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= T ¥ Why Study Microbes in Space?

The International Space Station is home to potentially —
dangerous bacteria Science Focus m
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International Space Station astronaut Karen Nyberg made a video showing how she washed her hair—and
inevitably put her microbe-laden cells in the air. nasa
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Space Station conditions are selective but do not

alter microbial characteristics relevant to human Jan 22,2020
health

Maximilian Mora], Lisa Wink‘, Ines Kbgler], Alexander Mahnerll, Petra Rettherg 2, Pelra Schwendner{
René Demets”, Charles Cockell® 3, Tatiana Alekhova®, Andreas Klingl®, Robert Krause'?, Anna Zolotariof 3
© This article is more than 10 months old Alina Alexandrova® & Christine Moissl-Eichinger’”

New bacteria lurking on ISS no space oddity, says
scientist
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Study finds space station microbes are no more
harmful than those found in similar ground
environments

Rest assured, microbes do not, it turns out,
New species were discovered in the International Space Station - become “super bugs” in space.
but they probably didn't come from outer space

https://www.nature.com/articles/s41467-019-11682-z.pdf




Supervised Machine Learning for Prediction of Antimicrobial Resistance

Antibiotic Resistance

* A Deep Learning approach for predicting antibiotic resistance genes (ARGS) from !
P gapp P g g ( ) Mechanisms

metagenomic data
* Curated database of 14,933 genes from three databases (CARD, ARDB, and

UNIPROT)
® MOdel Rm‘i‘? ,5‘ le\’t}]tli‘l‘))(ic’;tlﬁ]p
* Input layer of 4333 units that correspond to the ARGs from ARDB and At A &
CARD . ® : éntlblgltlc-
* 4 hidden layers of 2k, 1k, 500 and 100 units o ensyme
« Output layer of DNN consists of 30 units that correspond to antibiotic . M e
resistance categories (102 antibiotics consolidated into 30 antibiotic
categories) o o
+ Two models: SS (short read sequences) and LS (full gene length sequences)
« The CARD and ARDB genes were selected to represent known ARGs, - "
.. . . Antibiotic B Antibiotic C
whereas the UNIPROT genes were used for training and validation of the > ¢ *,
models. Hidden Hidden Hidden v *
Input Qpﬁaenznd avoE 7 gﬁﬂgﬁg‘iﬁgﬂg nment —— gﬁﬁ,ﬁ,‘:ti:e_» Validation
/ ' Output e A ?JEF\ISIIP’:E)?QE::: |
. glﬁ!rROT respect the ARG :
databases |
® v
. » High quality ARGs Homologous ARGs Potential ARGs
% . Identity=>90% Identity>50% Identity<50%
E-value < 1e-10 E-value < 1e-10
. / and UNI-gene annotation and UNI-gene annotation
\ is the same as it best hit isthe same as it best hit

Discarded ARGs

A simple model of Deep Feedforward Neural Network Structure
(dotnets/Graphviz)

UNI-gene NO >/\N0 » N0
YES ijs YES AnnFactor =“Low”

AnnFactor = “High” AnnFactor = “Mid”
If UNI-gene Annotationis  The UNI-gene annotation
unknown, it is assigned is complemented with
to its best hit. the gene from the

These genes are
AnnFactor = “Manual” not considered
The UNI-gene annotation  in the database
is complemented with
the gene from the

DeeiARG, Aranio-Arioti et al. Microbiome (2018) best hit best hit




Supervised Machine Learning for Prediction of Antimicrobial Resistance
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Prediction of Antibiotic Resistance Genes (ARGS) using a pre-trained DeepARG-SS model
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Propidium monoazide (PMA) is a photoreactive DNA-binding dye that

preferentially binds to dsDNA. It is used to detect viable microorganisms by qPCR

Predicted ARG class

aminoglycoside nucleoside
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ey

YINd 21
YWd 21
YINd 81
YINd 927 24
YINd €7 24
YINd 87 24

Read counts of ARG class across flights for
each location for propidium monoazide (PMA)-
treated samples in Singh et al. (2018)

Sangh et al. Micrabicmses (2018) 6:204
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Succession and persistence of microbial L
communities and antimicrobial resistance
genes associated with International Space

Station environmental surfaces
Nitin Kumar Singh', Jason M. Wood', Fathi Karouia™ and Kasthuri Venkateswaran'" @



ARGs detected in Open Reading Frames (ORFs) in metagenome-assembled genomes (MAGSs) from

PMA-treated samples _
Total number of ARGs predicted

a 1.001 ‘M4 AL GO W@ ‘ Y ) b
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Distribution of for each flight and location
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ARGs detected in Open Reading Frames (ORFs) in metagenome-assembled genomes (MAGSs) from

PMA-treated samples _
Total number of ARGs predicted
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Heatmap and clustering of ARG counts detected in Microbial Tracking-1 pure strains
Isolated from the ISS and Antibacterial Susceptibility Tests (AST) valldatlons
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Antibacterial Susceptibility Tests
(AST) on E. bugandensis and B
cereus strains for several
antibiotics (top), and comparison
with machine learning predictions

Scatterplot of
zone of inhibition
value (in mm.) and
ARG count shown

in (b), together
linear

with




Heatmap and clustering of ARG counts detected in Microbial Tracking-1 pure strains

Isolated from the ISS and Antibacteﬂal Susceptibility Tests (AST) validations
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