Machine learning supported image analysis of microfluidic
droplets: Using Random Forest classifiers and Bayesian
inference for identification of experimental conditions
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1. Experimental setup 4. Droplet decoding

» Coincubation of Escherichia coli and antibiotics in 300 pL droplets

 Encoding ex
e Analysis of

perimental conditions by combinations of bead colors
roplet triggered images

e Upto 20 coc

es per experiment tested so far, theoretically 72 codes possible
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Droplets generation
and triggered imaging

1.0mg/LTET 20mg/LTET 25mg/L TET 5mg/LTET 10mg/L TET
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Incubation

Each droplet has a true code (K;) and the RF gives a detected code (Kp)

Kp = {CD,l' I CD,ND}

We are looking for the most likely code given:
0 Bayes theorem

p(Kr|Kp)~ p(Kp|Kr)p(Kr)
o The misclassification rate of the RF

Vi, = Lky, ko] = [22,1]
KT — {91 0}1 {g} or {0}

Np: Number of detected colors
in a droplet

\ Number of beads of color j

Np
p(Kpl|K7) = 1_[ P(CD,j|CT,j)kj
j=1

o A multinomial distribution with equal probability for each color

Image acquisition
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Image analysis and oﬁ\
droplet classification ¢-

Droplets reinjection \#..
and triggered imaging

Overview of the experimental setup exemplified by ten codes encoding ten
concentrations of the antibiotic Tetracycline hydrochloride (TET).
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(A) Snapshot of droplet generation. (B) Droplets entering the 20 um high imaging
channel. (C) Phase contrast image of droplets in the incubator.

 Adapting to each new dataset

4259 droplets manually validated
« 18 were wrongly decoded (<0.5%)
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2. Segmentation 5. Minimum inhibitory concentration

Droplet and bead segmentation

Known MIC of TET versus E. coliis ~1-2 mg/L [3]

e N > Three replicates with 12 concentrations, one with 2x10 concentrations
el ) Percentage of droplets with growth as antimicrobial susceptibility indication
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8 bead colors

e 11x11 pixels

« Lab colour space

« Random forest (RF) with 5000 trees
 Implemented in Python using scikit-learn
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6. Conclusions

Method able to encode and decode at least 20 experimental conditions

No need for fluorescent dyes and laser illumination that may interfere with biological
activity

To be merged with current growth detection and sorting algorithm [3]
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