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@ Introductory bioinformatics
@ Bioinformatics unit at KCMC/KCRI
@ Bioinformatics as tool for resistance determination
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A study of genes (DNA) and their
functions

K Kilimanjaro Clinical
Research Institute

Academic Centre for Evidence Based Health Interventions
An Institution of the Good Samaritan Foundation

Bioinformatics

A computer analysis of biological data
(DNA) i.e. decoding information stored

in the genetic code
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>NODE_1_Length_4413_cov_26.455925

TTATCGGGGCGAAGTGCCTCCGGTAAAAATACCAGAACAAGAGCCATTACAGGCATTGAC
GGTGATATCCGAATCAACAAAGCATTATGGATGATTGCTGAACAGTTCAGGGAGTGGAAG
TCATGATAATATAAGTAAAGCCCCGAAAAATTTTTCGGGGCTTTACTTATATTATCATCC
TGCGGCATTGCTGTGTCGTCTGATATGCCTCAATTTCATCAACTGGCTTTTCGGTAGTCT
GTAAATATTGTGCCCGCGAAAAATGGTCTGGCAGGAGGCTGCGCAGTTACCGGATATATA
TAAGATGGGGTCCCGCTTTGCGGGGCTTCGGCCAGTCAGCATTATCACTCATATGATATT
TTTGTGTGTGGCCTTCCATGCCGCTGTCGCGGCATAACCGGTATTTGACAATGTATACAA
TATTAATTGTTCTGCACACTGTTAATTTGGGAAAGTGATTTCTTCGTGGTCGGAACCCGG
ATGCCTTTACTGCTCTTTATCCAGGTATAAATCCGGTAAACCTCTGATGCGTAGGCAAGA
CATCTCTGGTTCTGGCGTTCGGTCTTCCTGAATCCGGCATTGTATGCACCAACGGCCTCC
CAGGAGACGCCCCATTTTTTAAAGGCTATTGCCAGATAATAAGCACCGGTATAAATGTTC
ATGCAGGGATCTGTTGTCAGATGTTCCGGCTTAATTCCATAGCGGGCCAGTTCGTTAAAA
TGCTGGGAATCTACCTGCATCAGTCCGCTGCCATATCCCGTTACCGGATTAATACCGATG
GCATTAACCCGGTAACGGGATTCTTTCCATGATATCGCTCTCAGTAAATCCGGGTCTATT
TTGTAATCCCGACCTGCAAGATCAAAGCAATCGGCGGCTTCGCAGATCCCATTTATAAAC

ATCAGGCAGATTGCTAACATCCATTTTTITCATTTTTCCACCTCTGGTGACTTTATCCGTA
AATAATTTAACCCACTCCACAAAAAAGGCTCAACAGGTTGGTGGTTCTCACCACCAAAAG
CACCACACCCCACGCAAAAACAAGTTTTTGCTGATTTGCTATTTGAATCATTAACTTATA

TTTTAAATAATGTATTTTAATTTATTTTACATTATAAAAAGGATTCATTGGTGAATCGCA
TATGATTCACCAATGAATTTAACGCAACTCATAGATGAATCAGTAATAATAAAACAACGA
GTTAAAGCGAATTGACTCTAGATTCAATTCGTGATGTGATTTGCTGCATGAATCGTAATT
TTCGTAACTTGCGTCACGAT TCGATTCATCGATGAATTGTCATTTT T TATATGTGAAATA
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Bioinformatics (3)
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Credits to Henrik Hasman et al.
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Whole genome sequencing

1 days 12-18 hours
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Credits to Henrik Hasman et al.
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— . .
Whole community sequencing
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Credits to Henrik Hasman et al.
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1 . .
Whole community sequencing

12-18 hours
A
Identification, Susceptibility testing and Typing

Various Comparison to
Samples global databases

Urine
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Analysis
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purification Clonality
Resisitance
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Local and global
repository

CSF
Stool
Pus/wound

Credits to Henrik Hasman et al.
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Objectives
1. To set up genomics/bioinfo units at KCMC/KCRI
2. To use the genomics/bioinfo tools for diagnosis

3. To share the genomics/bioinfo tools with others
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Sequencing Storage server Analysis server

Local repository (Genie) repositories

Web server \

External user KCRI user



The portal
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KCR

Quick Links
OpenClinica

HighRif 2
QOEBA

WGS
TanZamBo
Muleba
Haydom
HR2 Test
WGS Test
Mul/TZB Test

Genie Homepage
MLST
PlasmidFinder
KmerFinder
pMLST
SpeciesFinder
ResFinder
NDtree

snpTree
Assembler
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kcri applications portal

home info sharing data management bioinformatics contact

Bioinformatics Tools

The KCRI Bioinformatics Unit operates “Genie", an application server offering a range of
applications for genomic analysis. The Genie server was originally configured by researchers
at the Center for Biological Sequence Analysis of DTU Copenhagen. It will be further
developed jointly by KCRI and DTU, in the context of their collaboration programme focused
on microbial genomics.

Genie's homepage is here. It offers the following services:
Typing and ldentification

Multi-locus sequence typing (MLST)
Plasmid Finder

K-mer Finder

Plasmid MLST (pMLST)

« Species Finder

Resistance determination
« Resistance Finder (ResFinder)
Phylogeny analysis

« Nucleotide Difference (NDtree)
¢+ Sinale Nucleotide Polvmorphisms (snpTree)



Determining resistance
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ResFinder 1.4 (Acquired antimicrobial resistance gene finder)

ResFinder identifies acquired antimicrobial resistance genes in total or partial sequenced isolates of bacteria.
The input sequence must be in one-letter nuclectide code and the filename must not contain space. E.g. correct filename: "test_VTE

Ha.fasta"
Test sequence NOTE: Currently ResFinder focuses on acquired genes and do therefore not find chromosomal mutations (MAL, FUS,
8 0O 0 Select files or folders
=3 Browse Loakin: |2 assembiies | v| () @) &)
Uploads @ DTUZ013_ 1692 _PRI964_Cram_neg_rod_unknown_S58.171

@ DTUZO01l= 1692 PRI964_Cram_neg_rod_unknown_S35.re
@ DTUZ013_ 1695 PRIZe4_Proteus_mirabiliz_7&.fna
@ DTUZ01l=_ 1695 PRI964_Proteus_mirabilizs_7&.readme.tx

€ [ ] E3

| File Mame: |
Total files: O {M/A). —
[ Filez of Type: | Allowed files {*) LT

Select Antimicrobial configuration ok J[ cance |

Select multiple items, with Ctrl-Click (or G
Al m‘_
Aminoglycoside

Beta-lactamase
Fluoroguinolone
Fosfomycin
Fusidic Acid
Select threshold for %ID
100 %
Select type of your reads

Assembled Genome fContigs®

Submit Clear fields



Kilimanjaro Clinical

Research Institute

cademic Centre tor evidence base nterventions
An Institution of the Good Samaritan Foundation

Resistance results

ResFinder-1.3 Server - Results

Aminoglycoside

Predicted
phenotype

Accession
number

Resistance
gene

HSP/'Query

Yeldentity length

Contig Position in contig

Beta-lactam

Resistance
gene

“%eldentity

HSP/Query
length

Contig

Poslition In
contig

Predicted phenotype

Accession
number

Flucroquinolone
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. DTU2013_1545_PRISEA_Escherichia_coli_3D I

[ CTU2013_1E1E_PRISEA_Escherichia_coli_T1

DTUX0L3_1616_PRI9G4_Escherichia_coli_*0

DTU2013_1620_PRMEGS_Escherichia_coli_73

DTUZ2013_15326_PRIAGA _Escherichia_coli_4

OTUZ312_16598_PRIAGA_Escherichia_cali_82

I DTU2013_1585_PRISG4_Escherichia_coli_10

l DTUZOLE_1587_PRI964_Escherichia_coli_22

I DTU2013_1567_PRBGA_Escherichia_caoli_5

| DTU2013_1703_PRISEA_Escherichia_coli_5

DTUW201 3_1580_PRIGG4_Escherichia_coli_44

DTUZ2013_16495_FPREMGS_Escherichia_cali_77

DTU2013_1553_PRISEA_Escherichia_fergusonii_33

DTU2OL13_15&7_PRIBEA_Escherichia_coli_5.readme

DTU2OL3_1612_PR)SGA_Escherichia_coli_G2

DTUW2013_1578_PRIGG4_Escherichia_coli_41
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DTUZODLI_L7DE_PR|9G4_Escherichia_coli_41
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Determination of resistance due to ESBL-producing
bacteria at KCMC
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o Enzymes that mediate resistance to extended-spectrum (third generation)
cephalosporins (e.g., ceftazidime, cefotaxime, and ceftriaxone) by hydrolyzing -
lactam ring http://www.cdc.gov/hai/settings/lab/lab_esbl.html

@ Limited choice of drugs for treatment

@ More health-care resources due to
o Long hospitalisation time
o Drug costs: 15 times more expensive

@ Increased risk of clinical outcomes and death



http://www.cdc.gov/hai/settings/lab/lab_esbl.html
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@ \Whole genome sequencing
o MiSeq system (lllumina®)
@ Bioinfo analysis

o ResFinder
* Threshold set: 100% ID
 Minimum length of nucleotides: 60%



Results

@ Overall ESBL burden: 54.2%
@ Highest prevalent gene: blaOXA (30.1%)
@ Lowest prevalent gene: blaSHV 6.0%
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@ This highlights the need for
o ESBL screening in our hospital

o Robust(one-in-all) diagnostics that can timely and
accurately identify infectious disease agents



Genomics/bioinfo publications
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' ole-Genome Seq ?
Invelgti‘;;tiun of a sSuspected Tubercu

. «eachomatls
Outbreak | of Chlamydlfé trac

ulture
\N\-\b\e—ge“ome >
o) O _icV Rachel ) scott,
WhO'E-genome se ven . rrlS, _‘.__,6 Paul ! mering A.
Fesinifa quencing to establish relapse or

ction with Mycobacteriy ]
m tuberculosis: i
observational study S

uencing for
e~

Rap

L~



Acknowledgment

Kilimanjaro Clinical

Research Institute

Academic Centre for Evidence Based Health Interventions
An Institution of the Good Samaritan Foundation

DIU

UNMIVERSITY OF "H"

COPENHAGEN

Collaborators



