolutionary perspective.
Mai Microbiol, 60(5), 1136-1151.

Update information: 5T complexes have been updated again on 17.05.2007. There are currently 600 STs and 54 ST
complexes. The criteria have also been changed and are now groups of at least 3 5Ts sharing & alleles in pair-wise
comparisons. The assignments of STs to some of the previous ST complexes have changed as a result, although we
have tried to maintain consistency.

ST complexes have been updated again on 24.08.2005. Multiple new ST Complexes have been assigned and multiple
5Ts have been assigned to known complexes. Due to the increased number of strains assigned to the ST29 Complex, it
has become unclear whether these bacteria are closely related or anly linked by one intermediate recombinant.
Therefore, this has now been split into the ST23 and 5T29 Complexes.

ST complexes have been updated on 23.11.2004. This includes the merging of ST21, 29 and 30 Complexes into 3T29
Complex and 5T3 and 17 Complexes into ST20 Complex. Multiple new ST complexes have been assigned. A number of
STz have been merged with other STs due to curation of the database.

Protocols used for MLST of Escherichia coli

Genes

The E. coli MLST scheme uses internal fragments of the following seven house-keeping genes:

adk {adenylate kinase)

fumC (furnarate hydratase)

girB (DA gyrase)

icd (isocitratefisopropylmalate dehydrogenase)
mdh (malate dehydrogenase)

purd (adenylosuccinate dehydrogenase)

recd (ATP/GTP binding motif)

PCR Amplification
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Back | UoWHMLST Home | Allele / ST Query | Strain Query | Downloads | Analyses | Info | Login

Salmonella enterica MLST Database.

Sequence:

Gene Fragment:

aroC -
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MLST 9565

*Néoucg STs

*AAOLYEC OTO OPXLKO TIPWTOKOAAO — av&non XpoOvou Kol KOGTOUC
*To mMpOPAnpa evioxuOnke kaBwg n pEBodoc PBpnke edapupoyn koL oe P
aeruginosa OTEAEXN TPOEPYXOUEVA aTO TIEPIPAAANOVTIKA EVOLALTAHATA OTIWC
LVSATIVA OLKOCUOTAMATA, XWHA, GUTA K.A.TL.

on GlaKplIlKl"] lKantnta tnc S Available online at www.sciencedirect.com INAGNOSTIC
pebodov dev efaptatal ano “:"f.f:#.é | ScienceDirect MICROBIOLOGY
oV aplOpud twv yovidiwv mou ELSEVIER e i e DISEASE
XPnotonolovvTo T ——

° ’ I 4 14
avaluon Ayotepwy yovidiwy Analysis of multilocus sequence typing schemes for 35 different

*HELWON KOOTOUG KAt Xpovou bacteria revealed that gene loci of 10 bacteria could be replaced to

aénon oaplOpol TWV UNO improve cost-effectiveness

uekétn OTEAEX(bV Patrick C.Y. Woo™"**! Alan K.L. Tsang®', Annette Y.P. Wong®, Hui Chen*®, Jocelyn Chu®,
Queanna K P T an®? 4% Kwak - Vino Yunen®P<d




Haenni et al. BMC Veterinary Research (2015) 119

D01 10,1 186/51 291 7-015-0324-»
EMC

Weterinary Research

RESEARCH ARTICLE Open Access

Population structure and antimicrobial
susceptibility of Pseudomonas aeruginosa from
animal infections in France

=

wlle  wf T
X

Results: Thimy-four already registersd and 19 new MLST profiles were identified. Interestingly, a few clones were
more prevalent, and clones associated o human outbreaks were also detected. Multidrug resistance phenotypes
were overall mre.




OPEN @ ACCESS Freely available online @ PLOS |one

Pseudomonas aeruginosa Exhibits Frequent
Recombination, but Only a Limited Association between
Genotype and Ecological Setting

geographical region. Overall, MLST identified 274 different sequence types, of which 53 were shared between one or more
ecological settlng5 Dur analysis revealed a limited association between genm_:y_Ee and environment and evidence of

e also found that genetic diversity of P. aeruginosa in Queensland, Australia was indistinguishable
from that of the global P. aeruginosa population. Several CF strains were encountered frequently in multiple ecological
settings; however, the most frequently encountered CF strains were confined to CF patients. Overall, our data confirm a
non-clonal epidemic structure and indicate that most CF strains are a random sample of the broader P. aeruginosa
population. The increased abundance of some CF strains in different geographical regions is a likely product of chance
colonisation events followed by adaptation to the CF lung and horizontal transmission among patients.
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MLST &6

*Molecular Typing of CTX-M-producing Escherichia coli Isolated from Environmental Water,
Swine Feces, Healthy Human Specimens and Human Patients, Hu YY. et al, 2013

*High Prevalence of ESBL-Producing Klebsiella pneumoniae Causing Community-Onset
Infections in China, Zhang et al, 2016

*Clonal Dissemination of Pseudomonas aeruginosa Sequence Type 235 Isolates Carrying
blaIMP-6 and Emergence of blaGES-24 and blaIMP-10 on Novel Genomic Islands PAGI-15
and -16 in South Korea, Hong et al, 2016

*Phenotyping and genetic characterization of Salmonella enterica isolates from Turkey
revealing arise of different features specific to geography, , Acar et al, 2017



Double Locus Sequence Typing (DLST)
2YNAYA2MOz2 MLVA+MLST

Tunomnoinon péow aAAnAovuxiong

e Avayvwpilel apeoca ti¢ dtadopec oe aAAnAouxiec DNA emavaAopPovopevwv
yevetikwv tontwv (VNTR) mou evtonilovtal og oteAEXn tou Loiov gidou¢

e XpNoLUOTIoLoUVTOL EKKLVNTEG TIOU ‘TitavouV’ peydia tunpato tou DNA (>1000bp)

e Xapaktnpilel ta oteAEXN armo To povadiko toug ‘yovidlako nipodil’ (allelic profile)
e YUYnAn TumomownNTkn KAvOTNTA Kol OLaKPLTIKA KAvotnta, OoAAA  YaunAn
QVOTTOPOYWYLLOTNTA

e [priyopn, eVkoAn otnv edpappoyn tnc pe XAMHAO KoGTOog




Double Locus Sequence Typing (DLST)

“ Aladlkaola:

/ PCR (2 yovidia-VNTR pe €101KOUG EKKIVNTEG)

/ AAAnAouxion Twv mpotoviwy tng PCR

/ Upload ti¢ aAAnAouxieg oTig Baosig dsdopevwy
" 'Etol mpokumtouv ot DLST- tumol yia to Kabs oTEAEX0G
/ ZTEAEXN TOU £XOUV TO (010 YoVISIaKO TPO@IA avikouv oTov (810 l

DLST - tumo.

O1 DLST data bases

» O1 Baoceig Oedouevwyv €ival meptAapBavouv Tnv

geAeUBepa MpPooBAECIUEC OTO aAAndouxia avagopag
S1adikTuo: Kal aAAnAouxlieg amo
¢ http:/f dlst.ore MoAAa Sla@oOpETIKA

oTEAEXN TOU id10U H.O.
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Double locus sequence typing

A sequence based typing scheme for epidemiological investigation of

bacterial pathogens

Welcome to the Double Locus Sequence Typing (DLST) webpage!

DLST is a fast and simple sequence based method to type bacteria for epidemiological
investigation. This method is based on the sequencing of c.a. 500bp of two highly
variable loci.

DLST has been shown to offer a high resolution and it allows studying both local and
international datasets .

For each locus, an arbitrary number is assigned to each allele and the combination of
both alleles constitutes the DLST type.

The purpose of this DLST website is to synchronize the DLST alleles from various
laboratories and geographical regions.

For comments, queries, or suggestions please contact the curator.
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Eur J Clin Microbiol Infect Dis (2014) 33:927-932
DOI 10.1007/s10096-013-2028-0

ARTICLE

Fast and simple epidemiological typing of Pseudomonas
aeruginosa using the double-locus sequence typing
(DLST) method

P. Basset - D. S. Blanc

Diagnostic Microbiology and Infectious Disease 82 (2015) 274-277

journal homepage: www . elsevier.com/locate/diagmicrobio
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Comparison of double-locus sequence typing (DLST) and multilocus
sequence typing (MLST) for the investigation of Pseudomonas
aeruginosa populations™
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ms172, ms217 ko oprD

Eur J Clin Microbiol Infect Dis. 2014 Jun,33(6):927-32. doi: 10.1007/210085-013-2028-0. Epub 2013 Dec 11.

Fast and simple epidemiological typing of Pseudomonas aeruginosa using the double-locus sequence
typing (DLST) method.

ElassetF”. Blanc DS.

+ Author information

Abstract

Although the molecular typing of Pseudomonas aeruginosa is important to understand the local epidemiology of this opportunistic
pathogen, it remains challenging. Our aim was to develop a simple typing method based on the sequencing of two highly variable loci.
Single-strand sequencing of three highly variable loci (ms172, ms217, and oprD) was performed on a collection of 282 isolates
recovered between 1994 and 2[][]?'{fr0m patients and the environmentl As expected, the resolution of each locus alone [number of
types (NT) = 35-64; index of discrim than the combination of two loci (NT =78-87; 1D =
0.966-0.971). As each pairwise combination of loci gave similar results, we selected the most robust combination with ms172 [reverse;
K] and ms217 [R] to constitute the double-locus sequence typing (DLST) scheme for P. aeruginosa. This combination gave: (i) a
complete genotype for 276/282 isolates (typability of 98%), (i) 86 different types, and (i) an ID of 0.968. Analysis of multiple isolates
from the same patients or taps showed thi DLST genotypes are generally stable over a period of several months. [The high typability,
discriminatory power, and ease of use of t THomCe 107 oca logical analyses
of P. aeruginosa. Moreover, the possibility to give unambiguous definition of types allowed to develop an Internet database (
http-/fww dIst.org )} accessible by all.
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The DLST scheme is based on the analysis of a 400 bp fragment of the ms172 locus
and a 350 bp fragment of the ms217 locus.

Trace files FASTA file Plain text sequences

Paste sequences into the text boxes below.
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Protocol for DLST of P. aeruginosa
References for DLST of P. aeruginosa

Allele definitions of ms172

[http://www.dIst.orq/Paeruginosa/]

Allele definitions of ms217
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FRHeg mik Pseudomonas aeruginosa e

Université de Lausanne

The DLST scheme is based on the analysis of a 400 bp fragment of the ms172 locus
and a 350 bp fragment of the ms217 locus.

Identified as 9-149

msl72: 115 alleles
1ms217:190 alleles

» Basset P, Blanc DS. Fast and simple epidemiological typing of Pseudomonas aeruginosa
using the double-locus sequence typing (DLST) method. Eur J Clin Microbiol Infect Dis.
2014 Dec 11

« Pascal Cholley et al, Comparison of double-locus sequence typing (DLST) and multi locus
sequence typing (MLST) for the investigation of Pseudomonas aeruginosa populations,
Diagn Microbiol Infect Dis 82 (2015) 274-277 [http://www.dlst.org/Paeruginosa/]
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Molecular characterization and phylogenetic analvsis of Psendomonas aeruginosa isolates
recovered from Greek aquatic habitats implementing the Double Locus Sequence Typing

scheme

0. Pappa’*#, A. Beloukas?, A. Vantarakis®, A. Mavridou?, A. M. Kefala®, A. Galanis®
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Double Locus Sequence Typing (DLST)

Eur J Clin Microbiol Infect Dis. 2016 Feb;35(2):175-81. doi: 10.1007/510086-015-2525-4. Epub 2015 Nov 18

Development and evaluation of double locus sequence typing for molecular epidemiological investigations of
Clostridium difficile.

Stojanov M'2, Magaihaes B, Terletsky V3, Basset P?, Prodhom G*, Greub G*, Senn L3, Blanc DS,
# Author information

Abstract

Despite the development of novel typing methods based on whole genome sequencing, most laboratones still rely on classical molecular methods
for outbreak investigation or surveillance. Reference methods for Clostridium difficile include ribotyping and pulsed-field gel electrophoresis, which
are band-comparing methods often difficult to establish and which require reference strain collections. Here, we present the double locus sequence
typing (DLST) scheme as a tool to analyse C. difficile isolates. Using a collection of clinical C. difficile isolates recovered during a 1-year period, we
evaluated the performance of DLST and compared the results to multilocus sequence typing (MLST), a sequence-based method that has been
used to study the structure of bacterial populations and highlight major clones. DLST had a higher discriminatory power compared to MLST
(Simpson's index of diversity of 0.979 versus 0.965) and successfully identified all isolates of the study (100 % typeability). Previous studies
showed that the discriminatory power of ribotyping was comparable to that of MLST; thus, DLST might be more discriminatory than ribotyping.
DLST is easy to establish and provides several advantages, including absence of DNA extraction [polymerase chain reaction (PCR) is performed
on colonies], no specific instrumentation, low cost and unambiguous definition of types. Moreover, the implementation of a DLST typing scheme on
an Intermet database, such as that previously done for Staphylococcus aureus and Pseudomonas aeruginosa ( http://www.dist.org ), will aliow
users to easily obtain the DLST type by submitting directly sequencing files and will avoid problems associated with multiple databases.



DLST vs MLST

Xpnotpomnotovvtot dvo yovidia avti yia 7 (Leiwon xpovou Kat KAoTouc)
artateitat aAAnAouyxion Hovo ot pio KatevOuvon Tou YOVISLWHOTOG
(novo duaBaopa, Reverse/peiwon Xpovou Kot KOOTOUG)

n BBAloypadia £xeL SeifeL OoTL N SLOKPLTLIKA LKOVOTNTA KOIL N

ovarapoywyLtpotnta tng Headou eival idia pe avtn tng MLST [Cholley P et
al, 2015]

N XPNON YEVETLKWV TOTIWV OXL TOOO0 GUVTNPNHUEVWV AELTOUPYLWV LOWG
OLVTLKOTOTTTPLEL KAAUTEPOL KOLL TILO QLELOTILOTOAL TN YEVETIKN TOLKIAopopdia
oV BaktnplakoL MAnOuopuov

Pseudomonas aeruginosa

The DLST scheme is based on the analysis of a 400 bp fragment of the ms172 locus and
a 350 bp fragment of the ms217 locus.
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Whole Genome Sequencing (WGS)

Elvat pwa epyaotnplakn Stadwkaoia mou kKabopilelt tnv mARpn aAAnAouxia Tou
yoviSlwpatog &€vogc  opyaviopoU. [lpayupatormoleitat  mARpn¢ aAAnAouxwon Ttou
XpwWHOoOWUKOU DNA evog opyaviopou, koBw¢ kot tou DNA 1mou TepLEXETOL OTa
pLItoxovopLa

s*Xpnolpomoleltal emiong ywo TNV aviYveuon onUELOKWY HETAAAAywV Oc €va yovidlwpa
(SNPs) BeAtwwvovtog €tol tn mAnpodopia (HEyeBog + mowotnta) mou AapBdvetal oe
€EEMKTIKEC HEAETEC evw TIAPAAANAa B€teL TIc BAOELC yLa TNV npéB)\eLpr] ¢ gvaoOnoiag
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The Whole Genome Sequencing (WGS) Process

WGS is a laboratory procedure that determines the order of bases in the genome of an

organism in one process. WGS provides a very precise DNA fingerprint that can help
link cases to one another allowing an outbreak to be detected and solved sooner.

Bacterial Culture 4. DNA Library Sequencing

o The DMA library is loaded onto a
sequencer. The combination of
nuclectides (A, T, C, and G) making
up each individual fragment of DNA
is determined, and each result is
called a “DNA read.”

5. DNA Sequence Analysis

o Scientists take bacterial
cells from an agar plate
and treat them with
chemicals that break them

o Scientists make many
copies of each DNA

S
=
m
:.-t._v'.‘
open, releasing the DNA. o fragment using a process COPOSCARCCTCCIA v
The DNA is then purified. o called polymerase chain mmﬂmuc: BaAAL
g reaction (PCR). The pool of GCGGCCTCCANTGCT DNA
= fragments generated in a CTTGANATCGCOGHR | Reads
= PCR machine is called a OOSTCCANTICTINS
S “DNA library.” 3

CCTEECEECCTCCARTGCTTATTCTTGECCTTGAARTCGCCERA
Reconstructed Genome

/.ﬁ = .AB Q
@ e The sequencer produces millions of DNA reads and specialized
computer programs are used to put them together in the
correct order like pieces of a jigsaw puzzle. When completed,

the genome sequence containing millions of nuclectides (in
one or a few large pieces) is ready for further analysis.

@ DNA s cut into short fragments
of known length, either by using v
enzymes “molecular scissors”
or mechanical disruption.
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Whole Genome Sequencing (WGS)

The Genome Sequencing Era

18 microbial genomes 40 micreobial genomes
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First higher plant
Arabidopsis

First eukaryote genome
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First microbial genome
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First fish
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001

E. col

First multicellular animal
C. elegans

malaria:
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and
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First mammal
Homeo sapiens

100 microbial genomes



Whole Genome Sequencing (WGS)

To mpwto BaKTNPLOKO
yovibiwpa rov
oAAnAov)iBnke MARPWCG
ntav auto tou Haemophilus

influenzae First microbial genome was completely sequenced in
1995 by The Institute for Genomic Research (TIGR)

Genome of
Haemophilus
influenzae Rd

single circular
chromosome 1,860,137
bp

Outer circle — coding
sequences with
database matches

40% of genes at the
time had no match in
the databases

Fleishmann, R.D. et al. 1995. Science 269:496-512.



Whole Genome Sequencing (WGS)

Proc. Natl. Acad. Sci. USA
Vol. 93, pp. 11121-11125, October 1996
Microbiology

DNA repeats identify novel virulence genes in
Haemophilus influenzae

(microbiology /whole genome sequencing,/pathogenicity)

DEReK W. Hoop*T, MARY E. DEADMAN*, MICHAEL P. JENNINGS*¥, MARINA BISERCIC*, ROBERT D. FLEISCHMANNS,
J. CrAIG VENTERS, AND E. RICHARD MOXON*

Searchi for DNA Repeats in the H. influenzae Genome
equence. All possible combinations of mononucleotide, dinu-
cleotide, trinucleotide, and tetranucleotide motifs were
searched in early versions of the H. influenzae strain Rd
enome data base prior to completion of sequencing and

P
trinucleotide motifs were searched by using the program BLAST
(17), and mononucleotide (homopolymeric) tracts comprising
two or more nucleotides of A(T) or C(G) and dinucleotide

HIGDB - Haemophilus influenzae Genome Database

Home About HIGDE Bacteriology — Gene/Protein search Tools Protein structures  References Related links Contact Us

| About

The Haemophilus influenzae Genome Database (HIGDB) is an unified database containing the genomic and
proteomic information of the entire H. influenzae strains. The aim of this database is to manage a resource for
the research community to execute varied searches against H. influenzae strains. The database has the inbuilt
tools like BLAST, DNA motif search, the graphics based plugin, GBrowse and Jmol to visualize the genome and
Protein Data Bank (PDB) structures of H. influenzae strains respectively, In addition, the database contributes
the users to browse all annotations using either the simple or advanced Boolean based search tools. The
database covers the significant points on general and cultutal characteristics, virulence factors, pathogenic
mechanism and laboratory diagnosis of H. Influenzae. A superior understanding of the genes responsible for
virulence in these strains can aid researchers determine immunogen targets and drug candidates.




Whole Genome Sequencing (WGS)

Human Genome Project
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Whole Genome Sequencing (WGS)

Community agreements to share data

the Bermuda Principles for sharing DNA seq. data

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

» Immediate publication of finished
annotated sequences.

* Aim to make the entire sequence
freely available in the public domain

“Bermuda Principles” drafted for Human Genome Project free data access

At a 1996 summit in Bermuda, leaders of the Human Genome Project agreed that all human genomic
sequence information generated by centers funded for large-scale human sequencing should be made
freely available and in the public domain within 24 hours after generation. The “Bermuda Principles” were
drafted to encourage research and development and to maximize the Human Genome Project’s benefits to
society — in contrast to the standard practice in scientific research of making experimental data available
only after its publication. These principles reshaped the practices of an entire industry and have
established rapid prepublication data release as the norm in genomics and other fields.
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Whole Genome Sequencing (WGS)

1VE DONE [T/ 1VE CRACKED
THE HUMAN GENETIC c :

RODEWALT
CALGARY WERALD

Calgyy
CANADA

Finishing the euchromatic sequence of
the human genome

Intemational Human Genome Sequendcing Consortium*

NATURE | VOL 431 | 21 OCTOBER 2000 | wiwwe. ma tuare ooy na ture

The sequence of the human genome encodes the genetic instructions for human physiology, as well as rich
information about human evolution. In 2001, the International Human Genome Sequencing Consortium reported a
draft sequence of the euchromatic portion of the human genome. Since then, the international collaboration has
worked to convert this draft into a genome sequence with high accuracy and nearly complete coverage. Here, we
report the result of this finishing process. The current gencome sequence (Build 35) contains 2.85 billion nucleotides
interrupted by only 341 gaps. It covers, 99% of the euchromatic genome and is accurate to an error rate of, 1 event
per 100,000 bases. Many of the remaining euchromatic gaps are associated with segmental duplications and will
require focused work with new methods. The near-complete sequence, the first for a vertebrate, greatly improves
the precision of biological analyses of the human genome including studies of gene number, birth and death. NMotably,
the human genome seems to encode only 20,000-25,000 protein-coding genes. The genome sequence reported
here should serve as a firm foundation for biomedical research in the decades ahead.
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Whole-genome sequencing in health care

Recommendations of the European Society of Human Genetics

Carla G van FEI', Martina C Cornel'*, Pascal Borry*, Ros ] Hastings®, Florence Fellmann®, Shirley V Hodgson’,
Headi C Howard™, Anne Cambon-Thomsen™’, Bartha M Knoppers'®, Hanne Meijers-Heijboer'',

Hans Scheffer'?, Lisbeth Tranebjaerg'>'*'5, Wybo Dondorp'®'7, Guido MWR de Wert»'6V7

on behalf of the ESHG Public and Professional Policy Committee

First publshed in European Journal of Human Genetics (2013) 21, 580-584; doi:10.1038/ejhg 2013.46

Keywords: recommendatons; whole-genome sequencng policy

..More services based on these technologies are now becoming available for patients, raising the issue of how to ensure that
these are provided appropriately. .. s ...The Public and Professional Policy Committee (PPPC) and the Quality Committee
of the European Society of Human Genetlcs (ESHG} addressed these challenges at a joint workshop in Gothenburg, Sweden, in
2010.3 PPPC also organized workshops in Amsterdam, the Metherlands (January 2011 in collaboration with the EU-funded pro]ect
TECHGENE, January 2012). Focusing on the clinical diagnostics setting, this paper is intended to contribute to the discussion and
the development of guidelines in this fast-moving field, and provide recommendations for health-care professionals. The paper
and recommendations were posted on the ESHG website from 20 June to 1 August 2012 for comment by the membership. The final
version was approved by the ESHG Board in December 2012.

should the raw data how to deal with outcomes that may be
obtained through WGS be stored clinically relevant but will or may only
and if so under what conditions? affect the child in its adult life?

how to deal with

information that patients or parents have
indicated they would not want to receive, but
that may still be important for their own health,
for that of their children or any close relatives.
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NMAEONEKTHMATA
e H pelétn plag aoBevelag dev Baoiletal ma HOVO oTNV avixveuon tou petaAlayuévou yovidiou mou
TIPOKAAEL TNV aoBEvela, aAAA kal o€ AAAa yovidla Tou aoBevn.

e H tumomnoinon Twv KApKIVIKWY KUTTAPWV ETILTPETEL TILOL OTOUC YLOTPOUC va eTIAEEOUV TNV AIOSOTLKOTEPN
XNUELOBeparmeia Katl akOpn Kal va LELwWOoOoUV TNV €kBeon Tou acBevr og TollkEC Beparmeieg

e Tovibla dyvwota €wg twpa, MAEov avayvwpilovtal Kot iowg va cupfdaiAouv otnv eudavion Kot tn
nopeia pLlag aoBevelag. OL mapadoolakeég TEXVIKEG Baaoilovtal otnv avixveuon LOVo tou TpoBAnuatikol
R A

VOVL6 lou. Genetic paterni
Genetic
ancestry test

2% Genetic
*[MepPAAAOVTLIKOL TTOPAYOVTEG TIOU UTOPEL VO gusewe L ‘\:,, compatbity
EMNPEGIOUV N OKOUN Kat va evioxUouv tnv Gas S) M 720 V}{{am@
euddvion Kkal Tn mopeia piog véoou eivat O\

duvatov mA€ov va avayvwpilovtal Kol va
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Genetic
fingerprinting

Personalized medicine

disease



A 26-hour system of highly sensitive whole @
genome sequencing for emergency
management of genetic diseases

While the cost of whole genome sequencing (WGS) is approaching the realm of routine medical
tests, it remains too tardy to help guide the management of many acute medical conditions.
Rapid WGS is imperative in light of growing evidence of its utility in acute care, such as in
diagnosis of genetic diseases in very ill infants, and genotype-guided choice of chemotherapy at

cancer relapse. In such situations, delayed, empiric, or phenotype-based clinical decisions may
meet with substantial morbidity or mortality.

Participants were principally parent-

For 18-h WGS performed child trios enrolled in a research
in Essex, isolated biorepository who received WGS in
genomic DNA was addition to standard diagnostic tests to
prepared using a diagnose monogenic disorders of
modification of the unknown etiology in affected infants

standard Illumina TruSeq
sample preparation



J Clin Microbiol. 2016 Apr 20. pii: JCM.00349-16. [Epud ahead of print]

Application of WGS data for O-specific antigen analysis and in silico serotyping of Pseudomonas aeruginosa
isolates.

Thrane SW', Taylor VL2, Lund O, Lam JS?, Jeisbak L*.
& Author information

Abstract

Accurate typing methods are required for efficient infection controi. The emergence of whole genome sequencing (WGS) technologies has enabled
the development of genomics-based methods applicable for routine typing and surveillance of bacterial pathogens. In this study, we developed
thePseudomonas aeruginosaserotyper (PAst) program, which enabledin silicoserotyping ofP. aeruginosaisolates using WGS data. PAst has been
made publically available as a web-service, and aptly facilitate high-throughput serotyping analysis. The program overcomes critical issues such as
the loss ofin vitrotypeability often associated withP. aeruginosaisolates from chronic infections, and quickly determines the serogroup of an isolate
based on the sequence of the O-specific antigen (OSA) gene cluster. Here, PAst analysis of 1649 genomes resulted in successful serogroup
assignments in 99.27% of the cases. This frequency is rarely achievable by conventional serotyping methods. The Eimited number of non-typeable
isolates found using PAst was the result of either complete absence of OSA genes in the genomes or the artifact of genomic misassembly. With
PAst,P. aeruginosaserotype data can be obtained from WGS information alone. PAst is a highly efficient alternative to conventional serotyping
methods in relation to outbreak surveillance of serotype 012 and other high-risk clones, while maintaining backward compatibility to historical
serotype data.

Copyright @ 2016, American Society for Microbiclogy. All Rights Reserved.

the Pseudomonas aeruginosa serotyper (PAst) program, which enabled in silico
serotyping of P. aeruginosa isolates using WGS data
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the Pseudomonas aeruginosa serotyper (PAst) program

L
I
| Hewfll Resetfl Login

Center for Genomic Epidemiology

Home Instructions Article abstract

PAst 1.0

The Pseudormonas aeruginosa serotyper (PAst) is a program designed for in siico serotyping of P asruginosa isolates into 1 of 11 serogroups .
(covering the 20 serotypes). PAst runs on next generation sequencing data and is based on a BLAST analysis of the OSA gene cluster, The database is curated by:

PAst is developed by the Infection Microbiology group (IME) at the Technical University of Denmark (DTLN Department of Systerns Biology. Sa“d”fl': m'tlgaat”grhrane
ch 0 conta

e the version history of this server.

Select organism
Select multiple iterms, with Ctrl-Click (or Cmd-Click aon Mac)

Pseudomonas asruginosa

Sequencing Platform
Selectthe sequencing platfornm used to generate the uploaded reads. (Mote: Select ‘Assembled Genome' if you are uploading preassembled reads)

Assembled Genome/Contigs™® v

It 1solate File

Mame Size Progress Status

https://github.com/Sandramses/PAst
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Are Escherichia coli Pathotypes Still
Relevant in the Era of Whole-Genome
Sequencing?

Roy M. Robins-Browne "*, Kathryn E. Holt™*, Danielle J. lngle ***, Dianna M. Hocking *,
Ji Yang ' and Marija Tauschek’

The ability to divide E. coli into subtypes 5 essential to
understand the epidemiology and pathogenesis of particular
chones. The use of sequence typing, biotyping, serotyping, and
pathotyping to group similar bacteria together while separating
them from others is helpful in many circumstances, such as when
tracing outhreaks, but can be misleading when serotypes change
_or classification systems struggle to accommodate novel strains.

The subdivision of DEC into pathotypes is critical
for understanding how these bacteria cause disease. The
pdentification of pathotypes is also invaluable clinically (to
determining prognosis and  guide  cinical  management)
and epidemiclegically to detect outbreaks and estimate the
contribution of different types of DEC to the overall burden
of disease, as well as for the control of these diseases by public
health interventions and immunisation (Levine et al, 1983
joling et al., 2015).

Whole genome sequencing of E colf strains has wvastly
enhanced our understanding of the evolution and pathobiology
of this highly adaptable and wversatile species. A major
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MEIONEKTHMATA

e H Aettoupyia tou peyaAutepou aplbpol twv yovidiwv tou avBpwrivou yovidlwpatog ival
QKOUN AyVWOoTN

e Artatteital Wlaitepa eEEOIKEVUEVO TIPOCWTILKO

e To kOOTOC €ival TOAU uPnAo

e To yoviblwpa &vOC OTOMOU HMOpel va TepLEXel TAnpodoplec TIc omolec de B€AeL va
yvwpiled!!!!

e O oyko¢ tn¢ mMAnpodopiac mou AapBavetal ival tepdotioc! Oépata nOka, acpaAeiac Ka
NPOCTACLOC TTPOOWTILKWYV SESOUEVWV SEV £XOUV KON SLOXELPLOTEL.



Methods Mol Biol. 201 0;828:215-26. doi: 10.1007/578-1-80327-387-1_12.

Whole genome sequencing.
Mg PC’, Kirkness EF.

Author information

Abstract

Whole genome sequencing provides the most comprehensive collection of an individual's genetic variation. With the falling costs of
sequencing technology, we envision paradigm shift from microarray-based genotyping studies to whole genome sequencing. We
review methodologies for whole genome sequencing. There are two approaches for assembling short shotgun sequence reads into
longer contiguous genomic sequences. In the de novo assembly approach, sequence reads are compared to each other, and then
overlapped to build longer contiguous sequences. The reference-based assembly approach involves mapping each read to a
reference genome sequence. We discuss methods for identifying genetic variation (single nucleotide polymorphisms, small indels, and
copy number variants) and building haplotypes from genome assemblies, and discuss potential pitfalls. We expect methodologies to
evolve rapidly as sequencing technologies improve and more human genomes are sequenced.
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Strategy to harness whole genome sequencing to strengthen EU outbreak investigations and public health surveillance
This document sets out the ECDC vision for using whole genome sequencing (WGS) technology within the context of its agreed strategy
and roadmap for integrating typing data into EU level surveillance and cross-border outbreak assessment over the next five years.

The main focus of the discussion is on the strengths and weaknesses of WGES-based typing compared to other molecular typing methods;
the current state and medium-term outlook for the development and harmonisation of WGES-based typing and the strategy and proposed
role of ECDC in collaboration with the EU and global players leading the technical development and public health applications of WGS-based
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