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Why Study Microbes in Space?

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



Supervised Machine Learning for Prediction of Antimicrobial Resistance

• A Deep Learning approach for predicting antibiotic resistance genes (ARGs) from 

metagenomic data

• Curated database of 14,933 genes from three databases (CARD, ARDB, and 

UNIPROT)

• Model: 
• Input layer of 4333 units that correspond to the ARGs from ARDB and 
CARD
• 4 hidden layers of 2k, 1k, 500 and 100 units
• Output layer of DNN consists of 30 units that correspond to antibiotic 
resistance categories (102 antibiotics consolidated into 30 antibiotic 
categories)

• Two models: SS (short read sequences) and LS (full gene length sequences)
• The CARD and ARDB genes were selected to represent known ARGs, 
whereas the UNIPROT genes were used for training and validation of the 
models.

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

DeepARG, Arango-Argoty et al. Microbiome (2018)
Figure obtained from: https://bench.cs.vt.edu/deeparg
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Supervised Machine Learning for Prediction of Antimicrobial Resistance
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MAG = metagenome-
assembled genomes 
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Prediction of Antibiotic Resistance Genes (ARGs) using a pre-trained DeepARG-SS model

Distribution of ARG read

counts across antibiotic 

classes for the three 

flights

Correlation of read 

counts found by

DeepARG-SS and 

those in Singh et al. 

(2018).

Read counts of ARG class across flights for 

each location for propidium monoazide (PMA)-

treated samples in Singh et al. (2018)

Propidium monoazide (PMA) is a photoreactive DNA-binding dye that 
preferentially binds to dsDNA. It is used to detect viable microorganisms by qPCR



Important! 
low sequence identity (mostly discarded by traditional approaches) but 
high probability

ARGs detected in Open Reading Frames (ORFs) in metagenome-assembled genomes (MAGs) from 
PMA-treated samples
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Distribution of 

DeepARG classification 

probability and best-hit 

identity in MAGs 

retrieved from the ISS

Total number of ARGs predicted 

for each flight and location

Number of ARGs 

predicted for each MAG. 

Most common antibiotic 

class (multi-drug) not 

shown

https://www.mdpi.com/2076-0817/9/9/711
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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) validations
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Heatmap with ARG count. The barplots illustrate the 

number of ARGs across rows and across columns.
Antibacterial Susceptibility Tests 

(AST) on E. bugandensis and B 

cereus strains for several 

antibiotics (top), and comparison 

with machine learning predictions 

shown in (a)

Scatterplot of 

zone of inhibition 

value (in mm.) and 

ARG count shown 

in (b), together 

with a linear 

model fit.
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Heatmap with ARG count. The barplots illustrate the 

number of ARGs across rows and across columns.
Antibacterial Susceptibility Tests 

(AST) on E. bugandensis and B 

cereus strains for several 

antibiotics (top), and comparison 

with machine learning predictions 

shown in (a)

Scatterplot of 

zone of inhibition 

value (in mm.) and 

ARG count shown 

in (b), together 

with a linear 

model fit.

https://www.nature.com/articles/s41598-018-23069-z.pdf

https://www.thelancet.com/journals/lanmic/article/PIIS2666-5247(21)00098-7/fulltext

https://www.frontiersin.org/articles/10.3389/fmicb
.2020.01731/full

https://journals.asm.org/doi/epub/10.1128/CMR.00073-09
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