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Abstract

Single-molecule RNA fluorescence in situ hybridization (smFISH) provides unpar-
alleled resolution in the measurement of the abundance and localization of nascent and
mature RNA transcripts in fixed, single cells. We developed a computational pipeline
(BayFish) to infer kinetic parameters of gene expression from smFISH data at multiple
time points after gene induction. Given an underlying model of gene expression, Bay-
Fish uses a Monte Carlo method to estimate the Bayesian posterior probability of the
model parameters and quantify the parameter uncertainty given the observed smFISH
data. We tested BayFish on synthetic data and smFISH measurements of the neuronal
activity inducible gene Npas4 in primary neurons.
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Figure S1: Bayesian posterior distributions for different parameter-stimulus mod-
els run on Npas4 smFISH data. Each row displays the marginal posterior distributions of
three BayFish runs initialized with different parameters for the different parameter-stimulus
models indicated to the left. Each column plots the marginal posterior distribution of the
same model parameter(s). For those parameters that are sensitive to stimulus, we plot the
uninduced posterior distributions as solid lines and the post-stimulus posterior distributions
as dotted lines.
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Figure S2: Estimate of Npas4 nascent mRNAs and transcription rate in active
TS. We measured the integrated intensity of each active TS at 25 minutes after induction
using FISH-quant [1]. The integrated intensity was converted into nascent mRNAs and
transcription rate (µ1) using the formulas described in [2]. We used a Npas4 probe coverage
weight factor of W = 0.571 and a polymerase elongation rate of 1200-1800 bp per minute [3].
Shaded area corresponds to transcription rates beyond the maximum limit.
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Figure S3: The distribution of active TSs suggests that Npas4 alleles are mostly
independent. The colored bars are the measured fraction of cells with zero, one or two
active TSs before stimulus (t = 0 minutes; n = 137 cells) and after stimulus (t = 25 minutes
after induction; n = 66 cells). These timepoints are closest to a time-independent, stationary
distribution where the fraction of active TS is expected to follow a binomial distribution.
The boxplots show the expected fraction of cells with zero, one or two active TSs given
the Bayesian posterior distribution of k1,k0 before and after the stimulus (Figure 6). The
central line indicates the median, the bottom and top edges of the box are the 25th and 75th
percentiles; whiskers extend to the most extreme data points not considered outliers, and
outliers are plotted as circles.
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