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Supplementary Figure S4: mRNA half-life distributions and comparison with previously
reported estimates. (A) Estimated mRNA half-lives of constant scaling and non-scaling genes (in
hours), as defined in (10) using the point estimates of decay rate. (B-C) Comparison of half-lives of
constant genes with n = 2209 common genes in A549 cells as measured in the sci-fate study [52] and
with n = 1565 common genes in NIH-3T3 cells as measured in the scSLAM-seq study [49]. These
comparisons exclude half-lives that are larger than 100 hours (less than 2% of constant genes). The
orange dashed lines are identity lines. (D) Estimated mRNA half-lives of non-constant genes. To
compute the half-lives of varying decay rate genes, we use the average decay rate over the cell cycle.
(E-F) Comparison of half-lives of non-constant genes with n = 177 common genes in A549 cells as
measured in the sci-fate study and with n = 119 common genes in NIH-3T3 cells as measured in
the scSLAM-seq study. These comparisons exclude half-lives that are larger than 40 hours (1% of
non-constant genes). The orange dashed lines are identity lines.
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Supplementary Figure S5: Impact of additional particles and more complex models on
model selection. (A) 2-fold increase in the number of particles - simulations (M = 5 % 10°)
does not influence model selection and gene classification. (B) Including an additional model of
regulation (varying burst frequency & decay rate) increases uncertainty in selecting between non-
constant models.
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Supplementary Figure S6: Predictive capacity of the model and sufficiency of summary
(A-B) 3rd order central moments of expression are accurately predicted for pulse-
treated and chase-treated cells by the model using gene-specific MAP estimates. (C-D) Relative
contributions of biological and technical components to the 3rd central moment for pulse-treated
and chase-treated cells, computed using equation (40) in Supplementary Methods. The "mixed-

statistics.
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Supplementary Figure S7: Independence of summary statistics. For each gene, we boot-
strapped the data 100 times, we computed the summary statistics across all bootstraps and com-
puted correlations between all different pairs of summary statistics. Inspecting the distributions of
these correlations across genes, we find that the majority are centred around 0 or close to 0. Al-
though the small positive correlations can be a result of sample size bias, this result overall suggests
that our summary statistics are approximately independent.
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Supplementary Figure S8: Inference on synthetic data and model robustness. We used
Gillespie simulations with ground truth parameters that we sampled from posteriors inferred from
the real data to generate datasets of unlabelled and labelled mRNA counts with 2463 cells and 75
genes (Supplementary Methods 1.6). (A) Ground truth values of (i) burst frequency, (ii) burst size,
(iii) synthesis rate and (iv) decay rate, are predicted with high accuracy by MAP estimates of the
parameters, across all 5 model classes. We plot all parameters corresponding to genes that were
classified correctly to the ground truth model class. (B) The robustness in model selection was tested
in 4 different scenarios: (i) The full modelling set up (full model) recovers the ground truth model

MAP estimate burst frequency [N

limited parameter sampling (small number of prior samples), the majority of ground truth model
classes are recovered successfully, while for a fraction of genes there is significant uncertainty in
model selection. Burst frequency genes tend to be classified as constant scaling, which is reasonable
as the two models are a special case of each other and can yield similar dynamics. (iv) In the case
of narrow priors we observe higher uncertainty in model selection, and many genes are classified as
constant scaling, indicating that simpler models are favoured. These results suggest that using a
sufficiently wide prior support is essential for accurate model selection.

46


https://doi.org/10.1101/2023.10.24.563709
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.10.24.563709; this version posted June 18, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY 4.0 International license.

A 5 transcription and decay noise B bursty promoter noise C .. cell cycle variation
@ constant scaling genes 2
O constant non-scaling genes [
@ burst frequency genes 1r
1r @ burst size genes
O decay rate genes [
o 1/mean scaling
—_ Q — e 0F
& of S -2t &
5 o
g e 3
s T -af S -1t
g g g
6l 5|
ot
sl
3t
3 0 1 2 3 T3 0 -1 0 1 2 3
logio(mean) logio(mean) logio(mean)

Supplementary Figure S9: Absolute levels of biological noise sources. Absolute levels of
noise dependence on the mean across the different gene classes, for each noise component: (A)
transcription and decay noise, (B) bursty promoter noise and (C) cell cycle variation.
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Supplementary Figure S10: Dependence of noise decomposition on decay rate. We only
show decay rates of constant (scaling and non-scaling) genes. Decay rate is measured in h™'.
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Supplementary Figure S11: Dependence of noise decomposition on burst size and fre-
quency. Here we only plot kinetic rates associated to constant (scaling and non-scaling) genes.
Burst size and frequency are shown in log;, scale and decay rate is shown in linear scale. (A) Tran-
scription and decay noise increases with decay rate, while there is no direct dependence on burst
size. (B) Bursty promoter noise increases with burst size at the limit of high decay rate. There is
no clear dependence observed in the low decay rate regime. (C) Bursty promoter noise decreases
with burst size when burst frequency is fixed.
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Supplementary Figure S12: Mean expression profiles of cell cycle-dependent genes.
Heatmaps of mean expression z-scores of decay rate genes, burst size genes and burst frequency

genes. The ordering of the genes corresponds exactly to the ordering of kinetic rates in the heatmap
of Figure 5 (B).
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