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Vsebina

» Sekvenciranje bakterijskih genomov s pristopom sekvenciranja naslednje generacije
(sekvenciranje kratkih odcitkov):

od izolata do genomske sekvence

* Pristopi analize genomskih sekvenc
cg-/wgMLST,
AMR - rezistom

* Projekt SloSeq

prvi rezultati spremljanja VOB (CR-CP/CP)



Sekvenciranje / dolo¢anje nukleotidnega zaporedja

_
Genomska DNA

CATATATCAACAGGAGATATATTCAGAAAGAATATAAAAGAGGGAACAGAACTTGGAAAAAAGCTAAAGAATACAGTACCAGATGAGTTAACTGTA
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Sekvenciranje bakterijskih genomov
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GGTTATGCGTATATTGGCAGGGGTTA
GGTTATTGGGCCCAGGAGTGCGGTTA
GGTTAAGCGGAGCTCTTAGCGGGTTA
GGTTAGGAGTGCGCGGAGCTTGGITTA

GGTTAGGCAGGAGTGCGGCGGGGTTA

AAATTATATCCGCAGAGGAGATAAATT
AAATTATGCTTGGAGCGTTTATAAAATT

AAATTGAGTGCGCGGACCGCTAAAATT
AAATTCTATTGGCAGTAGAGTGAAATT
AAATTATATTGGCAGGCTAGATAAATT

GGTTATGCGTATATTGGCAGGGGTTA
GGTTATTGGGCCCAGGAGTGCGGTTA
GGTTAAGCGGAGCTCTTAGCGGGTTA
GGTTAGGAGTGCGCGGAGCTTGGTTA

GGTTAGGCAGGAGTGCGGCGGGGTTA

AAATTATATCCGCAGAGGAGATAAATT
AAATTATGCTTGGAGCGTTTATAAAATT

AAATTGAGTGCGCGGACCGCTAAAATT
AAATTCTATTGGCAGTAGAGTGAAATT
AAATTATATTGGCAGGCTAGATAAATT



Sestavljanje genomskih sekvenc (,,assembly®)

Rekonstrukcija genoma iz ve¢ milijonov kratkih odcitkov

GGTTATGCGTATATTGGCAGGGGTTA
GGTTATTGGGCCCAGGAGTGCGGTTA
GGTTAAGCGGAGCTCTTAGCGGGTTA
GGTTAGGAGTGCGCGGAGCTTGGTTA
GGITAGGCAGGAGTGCGGCGGGGTTA

GGTTATGCGTATATTGGCAGGGGTTA
GGTTATIGGGCCCAGGAGTGCGGTTA
GGTTAAGCGGAGCTCTTAGCGGGTTA
GGTTAGGAGTGCGCGGAGCTTGGTTA
GGTTAGGCAGGAGTGCGGCGGGGTTA

GGTTATGCGTATATTGGCAGGGGTTA
GGTTATTGGGCCCAGGAGTGCGGTTA
GGTTAAGCGGAGCTCTTAGCGGGTTA
GGITAGGAGTGCGCGGAGCTTGGTTA
GGTTAGGCAGGAGTGCGGCGGGGTTA

GGITATGCGTATATTGGCAGGGGTTA
GGTTATTGGGCCCAGGAGTGCGGTTA
GGTTAAGCGGAGCTCTTAGCGGGTTA
GGTTAGGAGTGCGCGGAGCTTGGTTA
GGTTAGGCAGGAGTGCGGCGGGGTTA

GGTTATGCGTATATTIGGCAGGGGTTA
GGTTATTGGGCCCAGGAGTGCGGTTA
GGTTAAGCGGAGCTCTTAGCGGGTTA
GGTTAGGAGTGCGCGGAGCTTGGTTA
GGTTAGGCAGGAGTGCGGCGGGGTTA

GGTTATGCGTATATTGGCAGGGGTTA
GGTTATTGGGCCCAGGAGTGCGGTTA

GGTTATGCGTATATTGGCAGGGGTTA
GGTTATTGGGCCCAGGAGTGCGGTTA
GGTTAAGCGGAGCTCTTAGCGGGTTA
GGTTAGGAGTGCGCGGAGCTTGGTTA
GGTTAGGCAGGAGTGCGGCGGGGTTA

GGTTATGCGTATATIGGCAGGGGTTA
GGTTATTGGGCCCAGGAGTGCGGTTA
GGTTAAGCGGAGCTCTTAGCGGGTTA
GGTTAGGAGTGCGCGGAGCTTGGTTA
GGTTAGGCAGGAGTGCGGCGGGGTTA

GGTTATGCGTATATIGGCAGGGGTTA
GGTTATTGGGCCCAGGAGTGCGGTTA

GGTTATGCGTATATTGGCAGGGGTTA
GGTTATTGGGCCCAGGAGTGCGGTTA
GGTTAAGCGGAGCTCTTAGCGGGTTA
GGTTAGGAGTGCGCGGAGCTTGGTTA
GGITAGGCAGGAGTGCGGCGGGGTTA

GGTTATGCGTATATTGGCAGGGGTTA
GGTTATTGGGCCCAGGAGTGCGGTTA

GOTTATGEGTATATIGGCAGGGGTTA | 61 ATGCGTATATIGGCAGGGGTTA
GGTTATIGGGCCCAGGAGTGCGGTTA (orrrc o o STGCGGTTA
GGTTAAGCGGAGCTCTTAGEGGGTTA 611 AAGCGGAGCTCTTAGCGGGTTA
GGTTAGGAGTGCGCGGAGCTTGGTTA GGTTAGGAGTGCGCGGAGCTTGGTTA
GGTTAGGCAGGAGTGCGGCGGGGTTA GGTTAGGCAGGAGTGCGGCGGGGTTA

GGTTATGCGTATATIGGCAGGGGTTA
GGTTATTGGGCCCAGGAGTGCGGTTA

¥

Odcitki:

cire .
acl & rac
rezer

I Peri

ericarez

rica

,Peri
rica
ericarez

rezer

erac
aci

Sestavljanje prekrivajocih se odcitkov

cire
repﬂ

,Pericareze raci rep”
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Informacije, ki jih lahko dobimo iz genomskih zaporedij

Analiza genomskih zaporedij nam omogoca:

identifikacijo izolata,

odkrivanje genov povezanih z virulenco,

Dolo¢anje sorodnosti:

- in silico karakterizacijo (MLST, spa tipizacija...),

- odkrivanje/raziskovanje prenosov in izbruhov, ugotavljanju
poti Sirjenja okuzbe, rezervoarjev in virov okuzbe

Janezic Sandra et al., 12. Likarjev simpozij 2024

odkrivanje genov/mutacij povezanih z odpornostjo,

analizo plazmidov in mobilnih genetskih elementov (MGE)

O

PWL toxin

Toxic shock
syndrome toxin

O
@)

Exfoliative toxin A

Leopold et al., ICM (2014)



Odkrivanje genov in mutacij za odpornost proti antibiotikom

Za iskanje (znanih) mehanizmov odpornosti so na voljo referenéne podatkovne baze/orodja:

- AMRFinderPlus (https://www.ncbi.nlm.nih.gov/pathogens/antimicrobial-resistance/AMRFinder/)

- ResFinder (http://genepi.food.dtu.dk/resfinder)
- CARD-RGI (https://card.mcmaster.ca/analyze/rgi)

L Task Entry: NCBI AMRFinderPlus (AMRO1518)

Result Fields

£ Editing Mode, locked for other users

Genotyping Results

NCBI i Plu

Amikacin:
Gentamicin:
Hygromycin:
Kanamycin:
Kasugamycin:
spectinomycin:
Streptomycin:
Tobramycin:
Avilamycin:
Bacitracin:
Ampicillin:
Beta-lactam:
Carbapenem:

cephalosporin:

Cephalot

Methi

Bleomycin:
Zorbamycin:
Colistin:
Fluoroquinolone:
Fosfomycin:
Fusidic Acid:
Vancomycin:
Lincosamide:
Erythromycin:

Telithromycin:

Tylosin:
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aph(3)v1 / rmtFL
aac(6'-b

rmtF1

aph(371 / rmtFL
rmtF1

rmtFl

aph(3")-b / rmtF1

rmtF1

blasHvV-11
blaNDM-5 / blaOXA-48 (carbapenemase) / ompK36_D135DGD

blaCTX-M-14 (ESBL)

ble

prmrB_R2566

mph(&)
mph(a)

mphi(&)

NCBI AMRFinderPlus |

Class Subclass/Resistance Gene Symbol Sequence Name wethod Aligned Overlap Identity

Element Type =~ Contig Location

AMINOGLYCOSIDE _ |STREPTOMYCIN aph(8)-d aminoglycoside 0-phos... [BLAST | 810l  100AMR  |NODE_46_length_.

FOSFOMYCIN FOSFOMYCIN fosA  |FosAS family fosfomyci... [BLAST 99.28 99.28AMR  |NGDE_25_length_.

PHENICOL CHLORAMPHENICOL type A1 chlorampheni... PARTIAL NGDE 52 length .

PHENICOL/QUINOL... |PHENICOL/QUINOLONE multidrug efflux RND tr... |BLAST INGDE_27_length_,

EFFLUX EFFLUX lemd |multidrug efflux MFS tr... [BLAST 99.49/AMR  [NODES length_2... [91336...92517

Color Legend for Element subtype AMR (core) BLASTX search
Identity = 100% and Aligned = 100%
Light green: Identity > 90% and Aligned = 100%

Gray: Identity > 90% and Aligned > 50%
Orange: Method is INTERNAL_STOP or PARTIAL_CONTIG_END
Red: Priority AMR Target

Abbreviation:
NA: Not Applicable

Column Descriptions
Scope: The AMRFinderplus database is split into 'core’ AMR proteins that are expected to have an effect on resistance and *plus’ proteins of interest added with less stringent inclusion criteria.
Methods:
ALLELE - 100% sequence match over 100% of length to a protein named at the allele level in the AMRFinderPlus database.
EXACT - 100% sequence match over 100% of length to a protein in the database that is not a named allele.
BLAST - BLAST alignment is > 90% of length and > 90% identity to a protein in the AMRFinderPlus database.
PARTIAL - BLAST alignment is > 50% of length, but < 90% of length and > 90% identity to the reference, and does not end at a contig boundary.
PARTIAL_CONTIG_END - BLAST alignment is > 50% of length, but < 90% of length and > 90% identity to the reference, and the break occurs at a contig boundary indicating that this gene is
more likely to have been split by an assembly issue.
INTERNAL_STOP - Translated blast reveals a stop codon that occurred before the end of the protein.
POINT - Point mutation ident| d by blast.

Version and Parameters:

AMRFinderPlus software versiol

AMRFinderPlus database versi
ified organism: i

3.11.2 (translated DNA search only)
022-12-19.1



https://www.ncbi.nlm.nih.gov/pathogens/antimicrobial-resistance/AMRFinder/
http://genepi.food.dtu.dk/resfinder
https://card.mcmaster.ca/analyze/rgi

Analiza plazmidov in mobilnih genetskih elemenov

kromosom

O plazmid z genom
za rez.

&
o) |

—
Horizontalni prenos

O |10

@
O
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T 8-

n:vi

f Chromosome & P, id Overview
Chromosome | Plasmids

Plasmid Name

M.,

Size  |Mash Ne..|Mash Ne..,

AMRFinderPlus Targets

w | Circular | Rep Type(s) | Predicted Mobility

Mash Neighbor Identifi...

p64.5_AMRO1482

64,450

CP019078|Cephalosporin: blaCTX-M-14 (ESBL)
Streptomycin: aph(3")-b / aph(s)-d

Carbapenem: blaDXA-48 (carbapenemase)

MNo(lnclM conjugative

Klebsiella pneumoniae

p328.2_AMRO1482

328,174

Carbapenem: blaNDM-5
Cephalosporin: blaCTX-M-15 (ESBL)
Amikacin: azc(6')-b f aph(3W
Beta-lactam: blaCxA / blaTEM-1
Bleomycin: ble

Erythromycin: mph(4)
CP034201|Kanamycin: aac(6')-b f aph(3)W
Quinclone: gnrsl

Streptomycin: aadal
Sulfonamide: sull

Telithromycin: mph(a)
Tobramycin: aac(6')-b

Tylosin: mph(A)

Mo|lncFIE, IncHILE |conjugative

Klebsiella pneumoniae ...

pl53.8 AMRO1482

153,798

Amikacin: rmtF1
Chloramphenicol: catB
Gentamicin: aac(6')-1b
Gentamycin: rmtF1
Hygromycin: rmtFL
Kanamycin: rmtFL
Kasugamycin: rmtF1
Quinolone: gnril
Spectinomycin: rmtFL
Streptomycin: rmtFL
Tobramycin: rmtF1
Trimethoprim: dfras

CP035907

MNo|(IncFIB, IncFll, ... [conjugative

Klebsiella pneumoniae

|P113.0_AMRO1482

113,028

CP021940,

Mo|incFIB non-mobilizable

Klebsiella pneumoniae

l/ Ch‘:some & Plasmid Overview

fChromosome [ Plasmids |

Phenicol: ogra / ogxB
Quinolone: gyrA_S83I/ ogxd [ ogxB / parC_S80I
Rifarmycin: arr-2

Molecule De...| Cir...| Nu... Size GC AMRFinderPlus Targets iM... | M. FDB Targets
Carbapenem: ompK36_D135DGD
Colistin: pmrB_R256G
chromosome MNo|203 | 5,388,139| 57.4 Beta-lactam: blasHv-11 nfa| njajentd, entB, entC, entE, entF, fepa, fepB, fepC, fepD, fepG, fes...




Tipizacije bakterij za spremljanje Sirjenja

- Globalno Sirjenje (pripadnost
doloceni filogenetski liniji,
klonskemu kompleksu)

- Lokalno Sirjenje in raziskovanje
izbruhov/prenosov (poti prenosa
in identifikacija vira okuzbe)

Nizka

likovanja

moc raz

MLST

+ ostale, vrstno
specificne, metode
(spa-tipizacija, PCR-

ribotipizacija...) Analize genomov

cgMLST, wgMLST
—  SNP-analiza
tipizacija In silico

\/ PFGE, MLVA o

Visoka

tipizacija
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Pristopi za primerjavo genomskih zaporedij

1) Analiza polimorfizmov posameznih nukleotidov (analiza SNV ali SNP, angl. single
nucleotide variant (SNV) ali single nucleotide polymorphism (SNP) analysis)

o T GCRRGCTGCCCRTCRRTGCGTGP&GCRRCTCTTTGCTGCGTAF—\C"
@ 1snas |GCAAGCTGCCCATCAATGCGETGAGCAACTCTTTGCTGCGTAAC
4B 2Foruan GCAAGCTGCCCATCAATGCGETGAGCAACTCTTTGCTGCGTAAC
Boae  |GCAAGCTGCCCATCAATGCGEMTGAGCAACTCTTTGCTGCGTAAC
JFf) As0430%0 GCAAGCTGCCCATCAACGCGHMTGAGCAACTCTTTGCTCCGCCAC-
1B z-Reverse

2) Primerjava alelnega profila genoma (cg-/wgMLST, angl. ,,core-/whole genome
multiple locus sequence typing«)

Janezic Sandra et al., 12. Likarjev simpozij 2024



Primerjava alelnih profilov

MLST

A

ﬂh' adk ) -rﬂ. pdhCllag  pomil fumc Il
ACTG cT TG G TGA
1 1 1 1 1 1 1
abeZJ) adk ) arak ) gdhll) pdhCillag  pomill) fumCIl)
= CCAG G T C AG TG & AGA
2 2 2 1 2 1 2
"‘". adi ) ar "- P'"*‘- Pﬂ'". fumC Il
ACTA A TGT
1 3 2 2 1 3 3
abeZ ) adic ara il gdhl) pdnc ey pomil) fumc Il
G ACTA L} T T cT A TGT
1 3 2 2 1 3 3

7 housekeeping genes
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MLST sekvencni tip (ST)

ST-1

ST-2

ST-3

ST-3



Primerjava alelnih profilov, od MLST do wgMLST

MLST - primerjava alelnega profila (obi¢ajno) 7 hisnih (,,housekeeping”) genov/lokusov (enotna nomenklatura ST)

cgMLST - primerjava alelnega profila jedrnega genoma (,,core genome multiple locus sequence typing“)
= vhaprej izbran set dobro ohranjenih genov/lokusov (>2000), ki predstavljajo jedro genoma (so prisotni pri vecini izolatov)

wgMLST — primerjava alelnega profila celotnega genoma (,,whole genome multiple locus sequence typing“)
= jedrni genom in pomozni genom (variabilno prisotni pri izolatih znotraj vrste)

Allele-based typing

wgMLST
cgMLST

MLST

Strain A

: T KR K A i (R s ER PR (e T |
Strain B fra] m [ . =
B & % 24 3-8 2 ¥ 2 2 3
Strain C == =" B=z =

2 X LG 2 A 32 X XK K
Strain D & L [ 162

3 1 1 2 42 12 82 1 232 A 2

[

...
wi] of <~

N~

. . . . B Core genes Accessory genes
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File Edit Data Columns Analysis Tools

¢ lt|@) |

#Missi Perc. | Avg. ApprcTop § T ST
K. pnei| Proce Proced Proced Pifi=cti K. pneumoniz| k| £ 5 £[ £ 5.5 5§

14 99.4 5.4 1.00 |..|AMR02089 437
15 99.4 5.4 |1.00 |..AMR01205 437
14 99.4 5.4 AMRO1696-PP |437
6 99.7 5.3 1.00 |..|AMR01624 6278
5 99.8 5.4 1.00 |..|AMRO01113 6278
5 99.8 5.4 1.00 H-KP-BD416 6278
6 99.7 5.4 1.00 |..|H-KP-BD498 6278
El 99.8 5.4 1.00 |..|AMRO1615 6278
] 99.7 5.4 1.00 |..|AMRO1750 6278
18 99.2 5.4 1.00 |..|AMR01707 6278
7 99.7 5.4 1.00 |..|AMR01023 6278
10 99.6 5.5 1.00 |..|AMR01475 14
18 99.2 5.5 1.00 |..|AMR01341 6278
] 99.7 5.4 1.00 |..|AMRO1063 6278
11 99.5 5.5 1.00 |..|AMR01229 6278
El 99.8 5.5 1.00 |..|AMR01869 6278
6 99.7 5.4 1.00 |..|AMR01587 6278
5 99.8 5.3 1.00 |..|AMR01619 6278
] 99.7 5.4 |1.00 |.. AMR01589 6278
] 99.7 5.5 1.00 |..|AMR02238 14

] 99.7 5.5 1.00 |..|AMRO01590 6278
El 99.8 5.3 1.00 |..|AMR01617 6278
5 99.8 5.4 1.00 |..|AMR01593 6278
5 99.8 5.4 1.00 |..|AMR01595 6278
5 99.8 5.4 |1.00 |.. AMR01614 6278
] 99.7 5.4 1.00 |..|AMR01604 6278
El 99.8 5.4 1.00 |..|AMR01742 6278
5 99.8 5.4 1.00 |..|AMR01731 6278
5 99.8 5.3 1.00 |..|AMR01629 6278




Vizualizacija sorodnosti — minimalno vpeto drevo (MST)

B .
\  AMR02068
MLST-ST P AMRO2038  \_ )/
AMR0226 L Ad
O 101 AMRO1806 i 39 \——3/ N
o AR0206 F—3AMR02149
Q147 O O
49 f b
(307
O 392 ~ /) Aﬁ-éoz;\;ﬂ'i
AMRO1747 ) AMR0217Q : / / 2\
O395 1890/ 11RO%47) : N/ T AR02195p
\"»\.,__ \ '-\‘\-\--_ - y S
O 437 )
_ e ™
N\ & AMRO1543
AMRO1693 /[
\_ J AuR02150
S __-\'1
;&MRUQSU;Z;

K. pneumoniae
cgMLST 2358 lokusov
MST gruca < 7 lokusov
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Sofinancira
* * =m
Evropska unija

Projekt SloSeq

SloSeq: , Konsolidacija in integracija sekvenciranja celotnega genoma v rutinski monitoring v
Sloveniji“

https://www.nlzoh.si/programi-in-projekti/sloseq/

Sodelujoce institucije:
* Nacionalni laboratorij za zdravje, okolje in hrano (NLZOH) (vodilna),
* Nacionalni institut za javno zdravje (NIJZ),

 InStitut za mikrobiologijo in imunologijo (IMI, UNI LJ)

DS3 - Cilji

* Vzpostavitev, optimizacija in konsolidacija protokolov sekvenciranja genomov in analiticnih
pristopov ter poroCanja za potrebe spremljanja VOB.

Janezic Sandra et al., 12. Likarjev simpozij 2024


https://www.nlzoh.si/programi-in-projekti/sloseq/

Projekt SloSeq — analize genomov za spremljanje VOB

Na NLZOH v rutinsko sekvenciranje vkljucujemo:

- Primoizolate pri katerih so potrjene karbapenemaze - CR-CP in CP (ne glede na bakterijsko

vrsto).
- Primoizolate brez doloCenega tipa karbapenemaze.

Analiza:
- ¢cgMLST in
- AMR (tip karbapenemaze)

- ZacCetek: 1.1.2024



Klebsiella pneumoniae CRE-CPE

Vrsta/CP #
Klebsiella pneumoniae 69
blaNDM-5 / blaOXA-48* 42
blaOXA-48 17
blaVIM-1 7
blaNDM-1
blaNDM-5

1 1884
) (@

Cluster distance threshold: 7

Color grouped by column "Carbapenem™:

(O blaNDM-1

O blaNDM-5 / blaOXA-48 (carbapenemase)/ ompK36_D135DGD
O blaNDM-5 / ompK36_D135DGD

O blaOXA-48 (carbapenemase)

O blaOXA-48 (carbapenemase)/ompK36_D135DGD

(O blavim1

1864

268

cgMLST 2358 lokusov
Janezic Sandra et al., 12. Likarjev simpozij 2024 MST gruca < 7 lokusov (0.003x Stevilo lokusov)



Acinetobacter baumannii - CRAb )

Vrsta/CP # 30

Acinetobacter baumannii 29 Q ]
blaOXA-23 / blaOXA-66 24 Q 2 ‘
blaOXA-66 /blaOXA-72 5 a

Cluster distance threshold: 9 ;
54
Color grouped by column "Carbapenem™: Q
46
O blaOXA-23 (carbapenemase) / blaOXA-66 (carbapenemase) / fts|_A515V 90 Q Q
O blaOXA-66 (carbapenemase)/blaOXA-72 (carbapenemase) Q
: ‘,
161 ),
R zl2

2 271

e 492

cgMLST 2390 lokusov
MST gruca < 9 lokusov
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Escherichia coli- CRE-CPE

2210

1840

cgMLST 2513 lokusov
MST gruca <10 lokusov

2368

1953

@ 1672

2262

2104

@ 1751
1853

2296
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Vrsta/CP #
Escherichia coli 25
blaOXA-48 9
blaVIM-1 9
blaOXA-244 (OXA-48 like) 7

Cluster distance threshold: 10
Color grouped by column "Carbapenem™
O blaOXA-244 (carbapenemase)
O blaOXA-48 (carbapenemase)
O blavim-1



Zakljucek

Analiza genomskih zaporedij je metoda izbora za spremljanje Sirjenja
povzrociteljev okuzb (WHO, ECDC...).

- Dolocanje sorodnosti — primerjava genomskih sekvenc ima
neprimerljivo ve¢jo moc razlikovanja od predhodnih metod. V
kombinaciji z epidemioloskimi podatki nam omogoca zanesljivo
spremljanje Sirjenja povzrociteljev okuzb (na nacionalni in
globalni ravni), ter raziskovanje prenosov/izbruhov.

- Ena preiskava —> veliko informacij (dolo¢anje sorodnosti,

odkrivanje genov za virulenco, mehanizmov odpornosti,
plazmidov in MGE...).
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CIENTIFIC ADVICE

Expert opinion on whole genome
sequencing for public health
surveillance

Strategy to harness whole genome sequencing to strengthen
EU outbreak investigations and public health surveillance

www.ecdc.europa.eu

Mlhole genome sequencing for

foodborne disease surveillance
Landscape paper
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Evropska unija

SLOSEQ je projekt Evropske unije, ki ga sofinancira Evropska
izvajalska agencija za zdravje in digitalno tehnologijo — HaDEA.
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