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Supplementary Table S1

Characterization Results References
of cell
occupancy
Average cell per Counting Number of Applications Number of
droplet () method cells droplets
analyzed
0.1 High speed NI RNA-seq 30,000 1]
camera
0.1 High speed NI RNA-seq 4,480,800 2]
camera
0.1 NI NI ChIP-seq 96,000 (3]
0.75 Fluorescence NI Cell sorting 824 [4]
imaging
0.19; 0.54 NI NI High >50,000 5]
throughput
screening
0.3 NI NI High >1,000,000 [6]
throughput
screening
0.01-0.05 NI NT RT-PCR, 47,078 [7]
Taqman
0.3-0.5 NI NI Gene reporter 60,000 8]
assay
1 LIF 1000 Cell viability 10,000 9]
assay
0.1-0.5 High speed 350 Cell viability NI [10]
camera assay
0.31-2.5 High speed 120 Cell viability NI [11]
camera assay

Table S1. Recent single-cell analysis studies using droplet-based microfluidics. The number of cells which were
counted for the characterization of cell occupancy is highlighted in red. NI, not indicated. LIF, laser induced
fluorescence.



Supplementary Figure S1
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Figure S1. [llustration of signal processing. (a) Fluorescent signals of droplets and cells to be analyzed by the cell
counting process. This process is divided in 6 parts: the droplet domain is defined by applying a droplet threshold
(b); within each droplet defined in (b), the cell signal is isolated (c) and filtered by convoluting a triangle window
to withdraw noise (d). A first order differential of the filtered signal is applied to identify the local maximal values
(e); then by combining local maximal values identification and cell threshold as a criteria to define signal peaks
(f). The number of cells per droplet is then enumerated as signal peaks within the interval of each droplet (g).



Supplementary Figure S2

a)

b)

c)

Figure S2. Time sequence analysis with and without differential-based cell signal detection. a) Original
fluorescence signals. Blue line: cell threshold defined for signal analysis. n: count of cells per droplet. b) Cell
signal detection resulting from the differential-based procedure. Algorithm-extracted cell count per droplet is
consistent with the expected count (a)). c) Cell signal detection without the differential-based procedure. A
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discrepancy is observed between extracted and expected cell counts.



Supplementary Figure S3
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Figure S3. Poisson distribution analysis with and without differential-based cell signal detection. Cell density was
adjusted to 4.2x10® cells/mL such that Ape,=5 is expected. meants.d for n=2. Cell signal detection resulting from
the differential-based procedure resulted in A.,=4.08 (average of 731,518 cells counted out of 179,058 droplets).
Cell distribution fit : Ag=4.2 with R>=0.9. Cell signal detection without the differential-based procedure resulted
in hexp=3.06 (average of 548,128 cells counted out of 179,058 droplets). Cell distribution fit : Ag=3.2 with R>=0.84.



Supplementary Figure S4

clear all;
close all;
clc;

H—\-ggy,rggﬂ( }ambdael 0_16b'); %% Loading of the WAV file containing droplets’ and cells’ signal
gree

reﬂ-H(
drop_s:
cell_s=green;

f=1:10000;

plot(f,drop_s(f),'r',f,cell_s(f),'q'); %% Displaying a time sequence graph of droplets’ and cells' signal

droplet_threshold=0.002; %% Defining the threshold of droplets’ signal
droplet_number=0;

drop_width=0;

drop_min, wldth 100; %% Defining the minimal droplets’ width

for i=1:length(drop_s) %

if i+l<length(drop_s) %%

if drop_s(i)>droplet_threshold %%

drop_width=drop_width+1; %%

if drop_width>drop_min_width & drop_s(i+1)<droplet_threshold %%

droplet_number=droplet_number+1; %% Counting the number of droplets

end %%

else %

drop_width=0; %%

end %

end %

end %%
drop_width=0;

Cell_index=cell(droplet_number,1);
drop_width_mat=zeros(droplet_number,1);
droplet

E3 534

ength(drop_s)
i+l<length(drop_s) && droplet_index<droplet_number & i-drop_min_width-1>0 && i+drop_min, wmzh+1<1=ngth(¢rou_s)’o\
if drop_s(i)>droplet_threshold
drop_width=drop_width+1;
if drop_width>drop_min_width
if drop_s(i-drop_min_width-1)<droplet_threshold
droplet_index=droplet_index+1;

end
if droplet_index>0
Cell_index{droplet_index}=[Cell_index{droplet_index} il;
if drop_s(i+1)<droplet_threshold
drop_width_mat(droplet_index)=drop_width;
end

Mapping the droplet-passing time
points

end
end
else
drop_width=0;

PEEFLBIERL88558%5%82

if isempty(Cell_index{droplet_number})
Cell_index=Cell_index(1:end-1);
droplet_number=droplet_number-1;

%% If the last droplet signal is incomplete, it will be deleted
end

for i=1:droplet_number %
Cell_index{i}=[Cell_index{i}(1)-drop_min_width:Cell_index{i}(1) Cell_index{i}]; %% Concatenating the droplet-passing time points
end %% with minimal droplet width points

cell_threshold=0.002;

kernel=[1:100 sort(1:99, 'descend')];

cell_filter=cell(size(Cell_index));

cell_filter_diff=cell(size(Cell_index));

N_cell=zeros(droplet_number,1);

for i=l:droplet_number
cell_filter{i}=conv(c211_s(Cell_index{i}),kernel, 'same')/sum(kernel);
cell_filter_diff{i}=diff(cell_filter{i});
cell_filter_diff{i}=[cell_filter_ dxff{x}(l) cell_filter_diff{i}];
for j=1:length(Cell_. index{i})-1

if cell_filter_diff{i}(j)>@ && cell_filter_diff{i}(j+1)<@ && cell_s(Cell_index{i}(j))>cell_threshold
N_cell(i)=N_cell(i)+1;

Defining the the threshold of cell signal
Defining the triangular convolution filter

Convoluting of cell signal with a triangular filter
First-order derivative of filtered cell signal

Cell pic criteria: precedent
derivative point is positive,
successive point is negative
and cell signal is over the
cell signal threshold

end
end

Cell_distribution=zeros(3,6);
Cell_distribution(1,:)=0:
for i=1:length(N_cell)
switch N_cell(i)
case @
Cell _distribution(2,1)=Cell_distribution(2,1)+1;

Extracting cell distribution in droplets

cas
Cell _distribution(2,2)=Cell_distribution(2,2)+1;
case
Cell_dxstrmuuon(z 3)=Cell_distribution(2,3)+1;
case
Cell_distribution(2,4)=Cell_distribution(2,4)+1;
case 4
Cell_distribution(2,5)=Cell_distribution(2,5)+1;
otherwise
Cell_distribution(2,6)=Cell_distribution(2,6)+1;
end
end
Cell_distribution(3,:)=Cell_distribution(2,:)/sum(Cell_distribution(2,:));
bar(Cell_distribution(1,:),Cell_distribution(3,:));
Cell_distribution=transpose(Cell_distribution);

(2323223333333 333 3 123333 3 2222222

Figure S4. MATLAB script used for signal processing. Code comments are preceded by “%%”.
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Figure S5. Counting of HL60 cells. (a)-(c) From left to right: time sequences of red and green fluorescence
signals, histograms of the green fluorescence signal depicting negative and positive cell count events, and
cell distribution in droplets (mean=+s.d for n=3; Poisson fit is plotted as a straight line). (a) Cell density was
adjusted to 2x10° cells/mL such that expected theoretical cell to droplet ratio (Mheo) iS Aheo=0.1 (given that
droplet’s volume is 500 pL). In average 18,355+5,112 cells were counted out of 173,403+47,696 droplets
resulting an experimental cell to droplet ratio (Rexp) Aexp=0.1£0.03. Cell distribution fitted kﬁt=0.li(7.4x10'4)
with R?=0.99. (b) Cell density was adjusted to 10° cells/mL such that Apne,=0.5 is expected. In average
83,916+7,888 cells were counted out of 157,478+38,753 droplets resulting in Aep=0.53+0.05. Cell
distribution fitted Az=0.56+0.01 with R?=0.99. (c) Cell density was adjusted to 2x10° cells/mL such that
Ahheo=1 is expected. In average 167,248+19,111 cells were counted out of 188,499+63,428 droplets resulting
in Aeyxp=0.89£0.1. Cell distribution fitted 15=0.96+0.01 with R?=0.98.
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Figure S6. Counting of H1975 cells. (a)-(c) From left to right: time sequences of red and green fluorescence
signals, histograms of the green fluorescence signal depicting negative and positive cell count events, and
cell distribution in droplets (mean=s.d for n=3; Poisson fit is plotted as a straight line). (a) Cell density was
adjusted to 2x10° cells/mL such that expected theoretical cell to droplet ratio (Apeo) iS Ameo=0.1 (given that
droplet’s volume is 500 pL). In average 9,779+2,925 cells were counted out of 101,203+11,583 droplets
resulting an experimental cell to droplet ratio (Aexp) Aexp=0.1£0.03. Cell distribution fitted A=0.1£0.006 with
R?*=0.99. (b) Cell density was adjusted to 10° cells/mL such that Ape,=0.5 is expected. In average
48,513£10,036 cells were counted out of 113,308+3,720 droplets resulting in Aexy=0.43£0.09. Cell
distribution fitted Ag=0.44+0.006 with R>=0.99. (c) Cell density was adjusted to 2x10° cells/mL such that
Ameo=1 is expected. In average 120,849+50,055 cells were counted out of 114,431+£3361 droplets resulting in
hexp=1.06£0.44. Cell distribution fitted Ap=1£0.02 with R?=0.99.
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a) b) c)

Figure S7. Microfluidic chips designs. a) Mammalian cells’ encapsulator (channel’s depth=70 um); b) Bacteria
cells’ encapsulator (channel’s depth=25 um); ¢) Picoinjector for cell staining (channel’s depth=70 pm).
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Figure S8. Optical set-up. Two lasers (L1, L2) focused in the microfluidic channels allow the excitation of
droplets and cells fluorophores. Emission is measured simultaneously on two photomultiplier tubes (PMT) in the
green and orange windows of the light spectrum. Two cylindrical lenses (CL1, CL2) allow to transform the laser
spot in laser line configuration enabling the excitation of cells independently of their position in the droplets.

L1, L2: lasers (Cobolt 06-MLD 488nm, Cobolt 06-DPL 532nm; Cobolt). CL1, CL2: cylindrical lenses (CL1:
LJ1878L2-A, CL2: LI1653L1-A; Thorlabs). D1, D2, D3, D4: dichroic bimsplitters (D1: Di01-R488-25x36, D2:
Di01-R405/488/532/635-25x36x5.0, D3:FF562-Di03-25x36, D4: FF605-Di02; Semrock). F1, F2: bandpass
filters (F1: FF01-524/24-25, F2: FF01-575/25-25; Semrock). NF: notch filter (NFO1-405/488/532/635 25x5.0,
Semrock). M: mirrors (BB1-E02, Thorlabs). H: diaphragm (SM1D12D).



Supplementary Figure S9

Figure S9. Bright field image of the laser line excitation area. A full droplet fluorescence scan is performed as
laser line is larger than the channel width. Scale ber: 100um.



Supplementary Video S1

Video S1. Encapsulation of human H1975 cells at 2x10s cellYmL density in ~500 pL droplets. Video is slowed down
170 times.

Supplementary Video S2

Video S2. Injection of the viability assay in droplets. Video is slowed down 114 times.
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