National Food Institute

Technical University of Denmark

Detection of resistance genes and
typing of bacteria based on whole
genome sequencing (WGS)
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Research group for bacterial genomics and
antimicrobial resistance

* Reference laboratory for DK, EU and WHO
« Surveillance (Global detection and control)

e Various ad hoc research projects
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The Challenge

IS to:

e Continue to increase the power of surveillance
and diagnostic using molecular tools

e Develop sequenced-based diagnostics that can
be used as close to the patient as possible
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Center for Genomic Epidemiology (CGE)




Purpose of CGE

* Provide a proof of concept of combining
bioinformatics with both local diagnostics and
global epidemiology in real-time




Client side

Server side

Raw DNA sequences
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Rough assembly
and compression

Fine assembly

Identification

Gene finding
Comparison

Summary of:

Google maps like view

« What it is?

« Has it been seen before?
« How we can fight/treat?

« What is new/unusual?

* Reports
« Outbreaks

What is already known?
Pathogenicity islands
Virulence genes
Resistance genes
MLST type

What is novel?
Vaccine targets
Virulence genes
Resistance genes
SNPs
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*SNP — Single Nucleotide Polymorphism (extreme MLST)
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Examples — MLST and Resfinder

MLST (Multilocus Sequence Typing)
L stuctons |

[:_?; Browese

Uploacs ‘

Tetal fles: 0 {N/A).

® Remove f Clear

Select MLST configuration
Escherichia coli#1 v

Select type of your reads
Assembled Genome/Contigs*  ~

| Submit || Clearfields |

Output format

VTEC 0104:H4 outbreak strain

5000 kbp Aggregative
., adhesion plasmid i1 || 1
(HPA scaffold as

reference)

500 kbp ™\

4500 kbp

Ec55989 chromosome
GOs1 TY2482_BCI1106 1000 kbp®

B 1005 identity [l 100% identity

pOSBAL
B 1005 denciey

- 4000 kbp

| J 70% identity 70% identity

0% identity
50% identity 50% identity o u e,
LB226692 HPA scaffold 70% identity 55980p
. 100% identity . 100% identi 1500kbp 4 E SO foaney B 100% identiy
identity agg 7% identity
3500 kbp B oo identity [l 70% identity B 100% ideniity SO idantity

50% identity

50% identity

2000 kbp
3000 kbp ;

2500 kbp

ST g

pEC_Bactec
= Incl plasmid
(blaCTX-M-15) .

(phage inserted in
chromosome)

Article abstract

SETSA TYWMNY T3NS

1 A4 ALTENSATMRGO TY TN 321 &

F.1f=5 |



MLST Results
Sequence Typel ST-678

SETTINGS:

Organism: Escherichia coli
MLST Profile: ecoli

Genes in MLST Profile: 7

| Locus || %Mdenity | AlleleLengthHSPLength | Gaps | Alele |
ek ||t | ossess 0 | adk6 |
e || tows | e | 0 || fumes |
Lo | v | deme || o | gres |
e |t | swss 0 | tediss |
I O = R
L owa | v | amws || o | pwa7 |
oreea || w0 osso 0 | rews |




Examples — MLST and Resfinder

ResFinder 1.1 Server (Acquired antibiotic resistance gene finder)

ResFinder 1.1 identify acquired antibiotic resistance genes in total and partial sequenced isolates of bacteria.
The input sequence must be in one-letter nucleatide code, Test sequence

Output format Article abstract

—T— x v | [ficiar] .
; VTEC O104:H4 outbreak strain

5000 kbp

Aggregative
., adhesion plasmid

500 kbp ™\

(HPA scaffold as

4500 kbp reference)

Ec55989 chromosome
GOs1 TY2482_BCI1106 1000 kbp®

B 1005 identity [l 100% identity

Total files: 0 {MfAD,
Upload
( )

~ 4000 kbp pOS6AL

Select Antimicrebial cenfiguration [ 70% identity 70% identity W 0 dentiey
Salect multiple items, with Ctrl-Click (er Cmd-Click en Mac) o W pAA W 7o identiey
Al 50% identity 50% identity 100% identity S0 i
Aminnghycoside m LB226692  HPA scaffold . vy S3980p

15 P . = 50 identin [ |  identit
I:;z'ta—lac'l.amlase . 100% identity . 100% identity agg : l:::n(.l‘,v

uargguinclone

Clycopeptide ' _3500 kbp B 7o identity [l 70% identity B 100% ideniity S0 identiny
MLS = Macrolide-Lincosamide-Streptograming v

50% identity

50% identity
Select threshold for 51D

2000 kbp ,

[(100% 3] 3000 kbp
Select type of your reads . 2500 kbp W
Assembled Genome s : i
[ - W pEC_Bactec

Incl plasmid
(blaCTX-M-15)

([ Submit | [ Clear flelds )

(phage inserted in
chromosome)




Results

ResFinder Results

Aminoglycoside |
strd | GenelengwMSPlemgh || Phemonpe || Accessionmumber |
‘ Ny Aminoglycoside resistance it
100.00% 304/804 ot . aph(T)Ib AF321551
. - Aminoglycoside resistance .
StrB 100.00%: 837/837 Ritege - aph(6)}-1d EI474091
Betalactam |

’ Beta-lactamase resistance
Yo T6/87 2097
100.00° 876/876 e - UOE.1 DQ3020%

Fluoroquinolone

MLS - Macrolide-Lincosamide-StreptograminB

Phenicol
Sulphonamide
sull 100.00% .u'm1 85
Tetracycline
12t(d) 100.00% 1200/1200 Tetracycline resistance AT517790

A7 100.00% 474474 Trimethoprim resistance I IF306208 |

Glycopeptide
_ Resistencegeme ey [ GenelengWMSPLensth  Phemonpe _ Accessinmumber |
- Sowsewsefws ]




Antimicrobial susceptibility

Phenotypes VS genotypes
Phenotyping

Pro’s:
Relatively fast
Easy
Cheep
Can detect new phenotypes

con’s:

Not always fast enough (hence empiric treatment)
Require that the bacterium can grow in the lab
Influenced by “the human factor” and by biological variation
No breakpoint consensus (CLSI vs EUCAST)




Antimicrobial susceptibility
Phenotypes vs genotypes

Genotyping

Pro’s:
Can be used for many other purposes (e.g. outbreak investigation)
Can cover all relevant (known) resistance genes
Can detect genes with heterogeneous expression (e.g. mecA)
Can be combined with phenotypes to detect new genes
Can properly be used directly on clinical samples (sputum, blood, urine ect.)

Con’s:
Still relatively expensive (~1000 Dkr/strain)
Require high level of skills and new equipment
2 Does not detect new genes automatically
Require the ability to generate “plain language reports”

CGE




Tl
N

A
£ i
P

0

i

4

“‘ Via Nicola Salvi

SR &0 W IR eSS P NI m%



	Detection of resistance genes and typing of bacteria based on whole genome sequencing (WGS)
	Research group for bacterial genomics and antimicrobial resistance
	The Challenge
	Slide Number 4
	Purpose of CGE
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Population Genetics of�Vibrio cholera in Nepal�(SNP-based tree)
	Examples – MLST and Resfinder
	Slide Number 11
	Examples – MLST and Resfinder
	Results
	Antimicrobial susceptibility�Phenotypes vs genotypes
	Antimicrobial susceptibility�Phenotypes vs genotypes
	Slide Number 16

