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Executive Summary

This project introduces a novel approach to digital assays by simplifying
droplet generation and analysis by using polydisperse droplets and
advanced statistical modeling, eliminating the need for complex and
costly microfluidic systems traditionally used in digital droplet assays.

GH+Labs © 2021, GH Labs



Comparing bulk and digital droplet assay detection methods

Traditional (analog) + Advantages

— Quantification without a
standard curve

* (or thresholding without
calibration)

Time — — Accurate quantitation when

amplification efficiency is low
— Improved precision
Simoa (digital) — Improved sensitivity

I I l . — Robustness to presence

of inhibitors
GH+Labs




Improved Statistics Allow Simpler Droplet Generation and Analysis Systems

+ Monodisperse Droplets + Simoa, $200k
« EXxpensive chips and equipment _
* Requires trained user

« Limited sample processing (0.1 mL) P

+ Polydisperse Droplets

* Requires no specialized equipment
» Requires no specialized training
» Potential for large volume sample

I processing (uL — mL)
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i. Dolomite: http://www.dolomite-microfluidics.com/

GH-+Labs

ii. SlipChip: Du W, et al. SlipChip. Lab Chip. 2009;(16) jii. Fluidigim: New Products. Science (80- ). 2009;324(5924):280
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http://www.dolomite-microfluidics.com/
http://www.dolomite-microfluidics.com/
http://www.dolomite-microfluidics.com/

BioRad digital droplet PCR (ddPCR)

Individual Units Necessary

Make Droplets
Perform PCR

Pipet emuisified samples from the cartridg
1 a 96-well PCR plate. Seal the plate wit
the PX1™ PCR piate sealer. Perform PCR
and point (40 cycles) using a themmal cycl

Analyze Results
GdPCR softwane reads the positive and negative

Droplet Maker Thermal Cycler Biorad ddPCR Reader
$50,000 $10,000 $100,000

GH+Labs ©2021 GH Labs



Existing Digital Droplet Assays use Monodisperse Droplets

+|n monodisperse systems, a target has an equal chance
of being in any given droplet
— Quantitation is easy, you just count!
— (with a Poisson correction...)

+ Tradeoff is that microfluidic systems are typically
required to get monodisperse droplets

— Microfluidics are relatively expensive and high
maintenance

* Precise, and they clog
— You inevitably lose dynamic range
* Limited total addressable volume
* Droplet rejection rates as high as 50% are common

:
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Polydispersed droplets (polydroplets): Leapfrogging monodisperse droplet
complexities with statistics

+In polydisperse systems, a target has a higher % W
chance of being in a larger droplet compared to a

smaller one P(1)=P(2)=P(n) P(1)>P(3)> P(4)
— Range of droplet sizes = range of probabilities PR MY
— Need to develop a new statistical approach to H/Q
account for polydispersity S TP
+ Goal: determine sample (bulk) concentration of a Ef‘}i‘;c::%‘jp
target from a digital assay result S

+ Need to correct for under-counting from droplets
with multiple targets

— bulk concentration, 4 = what we want to calculate
— a positive droplets out of m droplets = data we have @ = target

— droplet volumes: v 1,v 2, ...,.v m Green = positive
Blue = negative

GH+Labs 8




Reducing droplet preparation complexity by removing the need for
monodispersity and developing new statistical corrections

+ A randomly chosen droplet of volume v; (from m total droplets):
— Probability of volume v;: %; probability of having target: 1 — e V14

— Probability of volume volume v,,,: %; probability of having target: 1 — e~vm#

+ Take all the individual droplet probabilities , 1 — e~?i4, and sum them to get the
overall probability of positive droplets
- Pon()l) — ?;1%(1 - e_vil) =1 _%(Zﬁ1 e_vil)

+ Solve numerically for A, concentration, using common method of maximum
likelihood approximation

_ %(Z?Le_vi’l)_l"'%: 0 - know m,v;,a, and n

Patent application filed and published
GH+Labs



Partitioning statistics to determine target and reagent encapsulation
in droplets

+ Mathematics of a droplet system are dependent on multiple distributions that can be measured:
droplet size, target, reagents

+ Goal: correct for under-counting of droplets with

Monodisperse Droplets Polydisperse Droplets !
multiple targets
— want to calculate - A (bulk concentration)

w H g — data we have:

= P(n) P(1) > P(3)>P(4 « a > # of pos droplets

 m -» total # droplets
* * ” * vy ... v, =2 droplet volumes
+ Poisson statistics to solve numerically for A using

droplet volume distribution, f(v)

— Mono: sum over 1 — e~Vm% using total # droplets

— Poly: sum over individual probabilities 1 — e~Vi* for
each droplet volume (v)): Zﬁl% (1—e7i%)

ey — f(v) does not need to be measured every time,
pre-measured values can be used

ftv)

Probability De
a0 80
N
Probability Density
2 0.00:

400 600
Dreplet Volume (pL)

. = target or Barcode Particle

GH+Labs Green =positive Blue =negative o0



We have developed and demonstrated multiple detection modes in
polydisperse digital assays

analyficlicwy

Simple Polydisperse Droplet Emulsion Polymerase Chain Reaction
with Statistical Volumetric Correction Compared with Microfluidic
Droplet Digital Polymerase Chain Reaction

Sunantha A, Bymes® Tim C. Chang, Toan Huyab, Anna Astashking, Berhard H. Weig),
u u u and Kevin P. Nichols*
Y I VenesLibrstor, 14360 Sshes Esgate Way, B, Washinn 98087, Unsd St
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Wash-Free, Digital Inmunoassay in Polydisperse Droplets
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* One pot digital immunoassays
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mistry ...

% We have demonstrated quantification of PCR in droplets

+ Droplet NAATs enable quantification without a standard curve
— Published manuscript in Analytical Chemistry

+ Demonstrated results for ddPCR, RT-ddPCR, and multiplexed ddPCR
consistent with a gold-standard commercial

doi: 10.1021/acs.analchem.8b01988
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Vortexing (Droplet Generation) Thermocycling Microscopy
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http://dx.doi.org/10.1021/acs.analchem.8b01988

% We have demonstrated quantification of PCR in droplets

PCR

LOD = 0.6 c/uL (95% CI: 0.53 — 0.67) LOD = 2.4 c/uL (95% CI: 1.9 - 3.0)
A. Polydisperse Method B. BioRad Method
10 ] — Lc:0a21 300 { — Lc: 1.01 i
—— Ld: 0.502 — Ld: 4.57 :
4 —— LoD: 0.62 o 20| LoD: 24 |
100 A :
; 1 =
| - 200 -
g " 8 i
E 60 3 150 :
a o i
g 40 - g 100 - -
2 5 |
8 20 4 8 -t By :

0 - ! O-HE'E:——.-__E__.E_T

'”0.1 - 1'0 - 160 - 166.0 ) 0:1 1:0 10',0 106_0
Input Copies per pL Input Copies per pL

doi: 10.1021/acs.analchem.8b01988
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http://dx.doi.org/10.1021/acs.analchem.8b01988

% We have demonstrated quantification of PCR in droplets

PCR

LOD = 0.6 c/uL (95% CI: 0.53 — 0.67)
A. Polydisperse Method

120 4 |— Lc: 0.121 1000 - T
— Ld: 0.502 w
LoD: 0.62 B Polydisperse, LoD=0.62 (N=3)
g_ 100 - o T 100 - B BioRad Monodisperse, LoD=2.4 (N=4) .:
— =, B Polydisperse Zero (N=3) R
g_ . O BioRad Monodisperse Zero (N= 8} .
wv 80 @ M 1-to-1 Line L’
£ S -
(7] © 10 ,
a L ¥
O 601 S e’
ﬂ O ’
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2 401 = ¢
x D o
3 S -
A (204 =2 0.1 :
20 0 — l
0 o e
T L v — T 1 r " .2 Lan | L - v ™ - U‘D‘I 7 "
0.1 1.0 10.0 100.0 I ' f J T T
Input Copies rul 0.01 0.1 1 10 100 1000
alssiadl ol Input DNA (c/uL)

doi: 10.1021/acs.analchem.8b01988
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http://dx.doi.org/10.1021/acs.analchem.8b01988

We have demonstrated rapid cell culture in droplets

centimeter scale flask picoliter scale droplets
4 \( micron scale water )
_ in oil droplets
)ba%tenu\m (;oi.' 31 0.1 039/c8an0002§h
v -
generation of bacterial generation of bacterial
products in bulk solution: products in droplets:
\diffusion reduces conc. y \concentration is kept high )

GH-+Labs 15


http://dx.doi.org/10.1039/c8an00029h
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+ We have demonstrated rapid cell culture in droplets

o.
&

0%

+ Proof-of-concept detection and quantification of E. coli

doi- 10.1039/c8an00029h

+ Demonstrated improved time-to-detection and LoD in droplets compared to

standard bulk methods

10° starting cfu/imaging volume

100 T 6000

a6 1 5000

4000
60 T

3000
a0 +

¥}
8
o
RFU (plate reader)

# positive droplets

20 T

8
o

0

o

0 2 4 6 8
incubation time (hours)
GH+La bs —@— polydisperse =@ monodisperse =@ bulk
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http://dx.doi.org/10.1039/c8an00029h

Y We have demonstrated one-pot digital immunoassays

+ Two primary drivers of immunoassay complexity
— Multiple user steps (washing, reagent addition)
— Equipment

+ Goal: build single-pot digital immunoassay

— Principles of proximity-based assays
— ProQuantum (ThermoFisher)

doi: 10.1021/acs.analchem.9b02526

In Bulk B In Droplet
#
U g
\ g
\r' f. #* b
Ab-Antigen Binding Oligo Ligation

Positive Droplet Negative Droplet

/J

Antibody-oligo 2 .Antigen * Ligase wmmm |igation meeesese—————— Amplification

}kAntibody—oligo 1
A Oligo Target

GH+Labs 17


https://doi.org/10.1021/acs.analchem.9b02526

Wash-Free, Digital lnmunoassay in Polydisperse Droplets

Sammthn A Byroes, Tous Hinsh e CutinE. Asdenes, T I M

=

We have demonstrated one-pot digital immunoassays

ddIA in Buffer ddIA in Diluted Whole Blood

™
>

LOD: 6.61 pg/mL ” LOD: 12.8 pg/mL 8
1 [0.793 pM] o | [1.54 pM]
(2.38x106 antigens) (4.61x10° antigens) o

doi: 10.1021/acs.analchem.9b02526

number of positive droplets
number of positive droplets

(IL-8] (pg/mL)

-
{ + ) Positive Droplet
e .

0 pg/mL =0 pM 0pglmL='0niVI . e

'8 pg/mL=7.2 pM

GH-+Labs 18


https://doi.org/10.1021/acs.analchem.9b02526

We are on a path to a low-cost digital assay reader

+ Recording volume: 100 yL £ 10 pL

— Droplets were collected at the end of each sample recording and the volume was
measured by pipets

— The droplet count from both microscopy and biorad reader are converted to 100 pL
for the comparison

100000
VL ddPCR Reader

5 10000 ——Microscopy
§ 1000 | -——BioRad ddPCR Reader
g
Z(*Z 100
al
H* 10

1

NTC 1071 1072 1073 1074

GH+Labs Input DNA (copies)
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Simple polydroplet digital assay reader as development platform

+ No need to resolve individual droplets (Biorad required <2% CV)
+ High sample volume capability 1 mL/min read rate
+ Low-cost optics and sensors

488 nm laser: 60mW &-channel bE‘I'IEhtIDI'J system
‘ Spatial filter system

objective Reflecting
Dichroic

PMMA fluidic chip
200 pymx 100 pm

1 mm pinhole

Collection

GH-+Labs
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GHL Droplet Assays: multiplexed reactions using barcode particles

+ Barcode particles enable multiplexed, simultaneous, independent, unique
ofluidics and minimal user steps

— Barcode Particle: controlled-release particle
containing reagents unique to a reaction
‘%ﬁ{ @ “Barcode” for ID

(does not participate in rxn)

Reaction-specific reagent

s | Primer Primer
Set 1 Set 2

Chen, Ren. RSC \ Stimuli-responsive material
Advances, 2017.
(control WHEN reagent

@%\\ delivery happens)
ﬁ
& Barcode Particle #2

Patent application filed

Barcode

ﬁ.
Particles

GH+Labs
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Example of barcode in practice

+ Run amplification use two(+) colors to identify positives and which primers were present
— Positive Amplification: EvaGreen or sequence-specific probe
— ldentify which reagents were present: use barcode color

— Barcode T3 Release Amplification

9] Particles

0@ O/ @/
v/ Yellow =Set1  Green = Pos Amp

Purple = Set 2

\

+ Example: Red barcode particle + FAM probe

< Release Reagents Identify Amplification
Q Real Images  |uiias .
ﬁ —
900 Y. 3
00
L Lol

Patent application filed
GH+Labs
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Barcode particles for expanding multiplexing capabilities for digital
applications
+ Barcode particles can also be used to link primer + We've demonstrated a 4-plex ddPCR, but we're nearing

sets in the same reaction the limitations of traditional and readlly avallable

— Ex: Identify antibiotic resistance assay by fluorescent-probes e [
detecting multiple targets on a single piece of = [\
DNA (or within a single cell) + Demonstrated an 8-plex ddPCR with two barcode

Barcode Particle Barcode Particle 1  Barcode Particle 2

S. aureus Antibiotic resistant S. aureus pa rthleS
S. aureus-slecific DNA S. aureus-specTiﬁc DNA AI\tibiotic resistant DNA marker - BP1 QdOt 630 + meCA-CyS
Qdot630 FAM — S. aureus CyS— resistance — BP2: QdOt 570 + Iyl‘A-Cy5
Double Primer Set ..:':.".. . -.:__°_ T.?-',"('.:

mecA only posmves lytA only positives

Qdot630§

S. aureus (NOT resistant)

Double
Cy> Qdot
S. aureus (IS resistant)
23
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Project Status

+ Qutcomes
— Multiple peer-reviewed publications
— Multiple patents filed and dedicated to public domain
— Open-source tools and technical documentation available on GitHub

+ Next Steps

— Further development of low-cost reader hardware needed to enable scaling this
technology in low-resource settings

— Further expansion of assay applications to support adoption of this technology

GH+Labs
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+ Droplet Analysis Software

GitHub.com/Global-Health-Labs/DropletID python
GitHub.com/Global-Health-Labs/DropletID matlab
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