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Supplementary Text
Statistical analysis
Mixtures of wild-type (wt) and mutant (m) KRAS genes were compartmentalized in droplets. The ratio of
mutant to wild-type KRAS genes was varied experimentally over 5 decades while the ratio of wild-type
KRAS genes droplets over the total number of droplets was kept constant (0.08). Four types of droplets were
then generated: red-fluorescent droplets containing wild-type KRAS genes, green-fluorescent droplets
containing mutant KRAS genes, non-fluorescent droplets containing no KRAS genes and yellow droplets
containing both wild-type and mutant genes as a result of the combination of green and red fluorescence. It
has been shown that the encapsulation of single gene in droplets is described by a Poisson distribution.1 The
probability to encapsulate k genes in one droplet depends on the average number of genes per droplet λ as:

pk =

λk e −λ

(S1)

k!

The encapsulation of km mutant genes and kwt wild-type genes in a single droplet is given by the product of
the Poisson distribution of the two independent random variable km and kwt (see also2 for an analogous
example).
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pkm ,kwt =

λkm e − λ
m

km!

m

×

λkwt e − λ
wt

wt

(S2)

k wt !

The statistics of encapsulation are presented in Supplementary Table S1 for clarity for three different cases
(λwt= 0.8 (a); 0.08 (b) and 0.008 (c)). Analytically, the occurrence of the droplet color (green, red, yellow and
black) can be derived from the Poisson distribution:

Ng

= e −λwt (1 − e −λm )

N

− λ wt
Nr
= e −λm (1 − e )
N

Ny
N

= (1 − e −λwt )(1 − e −λm )

Nb
= e −( λm +λwt )
N
Where Ng, Nr, Ny and Nb are respectively the number of green, red, yellow and black (empty) droplets. N is
the total number of droplets. It is clear that for high λwt (see Supplementary Table S1a) the number of yellow
droplets have to be evaluated in order to count all the mutant and wild-type genes (see eq. 4 in the main text).
When a very low λwt is used (λwt=0.008), the yellow droplets appear insignificant in the statistics
(Supplementary Table S1c). However in this case, the experiment requires the analysis of a majority of
empty droplets, which reduces the throughput of the test. Finally for intermediate values (λwt = 0.08, Table
1b), the yellow droplets represent less than 10% of the mutant droplet and have a minor impact on the
analysis. In the following, we will focus on the three droplet types: empty, red and green.
Confidence intervals for the dilutions
When a sub-population of N droplets was analyzed we obtained Nr red droplets (wild-type) and Ng
green droplets (mutant). The rest (N – Nr – Ng) were droplets that did not contain target DNA. From these
measurements the ratio F = Ng / Nr was determined and compared to the theoretical value, namely from the
dilution of mutant into wild-type genes, F* = Nm / Nwt. Statistically, the value F differs from F*. In the
following we discuss the confidence intervals for the determination of the ratio F* based on the fraction F
obtained by droplet counting.
Since we randomly pick N droplets, the problem is equivalent to basic opinion polls. The
determination of the fraction of red-fluorescent (wild-type) droplets (pwt) within the 95% confidence interval
is:

pwt =

Nr
Nr 1 − Nr / N
± 1.96
N
N
N

(S3)

Alternatively, the fraction of green-fluorescent (mutant) droplets (pm) within the 95% confidence interval is:
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pm =

Ng
N

± 1.96

Ng 1− Ng / N
N

(S4)

N

The 95% confidence interval for the ratio F = pm/pwt is in the general case complicated to determine.3 This
can be understood qualitatively: if the value 0 is in the confidence interval of the pwt, the confidence interval
will diverge to infinity. However, in our case, 0 is not in the confidence interval and with the assumption that
the standard error for pwt is smaller than pwt (which is the case for large values of N and pwt ~ 0.1) then the
confidence interval for the ratio can be expressed from the standard errors of pwt and pm.3 This leads to Eq. S5
(See Supplementary Figure S2):

F=


pm
1 − Nr / N 1 − N g / N
= F * 1 ± 1.96
+

pwt
N
Ng
r







(S5)

In the case where the number of green (mutant) droplets is much smaller than both the number of red (wildtype) droplets and the total number of droplets, the 95% confidence interval is mainly determined by the
smallest population and is in good approximation simply:

F = F * (1 ±

1.96
)
Ng

(S6)
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SUPPLEMENTARY TABLES

Supplementary Table S1 Probabilities of occurrence of the different cases in the encapsulation of
mutant and wild-type genes for different values of λwt and a constant ratio λm / λwt. The background
color shows the resulting fluorescence of the droplets. Droplets containing no gene appear black, wildtype gene red and mutant gene green. When one or more mutant genes are coencapsulated with one or
more wild-type genes the droplet appears yellow. See Supplementary Eq. S2 for the details of the
calculations. From a) to c) the occupancy is decreasing resulting in a decrease of the occurrence of
yellow droplets.
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SUPPLEMENTARY FIGURE LEGENDS
Supplementary Figure S1: Microfluidic devices. (a) The device for producing seven different types of
droplets, used for producing the probe emulsion for the parallel multiple mutation analysis. (b) The device
used for passive droplet fusion.4 (c) The device used for reinjection and on-chip droplet fluorescence
analysis. (d) The device used for producing droplets on-chip, for sensitivity and MASI experiments.
Supplementary Figure S2. 95% confidence intervals determined from the measurement of N droplets.
N = 103, 105 and 107 (Nwt / N = 0.1 for all cases). For a given ratio of mutant to wild-type genes, F*, the ratio
of the number of green droplets over the number of red droplet is equal to F* if an infinite number of
droplets is analyzed (dashed lines). The 95% confidence interval (orange region) is a function of the number
of droplets N analyzed (Eq. S6). As expected, the accuracy of the measurement of the dilution increases with
the number of droplets analyzed.
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SUPPLEMENTARY FIGURES

Supplementary Figure S1.
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Supplementary Figure S2.
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