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HOW BIOLOGICAL DATABASES PROLIFERATE

TODAY

SURVEYS SHOW 1§
COMPETING DATABASES!

WHAT! LET’'S CREATE THE
UNIVERSAL DATABASE THAT
MEETS EVERYONE'S NEEDS

NEAR FUOTURE

SURVEYS SHOW Y7
COMPETING DATABASES.

Helmy M, et al. PLoS Comput. Biol. 2016



R AMR DATABASES

ARG-ANNOT
CARD

NCBI Bacterial AMR Reference Gene Database
PATRIC
ResFinder (acquired AMR genes)
SARG

acrolides

Acquired AR genes

All AR genes

ABRESFinder ARGOD ResFinder
LD BacMet CBMAR CARD
LacED MUBII-TB-TB RAC LacED ResFams
Lahey Clinic list of B-lactamases U-CARE MvilDB c! X
Lahey Clinic gnr gene nomenclature list TBDReal Resfams BLAD Patric
NCBI Beta-Lactamase Alleles RED-DB Lahey Clinic NC?;I-nr HMP
Pasteur Institute Tetracycline and MLS nomenclature database Instituut Pasteur Uniprot RED-DB
Pfam U-CARE
INTEGRALL
4 RAC SWISS-Prot ARG-ANNOT
Tetracycline & ABRES Finder
MLS Nomenclature

McArthur AG. et al. Ann. N.Y. Acad. Sci. 2017; Xavier BB et al. J Clin Microbiol 2016



CHALLENGES AMR DATABASES

» No single database is complete:

Resistance vs. non-resistance mutations in intrinsic genes
Mutations in ribosomal RNA genes (e.g. linezolid resistance)
Mutations in regulatory elements (e.g. efflux pump)

Insertions (e.g. IS-element inactivation mgrB — colistin resistance)
Resistance by absence (e.g. porin genes)

Resistance operons (e.g. vancomycin resistance - VVE)



Z} CHALLENGES AMR DATABASES

» Maintenance
* Funding is often project driven
* Update frequency varies
» Accessibility
* Humans
 Computers

» AMR gene nomenclature
e Conflicting names
* Generalized names/allele specific



2} CHALLENGES AMR DATABASES

» Genotype <-> phenotype:
e Lack of linked metadata (e.g. MIC) to AMR databases
* No database predicts phenotypic resistance profile

E. coli: blagyy 45, bl0 1ty .14, Dl1O1eM.1, GOdA-5, aac(3)-lid, gyrA S83L, parC S80I, dfrA-17, sul-1

Antibiotic Resistance genes Genotypic MIC Interpretation
Interpretation
Mecillinam OXA-48, CTX-M-14 R 2 S
Piperacillin/tazobactam  OXA-48, CTX-M-14 R 128 R
Cefuroxime CTX-M-14 R >256 R
Cefotaxime CTX-M-14 R 64 R
Ceftazidime CTX-M-14 R 2 I
Ertapenem OXA-48 R 1 I
Meropenem OXA-48 R 0.25 S



-;Q MIC/ZONE DIAMETER

Permeability

Capsule

Quter membrane

Porin

e 0 ¢
Q8

xae0a0eaRoN: | QOB W R QR0 Peptidoglycan

Periplasm

000CRE X0
Inner membrane
66000086806660808889)

Active Cytoplasm
transporter

— Passive |
transporter |\ f

Efflux pgp  B-lactamase

Reduced
susceptibility/resistance:
complex interplay of
several factors

—> MORE THAN PRESENCE
ABSENCE OF A RESISTANCE
GENE/MUTATION

(acquired or increased expression of intrinsic B-lactamase)

» Paradigm shift necessary:

* Genotypic detection -> phenotypic prediction based on genotype



R IN-HOUSE OR «ONLINE» TOOLS?

T ——

. :
S CASTB M. tubercul-OSIs
ABRicate Mykrobe predictor » Mykrobe predictor:
PATRIC-RAST )
SEAR PhyResSe = M. tuberculosis & S. aureus
SRST2 y
" » PATRIC-RAST:
= Carbapenem-R A. baumannii

= MRSA
= B-lactam/co-trimoxazole-R S. pneumoniae

ARG-ANNOT
RGI
SSTAR




Z DIFFERENT TOOL — SAME DATABASE

> 3 main databases:
= ResFinder, ARG-ANNOT, CARD

> ABRicate: i

i

= ResFinder i%sgi‘:;eef Mykr;is;t?dictor
> SEAR, SSTAR: SEAR e o
SRST2 :
- ARG-AN N OT _ TB profiler
> SRST2:
= ResFinder + ARG-ANNOT
> RGI: ARG-ANNOT

RGI

= CARD SSTAR




E! BIOINFORMATIC METHODS/ALGORITHMS

e Continuous development of bioinformatics methods/
algorithms

» ResFinder: Assembly/BLAST
» SRST2/KmerResistance: Mapping raw reads

True pos. False pos.

Table 2. Performance on the datasets Accuracy Performance fraction fraction

Dataset Method SMC MCC TPP FPP

UK hospital full set SRST2 95.92% 0.9026 0.9407 0.0331
ResFinder 96.04% 0.9052 0.9407 0.0314
KmerResistance 96.04% 0.9052 0.9407 0.0314

UK hospital down-sampled SRST2 73.43% 0.2679 0.0988 0.0
ResFinder 71.33% 0.1402 0.0277 0.0
KmerResistance 95.34% 0.8870 0.9051 0.0264

Claussen PT et al. J Antimicrob Chemother 2016



é! CARD:

Comprehensive Antibiotic Resistance Database

» Manually curated

» May 2017: 2353 reference sequences/944 SNPs

> Fasta files

» Ontology-driven database — ARO (Antibiotic Resistance Ontology)

Table 1. Major branches of the Antibiotic Resistance Ontology (ARO)

Description

ARO branch ARO accession
Determinant of Antibiotic ARO:3000000
Resistance

Mechanism of Antibiotic ARO: 1000002
Resistance

Antibiotic Target ARO:3000708
Antibiotic Molecule ARO:1000003
Inhibitor of Antibiotic Resistance ARO: 0000076

http://arpcard.mcmaster.ca

Ontology terms describing genes, mutation, or genomic elements
conferring antimicrobial resistance.
Ontology terms describing mechanisms of antimicrobial resistance.

Ontology terms describing targets of antimicrobial compounds.
Ontology terms describing the chemical diversity of antimicrobial
compounds.

Ontology terms describing molecules that inhibit antimicrobial
resistance.

Jia B et al. Nucleic Acids Res. 2017



Q RGI - Resistance Gene Identifier (CARD)

Reference Sequences & Detection Model Parameters

° Model Type: protein homolog model
ro e I n o m o O g Model Definition: Models to detect proteins conferring antibiotic resistance, which include a reference protein sequence and 2

curated BLASTP cut-off.
E-Value Cut-off: 1e-100

Protein DNA

>gi|CAZ39946.1|-|NDM-1 [Klebsiella pneumoniae] il
MELPNTMHPVAKLSTALARA, TRP! APRVHQ
HTSY! VI )ILNWIKQEINLPVALAVVTH
ATYANALSK(
XVE ITVGIDGTDIAFGGCLL

PRASMIVMSHSAPDSRAAITHTARMADKLR

Reference Sequences & Detection Model Parameters

> Protein Variant: e ———

Model Definition: A model to detect probeing that confer elevated resistance to antiblotic{s) relative to wild type. These models
Include reference sequences (which may or may Rot be a wild type sequence), a curated BLASTR cut-off, and mapped resistance

- AMR mUtationS (SNPS) !mmwammmnmm_wM|mlmmm:mm

D94y

PMID: 17035499  [A745|[TRoa|

= Nonsense mutations s e

[s95T] [L106V]

[P102H]

" |nsertions

Protein DNA

.
. >gi| CCP42726.1 | + | Mycobacterium tuberculasis gyrA conferring resistance to fluoroguinolones
e e I O l l S [Mycobacterium tuberculesis HI7RV]

HTDTTLEPODSLONIEEVD I EOEHORSY I0Y AMS VIVGRALPEVEDGLE PV ERRVL Y AHK
DSGFRFDRSHARSARSYAETHGNY HFHGOAS L YDSLVRHAPWSLEY FLYDGOGNFGSPG
o HOPPARMAY TEARLTPLAMENLAE [ DEETVDF I PRYDGRVOEPTVLESRIPHLLANGS GG
] F ra m e S h Ifts IAVGMATNI PPHNLAELADAVIWAL NN DADEEETLAAVMGHVEGE DI PTAGL IVGS0GT
ADAYRTGAGS [RMRGYVEVEEDSRGRTSLY I TELPYQVRUDNT ITS IAEQVRDGKLAG LS
HIEDQEEDRVELAIVIEIERPAVARVY INNL YENTOLOT SFGANMLAT VDG YFRTLRLDD
LIRYYVDUJLOVIVARTTYRLAKARERAN [LRGLVEALDALDEV IAL I RASETVDLARAG
. . . LIELLDIDEIQAGAT LOMOLARLAALERGRT I DDLAR T EAETADLEDT LARPERQRG T VE
[ | D Iffe re n t I a te d by S p e C I e S DELAEIVORNGDDRRTRI IAADGDY SDEDLIAREDYWYT ITETGEARRTETOLYREQRRG
GREVOGAGLEQDD I VARFFVC S THOLI LFFT 0GRV YRAKAY DLPEAS RTARGONVANLL
AFOPEERTAQY IQTRGY TDAFYLVLATANGLVKESELTOFISNRSGGIVAVRLADNDELY
GAVLCSAGDDLLLVSARGOS I RFSATDEALR FRGRATSGVOGHRFK I DORLLSLIVVREG
TYLLVATSGGTAKRTAIEE Y FYOGRGGRGVL TVHYDRRRGRLVGAL IVDDDSELTAVT 56
GGV IRTARROVRKAGROTEGVALMNLGEGDTLLATARNAEES GOORAVIANGADGTGH

Jia B et al. Nucleic Acids Res. 2017




2 RGI - Output

Home | AllResuts  92470404025505b23ceeed788e81622b-PS *

ARO Accession

ARO Category

bt score

Evalue

Percentage Identity (of matching region)
Percentage Identity (of matching regicn)
Model type

Model Cut-off

Seurce

STALAAAUML
HTSYL IVRDGGRVL

determinant of beta-lactam resistance, antibiotic inactivation enzyme
555.029

°

100%

100%

protein homoleg model

10100

NZ_CP020902.1_124

NZ_CPO20902.1_124#12835121 1243 8 2 8 H0c_Cont=0.615
OIBL_ORD_IDI913{hsp_num:0

128351

129163

VERQLAPWG
PVALAVWTH

L
PRASHIVMSHSAPOSRAAT THTARMADKLR

RGI Results (Cickon the melwn

Hit Criteria E-value Percent Identity
oaxA Perfect ] 100
APH(3")-VI Perfect ] 100
TEM-1 Perfect 0 100
CTX-M-15 Perfect ] 100
armA Perfect ] 100
CTX-M-15 Perfect 1] 100
sult Perfect 0 100
NDM-1 Perfect ] 100
SHV-11 Perfect: 0 100
msrE Perfect 4] 100
oxXA-9 Perfect 0 100
mphD Perfect o 100
Qnrs1 Perfect 4.29719%e-165 100
AAC(6")-1b Perfect 1.96996e-150 100
AAC(6")-Ib-cr Perfect 1.16692e-148 100

NDM-1

Download Sequences

PDB: 3Q6X | Expand

Accession ARO:3000589

Synonym(s)

Definition NDM-1 is a metallo-beta-lactamase isolated from Klebsiella pneumoniae with nearly complete

resistance to all beta-lactam antibiotics.

Classification 22 ontology terms | Show

Parent + ertapenem (confers resistance to drug)
Term(s) + meropenem (confers resistance to drug)

+ NDM beta-lactamase (is_a)
+ imipenem (confers resistance to drug)
+ amoxicillin-clavulanic acid (confers resistance to drug)

Sub-Term(s)

Publications  Zhang H and Hao Q. 2011. FASEB ] 25(8): 2574-2582. Crystal structure of NDM-1 reveals a common

{beta}-lactam hydrolysis mechanism. (PMID 21507902)



£ RESFINDER

Center for Genomic Epidemiology - » ONLY acquired resistance
Services Instructions Output Overview of genes Article abstract

ResFinder 2.1 genes

ResFinder identifies acquired antimicrobial resistance genes in total o partial sequenced isolates of bacteria.

Fasta file with test sequence: Test_seguence

NOTE: Currently ResFinder focuses on acquired genes and does therefore not find chromosomal mutations (NAL, FUS, high-level CIP, RIF
resistance, etc )

| » NOT chromosomal
mutations

Amincglycoside o
Betalactam

Colistin

Flucroquinolene

Fosfomyein

Fusidic Acid o

Select Antimicrobial configuration
Select muttiple items, with Crl-Click (or Cmd-

Select threshold for %ID
o

I » Batch upload of sequence

Select type of your reads
Assembled GenomelContigs®

' d . b I
If you get an *Access forbidden. Error 403": Make sure the start of the web adress is hitps and net just hitp. Fix it by clicking here a t a p O S S I e

M Isolate File

Name Size Progress Status

= » Assemblies/raw reads

» Updated frequently

https://cge.cbs.dtu.dk/services/ResFinder/



R RESFINDER - Output

Center for Genomic Epidemiology

Home Services Instructions Qutput Overview of genes Article abstract

ResFinder-2.1 Server - Results

Aminoglycoside

R tance - = HSP = = = = = Accessi

Aminoglycoside

aac(3)-lla 99.77 861 /881 LNGZ01000055.1 1824..2684 \
resistance

aph(3)-  9g46  7380/780  LNGZ01000154.1 5729.6508 ‘minoglycoside

Via resistance e

Beta-lactam

" " HSP Positi in " Accession

Colistin

Fluoroquinolone



2 ARG-ANNOT

» Acquired resistance genes &
chromosomal mutations

MEDITERRANEE ARG-ANNOT.

» Analysis in BioEdit
» Last update 2013/57

5- Blast Output:
W File Edt Format Accesory Application RNA  World Wide We

fj! /0 ([ u/ sequence alignment editor for Win95/98/NT/2K/XP

http://en.mediterranee-infection.com/article.php?laref=283%26titre=arg-annot



= NCBI

NCBI  Resources [¥) How T miabors My NCBI Sign Out

BioProject BioProject v | ‘
Advanced Help
Display Settings: = Send to:
Related information =
Bacterial Antimicrobial Resistance Reference Gene Database Accession: PRINA313047  1D: 313047 Fyy) text in PMC

This Bioproject contains annotated sequence records for representative DNA sequences that encode proteins conferring or contributing to Genomic DNA

resistance to various antibiotics. More... .
Nucleotide

Protein
Accession  PRINA313047 PubMed

Data Type Genome sequencing

Scope Multispecies Relat
Publications 1. Lahiri SD et al., "Identification of Novel VEB p-Lactamase Enzymes and Their Impact on Avibactam Inhibition.”, Antimicrob NCBI ’ NCBI  National Center for Biotechnology Information
Agents Chemother, 2016 Apr 22;60(5):3183-6

More... Naticn
Organi Health > Pathogen Detection > Betalactamase Data Resources
Submission  Registration date: 24-Feb-2016
NCBI Submi
Beta-Lactamase Data Resources
« National Database of Antibiotic Resistant Organisms CARD
More...
Lahey
Related « CARD : NOTE: THIS RESOURCE IS DEPRECATED AND REPRESENTS AN OLDER SNAPSHOT. FOR THE
Past
REEE e LATEST REFERENCE SET OF ANTIMICROBIAL RESISTANCE GEMES/PROTEINS GO TO THIS
= Pasteur Institute Beta Lactamases ResFir
+ ResFinder PROJECT: Bacterial Antimicrobial Resistance Reference Gene Database
NCBI 1
Relevance  Agricultural, Medical, Industrial, Environmental, Evolution . L . - ;
Along with assigning new allele numbers to certain beta-lactamase families, NCBI has built the
;?;;If T8 am Recer Bacterial Antimicrobial Resistance Reference Gene Database which contains the latest curated
beta-lactamase protein and nucleotide sequences. Please use this resource for the most up to
Project Data: B & date information on antimicrabial resistance
Re
Resource Name By . . .
of Links B A We have deprecated two sets of beta-lactamase sequence files-these files are no longer actively
Se eTh ol maintained and may contain errors, inconsistencies, and outdated information:
Nucleotide (Genomic DNA) 4004 Q B
Protein Sequences 4004 1. Downloadable protein sequence files, nucleotide sequence files, and a table providing
Pk; ;r :;'E 1559 Q B accessions and curated gene product names for those beta-lactamase from families curated by
Pruv‘\C © ZD; NCBI for which there were nucleotide or protein accessions in Genbank on or before April 12,
- B o 2016.

2. Downloadable protein sequence files, nucleotide sequence files, and a table providing

https://WWW.ani.nIm,nih,gOV/biOprOject/PRJ NA3 13047 accessions and curated gene product names for those beta-lactamases from the Lahey Beta-

Lactamase site through to July 1, 2015 for which there were either nucleotide or protein

accessions in Genbank.

Additional information about these resources is provided in the Read Me file, and the parent
directory of these files is found at ftp://ftp.ncbi.nlm.nih.gov/pathogen/betalactamases/.

To submit novel beta-lactamases, see this
page: https://www.ncbi.nlm.nih.gov/pathogens/submit-beta-lactamase/

https://www.ncbi.nlm.nih.gov/pathogens/beta-lactamase-data-resources/



£ PS!

Know your species!

» 0gxAB — K. pneumoniae

» blag,,.,,.,, — K. pneumoniae
> bla.;y.\, - Kluyvera spp.

> blagy, as.iike — Shewanella spp.
> bla ., — B. fragilis

> Etc, etc, etc,

esistance " - HSP

ogxA 99.23 LNGZ01000157.1 30757..31932  Quinolone resistance EU370913

ogxB 98.86 LNGZ01000157.1 31956..35108  Quinolone resistance EU370913




2} CONCLUSIONS

» No database is complete
» Antimicrobial resistance is not static

* new mutations/resistance genes emerge
» Lack of genotypic -> phenotypic correlation

* new models needed for prediction of phenotypes (clinical
relevance)

I NEED TO KNOW STRENGHTS AND WEAKNESSES OF EACH
DATABASE AND BIOINFORMATIC APPROACH



