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Culture-based clinical microbiology

clinician Genetics-based clinical microbiology
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Predicting antibiotic resistance de novo

Machine Learning to rule-out
large number of no-effect
mutations

Relative binding free energies
to rule-in remaining mutations
that confer resistance
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kubernetes I

docker

nexciflow

This isn’t HPC; a single SARS-CoV-2 sample
requires about 0.3-0.5 CPUh

But there are >3 million SARS-CoV-2 raw
genetic files deposited in the European
Nucleotide Archive.



Free to low- and middle-income countries

Engaged in tenders with public health agencies in high-
Income countries

Organisations own their data

*. GPAS

ilot;al.P:;thogen Organisations can choose to share samples
nalysls System with the relatedness service

Organisations can choose to grant access to
samples so another organisation can view them.

At its core, GPAS just processes samples; it doesn’t replace GISAID
or ENA or NextStrain, but hopefully makes it easier to use them

Use GPAS to (optionally with consent) collect additional data for
research projects



Sample Name: ERR7482452

SHge Nucectoe varencas SANY

|dentical samples assumed to be part of the same outbreak

If enough countries share their samples, will be able to detect importation events
(outbreaks across geographical borders)

Will also enable novel variant detection since will tell you that no-one has seen a
related sample
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Mycobacterium tuberculosis

Grows slowly (=24h doubling time)

~10 million develop TB each year
and around 1.5 million die

Before SARS-CoV-2, TB killed more
people every year than any other
Infectious disease

Predicting antimicrobial resistance http://fowlerlab.org @philipwfowler
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CRyPTIC

Collected >20,000 TB
samples from 11 countries
on five continents. Each
seguenced and tested with
panel of 13 antituberculars.

Science & technology Oct 23rd 2021 edition

Tuberculosis

Most resistance-causing mutations in TB
have now been identified

That will permit personalised treatment of the disease

Sty s

Oct 19th 2021 o Q ® @

NTIL SARS-COV-2 emerged, the most destructive pathogen on the planet was

Mycobacterium tuberculosis, the bug that causes TB. In 2020, according to the
latest report from the World Health Organisation, published on October 14th, this
organism cut short 1.5m lives—a figure 100,000 higher than the previous year (and
the first annual rise since 2005), mainly because of disruptions to health services
caused by covid-19. People whose immune systems have been wrecked by HIV are
particularly at risk. Some 200,000 of the 680,000 annual AIDS deaths are a result of
secondary TB infections.
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Catalogue of mutations in

complex and their association
with drug resistance

75,000 TB genomes
Most with some drug
susceptibility testing data

& World Health
#.¢ Organization




Catalogue of mutations in
complex and their association
with drug resistance \ /’

Global Pathogen _ cheap, rapid treatment
Analysis System plans to treat tuberculosis?
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Predicting antibiotic resistance de novo

Relative binding free energies
to rule-in remaining mutations
that confer resistance

Machine Learning to rule-out
large number of no-effect
mutations
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M. tuberculosis RNA polymerase f‘: PDB: 5uh6
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Lin W, Mandal S, Degen D, Liu Y, Ebright YW, Li S, Feng Y, Zhang Y, Mandal S, Jiang Y, Liu S, Gigliotti M, Talaue M, Connell N, Das K, Arnold E, Ebright RH. 2017.
Structural Basis of Mycobacterium tuberculosis Transcription and Transcription Inhibition. Mol Cell 66:169-179.e8.
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Pipeline

Dataset:

+ CRyPTIC (Comprehensive f‘#"i
Resistance Prediction for  CryPTIC
Tuberculosis: an International
Consortium) project

* WHO-endorsed catalogue of
mutations (binary and MICs)

* 17978 samples

Filter for:

. rpoa

* unique mutations (mostly S450L)

* remove synonymous and phylogenetic
mutations

* aggregate phenotypes
* 307 samples: 2595, 48R




Building the features dataset: sbmlcore

Python module of classes and AminoAcidProperties StructuralDistances
functions to build a protein Changes in: * COM of entity of
features dataset * Volume interest to each Ca

* Hydrophobicity (Kyte-
Doolittle and Wimley-

White) DeepDDG
* Molecular weight * Predicts change on
* lIsoelectric point protein stability

DNA  ExternalCode

* Secondary structure TrajectoryDistances
(Stride) * (Calculation of mean

* Solvent accessible surface distances across MD
area (FreeSASA) simulation

* Predictions in change to trajectories — in
protein function (SNAP2) progress!

Rifampicin MRNA



Structural distances in RNAP

Distance from rifampicin Distance from Mg ion Distance from Distance from
(very similar to mRNA) peripheral zinc ion buried zinc ion



Logistic Regression

All features Reduced features

True
True

Predicted Predicted
Precision: 0.89 Precision: 0.87
Sensitivity: 0.92 Sensitivity: 0.97

Specificity: 0.53 Specificity: 0.40



Random Forest

feature

Feature Importance Plot

e dods
S ore

SASA

reudoe sana

P

phs

ANA diviance
serge P _distance
artsense P aistance
InZ dmlarce

Znl distance
distance

P ditance

am

d N

d hydropat™»y WW
d_Pyaropatty KD
d voume

000 002 004 006 008 010 012 0134 01so
feature importance

True

True Neg Farve Pos
9 6
11 .869°% 1. T9%

False Neg

3.90%

Predicted

Max depth: 6 Precision: 0.91 Sensitivity: 0.95 Specificity: 0.60



Predicting antibiotic resistance de novo

Relative binding free energies
to rule-in remaining mutations
that confer resistance

Machine Learning to rule-out
large number of no-effect
mutations
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Rifampicin/RNA polymerase

S388L
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L443F

Fluroguinolones/DNA gyrase
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N windows N windows N windows

Wildtype decharge decouple  recharge Mutation
DHFR > > > DHFR
AG; AGy, AGyg
N\ _J
Y

AC:‘.1 = AG11 + AG12 + AG13

AG 4 ; AG2

Optimise decharge, decouple, recharge
separately: n(A), duration, number of sims

v
Trimethoprim ] o ] ]
Wildtype Aim for similar magnitude of error in all
alchemical free energy calculations
A A
remove remove
restraints  AG; AGs  restraints
N windows N windows N windows
Wildtype decharge decouple recharge Mutation
Distance % > > P> @
restraints AG
AG, AGg, 63
. J
Y

AGG = AG61 + AG62 + AG63
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