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Microfluidic droplets

* Collaboration with Bio-Pilot Plant at Leibniz-HIK and Fraunhofer IOF Droplet encoding

* Encapsulation of single cells in droplets

« Droplet generation and screening in the range of 100-1000 Hz

* Monitor microbial growth

 Demonstration of encoding of experimental conditions using color beads [1]

« Application to antibiotic susceptibility testing of eight different antibiotics validated
by Microtiterplate (MTP) experiments

Control1 10 mg/L CAR 0.5 mg/L CIP 10 mg/L KAN 10 mg/L LIN

« Using Deep Learning to determine growth stages in droplets Droplets generation
 Angle-resolved scattering spectroscopy to determine single cell division events and triggered imaging Control 2 10 mg/L TET 05mg/LRIF 10 mg/L NLA  10mg/L NIS
E. Coligrowth calibration curves Incubation
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Droplet content determination
Bead classification Droplet decoding
Cr: True bead color « Eachdroplet has atrue code (K;) and the RF gives a detected code (Kj)
Cp: Bead color detected by RF _
O % : . . Kp = {CD,1» T CD,ND}
| - Q RF are resistant to faulty labels in training data [2] . We are looking for the most likely code given:
— black JCEEEN 0.0028 1e-06 0.00034 0.023 0.015 0.00014 0.00011 O Bayes theorem KD _ {g 0}
l blue 0.00029 1.9¢-05 2.8e-05 0.0047 5.4e-05 1e-06 6.7e-05 p(KTlf(D)N p.({(D”?T)p(KT) Vg D — [kly kz] — [22:1]
o Themisclassification rate of the RF K, = {g,0},{g} or {0}

red 1e-06 5.4e-05 0.00012 0.00028 1e-06  0.012 0.0022

N
cee . Np: Number of detected colors
orange 0.00026 5.4e-05 000036 0.011 00039 0.0014 p(KD |KT) = 1_[ p(CD:j |CT»J' !\ N a dro let
S = Number of beads of color]
- 8 bead.collors Oroch Ny e 20 — et o A multinomial distribution with equal probability for each color
: |1_1axlglsllztejrsspace yellow 0.00011 0.00015 0.0077 0.0012 0.00041 0.00021 ZNT k 1 Z;V=T1 fj
: Ky) = 1 =
- Random forest (RF) with 5000 trees . p(Kr) = pun (Vkr) = 177, (k1) (NT)

dark purple 3.4e-05 0.00011 000094 7e-05 0.00011
* Implemented in Python using scikit-learn

purp|e 0.00012 3.6e-05 0.00088 0.00015 1e-06 1e-06  0.0026

p({g}) =p(919)**r(019)*'pun([23]) = 7.98-107> Most probable code

GitH“b s S ©® & & 3 &8 =8 22 1 ~76

s 5 ~ § ¢ 3 3 S5 p({o}) = p(glo)*“p(olo) pun([23]) = 1.82 - 10
glthub.com/appl|ed—fystems-b|oIogy/DropIet_segmentatlon E p({g,0}) = p(g|g)22P(0|0)1PMN([22,1]) ~139.10-6
Growth detection Cr - No microbial growth

« 4259 droplets manually validated

. 18 were wrongly decoded (<0.5%) Diminished microbial growth
Canny edge detection Antibiotic susceptibility testing - No effect on microbial growth
Sobel tilter Morpholqglcal CIOSIng Experimental | Control CAR CIP GEN KAN LIN NIS NLA RIF L=l
and opening condition Omg/ml | 10 mg/ml | 0.5mg/ml | 10 mg/ml | 10 mg/ml | 10 mg/ml 10 mg/ml 10 mg/ml | 0.5 mg/ml 10 mg/ml
droplets: _ _ q _ BETEESN N 0466 [NO090WN[NO078W 0592  0.661 0.526 0482  0.565
3000 droplets: Acc = 0.925, Rec = 0.788and Pre = 0.992 B CRITUNOSSSN 005 000 WEOOSMNOSSIN MGSHIN MOSSHMMOSON 0001

Future developments

Deep learning Angle resolved spectra

« Use Convolutional Neural Networks to learn growth at different time points « Dropletsinflowimaged using angle resolved scattering techniques [4]

« Tuned version of the EfficientNet-B4 was used [3]  Willuse traditional image analysis and Deep Learning technique to quantify small changes in spectra
 Trainedand evaluated on E. co/icalibration curves « Goalistodetectsingle cell division events for rapid antibiotic susceptibility testing (<1 h after lag phase)
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