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Supplementary Note 1: Computing activity to mutational signatures

We apply topic modeling? to infer signature activities. Within the time point, we separate mutation into
K mutation types. Mutation types relate to vocabulary in topic modeling. The types used in TrackSig are
described in the Results section. Then we use mixture of discrete distributions to infer signature activities.
We describe this model below.

We represent each mutation as a K-dimensional binary vector – "one-hot-encoding" of a mutation type.
"One-hot-encoding" of a mutation of type k is a binary vector where k-th component is equal to 1, and other
components are zeros. We will denote x(n) to be the "one-hot-encoding of mutation n. A sample containing
N mutations is represented as a N×K binary matrix X, where each column corresponds one mutation.

x(n) =



0
0
...
1
...
0

 ; x(n)k =

{
1, mutation n belongs to type k
0, otherwise

(1)

A mutation process is represented as a distribution over mutation types, known as a mutation signature.
We will denote signature multinomials as K-dimensional probability vectors si, where i = {1..M} is an index
over signatures. Signatures are fixed and are not updated during the training.

We aim to estimate signature activities m – the proportion of mutations generated by each signature.

We will use the following notation:
K – number of mutation types
M – number of signatures
N – number of mutations
x(n) – K-dimensional binary vector of mutation n
x(n)k – k-th component of vector x(n)
si – i-th signature (K-dimensional vector)
sik – k-th component of vector si

m – signature activities (mixture coefficients, M-dimensional vector)
mi – i-th component of m (signature activity of signature i)
zn – signature assignment for mutation n

We represent mutation matrix X as a mixture of signature multinomials s1, ..sK with mixture coefficients m:

X∼Multinomial(N;
M

∑
i=1

mi si) (2)

We denote zn to be the signature assignment of mutation n. The probabilities of mutation n to be assigned
to i-th signature are equal to the mixing coefficients:

p(zn = i|m) = mi; i ∈ {1..M} (3)

The probability of a mutation n to be generated by signature i is given by:

p(x(n)|zn = i,m,s1, ..sK) =
K

∏
k=1

sx(n)k
ik ; i ∈ {1..M}; n ∈ {1..N} (4)

Then log likelihood of the collection of mutations in a sample:
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logL(X|m,s1, ..sK) =
N

∑
n=1

log p(x(n)|m,s1, ..sK) =

N

∑
n=1

log
M

∑
i=1

p(x(n)|zn = i,m,s1, ..sK)p(zn = i|m)

(5)

To estimate the activities, we fit mixing coefficients m in each bin using Expectation-Maximization (EM)
algorithm?. The EM algorithm iterates between updating a posterior distribution over zn and updating an
estimate of the mixing coefficients m

We start with initializing EM algorithm with uniform mixing coefficients:

π
(0)
i =

1
M

; i ∈ {1..M} (6)

Then, we repeat the following E-step and M-step until the algorithm converges.
In E-step, at the t-th iteration, the posterior probabilities of mutation assignments to signatures are

estimated as such:

p(zn = i|x(n),m(t−1),s1, ..sK) = π
(t−1)
i

K

∏
k=1

sx(n)k
ik ; i ∈ {1..M}; n ∈ {1..N} (7)

In M-step we update the estimates of the mixing coefficients:

π
(t)
i =

1
N

N

∑
n=1

p(zi|x(n),m(t−1),s1, ..sK); i ∈ {1..M} (8)

The algorithm has converged when the value of π is updated by less than 0.001 between iterations.
The resulting mixture coefficients as the activities of the mutational signatures. We show the activities as
percentage for the convenience of interpretation.

Supplementary Note 2: Pruned Exact Linear Time (PELT) Algorithm

We adapt Pruned Linear Exact Time (PELT)? algorithm to detect change points in activity trajectories given
cost function (likelihood) and BIC penalty. PELT is based on dynamic programming and uses heuristics to
prune the set potential changepoints, thus reducing the computational time.

In this section, we will use the following notation:
T – number of time points
P – number of changepoints
M – number of signatures

Locating change points
As described in the Methods section, we separate mutations into bins 100 mutations, each of which represents
one time point. Our input is the set of mutation counts across 96 types for each time point: y1:T = (y1, . . . ,yT ).
We aim to find P changepoints, or in other words, P+1 segments. We denote τ1:P = (τ1, . . . ,τP) to be the
boundaries for our segments, meaning each segment will contain the data points yτi−1 ..yτi .

Given a set of changepoints we can compute the likelihood of the data the following way. We fit mutational
signatures within each segment (treating all mutations within each segment as one bin) and compute the
likelihood L̂(yτi−1 ..yτi) as described in Supplementary Note 1. The total likelihood is the sum of likelihoods
in each segment:

L̂ =
P+1

∑
i=1

L(y(τi−1+1):τi)
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We aim to minimize the Bayesian Information Criterion (BIC):

BIC =−2ln L̂+ k · ln(T )

where k is the number of parameters in our model and T is the number of time points. In our case
k = (P+1) · (M−1) as we fit (M−1) signature activities in (P+1) segments (recall that signature activities
sum to 1).

We adapt PELT objective to minimize the BIC criterion. PELT aims to minimize sum of cost functions at
each time point, while using a penalty β for each placed changepoint

minimize
P+1

∑
i=1

C(y(τi−1+1):τi)+β (P+1)

Intuitively, we are trying to select changepoints which result in the lowest cost (or highest likelihood) while
reducing the penalty associated with adding changepoints. We set the parameters as follows to make the
PELT equivalent to BIC:

C =−2L̂; β = (M−1) ln(T )

TrackSig-PELT algorithm finds the changepoints as follows. The algorithm starts with finding a partial
solution in a subset of the timeline and then increases the search space until changepoints are located over the
whole timeline. The algorithm keeps track of the time points Rτ∗ that satisfy the pruning condition and which
will be considered as potential changepoints at further iterations. At each iteration τ∗, the algorithm considers
adding a new changepoint out of the set of available time points Rτ∗. To score a potential new changepoint,
the algorithm refits the activities in bins formed by a potential changepoint. It finds a time point τ ′ with
the smallest likelihood and adds it to the list of changepoints cp. Then the list of available time points Rτ∗
is updated: the potential changepoints are removed from further consideration if the increase in likelihood
associated with this changepoint does not exceed the complexity penalty β .

Pruning
PELT provides an improvement in runtime by pruning certain changepoints from consideration. We prune
time point t if for all t < s < T :

C(y(t+1):s)+C(y(s+1):T )+β ≤C(y(t+1):T ) (9)

The cost of placing the last changepoint prior to T at t will always be higher than cost of placing the last
changepoint prior to T at s. Given this result, we can eliminate t as a potential changepoint for all iterations
of the dynamic programming algorithm as it will never be optimal going forwards.

Algorithm 1 TrackSig PELT Method?

Input: Mutation counts at each time step (y1,y2, ..yT )
1: Initialize: Set β = (M−1) ln(T ); F(0) = 0; cp = {}; R1 = {0}
2: for τ∗ = 1, ...,T do
3: Calculate F(τ∗) = minτ∈Rτ∗ [F(τ)+C(y(τ+1):τ∗)+β ], where C(y(τ+1):τ∗) =−2L̂(y(τ+1):τ∗)
4: Let τ ′ = argminτ∈Rτ∗ [F(τ)+C(y(τ+1):τ∗)+β ]
5: Append τ ′ to cp
6: Set Rτ∗+1 = {τ ∈ Rτ∗ ∪{τ∗} : F(τ)+C(yτ+1:τ∗)+β ≤ F(τ∗)}
7: end for
8: return cp – a set of changepoints
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Supplementary Note 3: Clonal evolution simulations
Choice of signatures We generate the simulations with four active signatures: S1, S5 and two randomly-
sampled signatures, which we will call A1, A2. Two other signatures A1, A2 are sampled from uniformly
from the set of PCAWG (excluding signatures S1, S5, S7 and "artifact signatures" S40-S60). We decided to
exclude signature S7 (sum of signatures S7a, S7b, S7c, S7d) as it had a distribution similar to uniform and
was easily confused with other signatures both by TrackSig and DeconstructSigs. We include signatures S1
and S5 in all simulations as they are present in all real samples in PCAWG.

We sample activities separately for each cluster. We sample the activity of S1 from [0.03, 0.1] interval,
S5 from [0.05, 0.15] interval, A1 from [0.4, 0.7] interval. The remaining activity is assigned to signature A2
(all signature activities have to sum to 1).

Sampling mutation types To sample mutation types from a signature, we treat it as a multinomial
distribution and sample from it. The number of mutations sampled from each signature is equal to the activity
of this signature multiplied by the total number of mutations.

Sampling number of ref and alt alleles Here we describe sampling number of ref and alt alleles for each
mutation of the cluster, given the cluster CCF, number of mutation in the cluster and desired mean mutation
depth. We tested mean mutation depths of 10, 30 and 100.

For each mutation, we sample read depth d from Poisson distribution with specified mean depth. Then
we compute the probability of alt allele as p = ccf∗ mutantCN

totalCN , where ccf is CCF of the current cluster. Finally,
we sample number of alt alleles a from a Binomial(d, p) and set the number of ref alleles to be the difference
between depth and alt alleles.

In simulations with one and two clusters we use normal copy number of 2, mutant copy number of 1 and
purity 1. Each simulation has 5000 mutations in total. We generate 100 simulations of each of five simulation
types (one-cluster, two-cluster, branching, cna gain and infinite site assumption) and for each read depth that
we tested.

Basic simulations
First, we create simple one- and two-cluster simulations.

One-cluster simulations We create one cluster with the average cluster CCF=1. Number of ref and
alt alleles for each mutation is sampled as described in the previous section. We sample activity of the
first active signature A1 from the interval Uniform([0.4,0.7]), activity of time-related signature S1 from
Uniform([0.03,0.1]), and time-related signature S5 from Uniform([0.05,0.15]). The remaining activity is
assigned to the signature A2. Finally, we sample mutation types from each of active signatures. Number of
mutation types sampled from each signature is proportional to their activities.

Two-cluster simulations We create the first cluster with CCF=1 as described above. For the second cluster
we sample ccf from Uniform([0.2,0.6]) distribution. To sample signature activities, we follow the produre
similar to one-cluster simulations. We sample activity of the first active signature A1 from Uniform([0.4,0.7])
for the clonal cluster, and Uniform([0.2,0.4]) for the second cluster to ensure the signature activity change
between the two clusters. Full procedure is shown in Supplementary Note 6.

Branching
To test violation of TrackSig assumptions, we create simulations with branching, CNA gain or violation of
infinite site assumption.

To simulate branching, we create three clusters. The clonal cluster is always assigned CCF=1. The CCF
for the last cluster (with the smallest CCF) is sampled uniformly from [0.2, 0.35]. The middle cluster CCF is
sampled such that it has at least 0.15 gap on CCF scale with other clusters. Additionally, we ensure that sum
of CCFs of the second and third clusters does not exceed 1 (otherwise the clusters cannot be branched).
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In branching simulations, we expect to see the signature activity for A1 signature decreases at the
transition to the second cluster and increases again at the transition to the third subclone. If such step-like
behavior of is observed in real data, we consider this a sign of branching. Note that if we reversed the order
of the branched clusters and assigned the same signature activities to the first and second clusters, it woudn’t
be possible to distinguish between these two clusters since TrackSig can only find changepoints based on
signature change.

To show the effect of branching on signature trajectories, we assign similar activities to the first (clonal)
and third cluster (with the smallest CCF), but introduce a signature change in the second (middle) cluster.
To do this, we sample signature activity for A1 from Uniform([0.4,0.7]), calculate the exposures for other
signatures and assign the same activities to the first and last cluster. For the middle cluster, we sample activity
for A1 signature from Uniform([0.2, 0.4]). As before, we sample activity of time-related signature S1 from
Uniform([0.03,0.1]), and time-related signature S5 from Uniform([0.05,0.15]) and assign the remaining
activity to A2.

CNA gain
CNA gain simulations are based on the branching simulations described above and has three clusters: clonal
and two subclones.

We introduce a CNA gain for 10% of mutations in the clonal cluster: 5% of mutations have CNA gain
on the mutant allele and 5% have CNA gain on reference allele. Thus, 10% of mutations get total copy
number 3 and mutant copy number of 2 and 1 respectively. We assume that these copy number changes are
inherited by both subclones. To simulate the CNA change, we adjust the mutantCN and totalCN parameter
in Supplementary Note 7 for 10% of mutations in each cluster. We provide total copy number a input to both
TrackSig and SciClone.

Violation of infinite site assumption
To simulate the violation of infinite site assumption (ISA), we create four clusters. The first three clusters are
created the same way as in the branching simulation. The forth cluster simulates mutations that occurred in
both clusters independently, thus violating ISA. The CCF of the forth cluster is the sum of CCFs of the two
subclonal clusters. We assign 3% of all mutation to the forth cluster. As expected, the presence of mutations
that violate ISA don’t affect signature activity trajectories.

Neutral Evolution Mutations
To make our simulations more realistic, we add mutations which emerged due to neutral evolution. We follow
Williams et al.? for generating mutations from neutral evolution. First, we establish the number of neutral
mutations to be generated. Then we sample those mutations according to the power-law distribution 1

f 2 ,
where f is variant allele frequency. Both steps are described in more detail below.

The number of neutral mutations is computed as follows:

M( fc) = se(
1

fmin
− 1

fc
) (10)

where fc is the variant allele frequency (VAF) of the cluster, fmin is a minimal VAF in consideration and
se is effective mutation rate. For clonal cluster, fc = 0.5. We only consider mutations with 3 or more mutant
reads. Therefore, we set fmin =

3
d , where d is the mean depth of the simulation. We use se = 16?.

Next, we sample M( fc) mutations according to the power-law distribution on interval [ fmin; fc]. Cumula-
tive distribution function (CDF) of power-law distribution on the interval [ fmin; fc] is the following:

CDF( f ) =
1
fc
− 1

f
1
fc
− 1

fmin

(11)
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To sample from this distribution, we take samples from uniform distribution and then use inverse
cumulative distribution function (I-CDF) to transform them into samples from power-law distribution. Inverse
CDF function takes the following form:

f =
1

1
fc
−u( 1

fc
− 1

fmin
)

(12)

where f is our target allele frequency (i.e. sample from the power-law) and u is a sample from uniform
distribution.

Note that the approach we used to sample neutrally-evolving mutations may not reflect the true, complex
clonal dynamics that would be better represented with a branching process. Although our one cluster case
precisely matches a standard neutral model?, using the same model for the two cluster simulations ignores
the effect that the introduction of subclone has on the number and VAF distribution of neutrally-evolving
mutations.

It does, however, establish a lower bound on performance. The introduction of a subclone is likely to
reduce the number of neutral mutations, though their VAF distributions would not drastically different, and
the “neutral mode” near the detection limit would be composed of mutations from both clones rather than
from just one clone. These differences would make the reconstruction problem easier for TrackSig. As such,
although the neutral model is not correct in the two cluster case, the one we used provides lower bound on
TrackSig’s performance.

Our results are shown in additional bar in Figure 3b and Supplementary Figure 2. At depth 10 and 30
TrackSig’s ability to detect subclones is not impacted by neutral mutations. At depth 100, both TrackSig and
SciClone detect an extra cluster, which is consistent findings of Williams et al.?: neutral evolution can be
detected at a minimal depth of 100. Figure 4b shows the example of generated simulation at depth 10.

Supplementary Note 4: SciClone+DeconstructSigs baseline
To showcase the potential of our method, we compared TrackSig to SciClone+DeconstructSigs pipeline
which is commonly used to infer signature activities.

SciClone + DeconstructSigs
First, we clustered SNVs using SciClone (v1.1)?. Sciclone uses variational Bayesian mixture model to cluster
SNVs based on their CCF. We provided CNA calls as a part of input for SciClone, same as we do in TrackSig.
Since we needed to test clustering at low depth, we used minimum read depth of 1. We report the results with
two clustering methods in SciClone: Beta mixture model (BMM, default) and Beta-binomial mixture model
(Binomial BMM).

Finally, we took the mutation clustering performed by SciClone and computed activities of mutational
signatures withing each cluster using DeconstructSigs (v1.8.0)?. We used the same set of PCAWG signatures
as we used in TrackSig. We fit the same set of active signatures with DeconstructSigs as we do in TrackSig.

PyClone
We attempted to use PyClone (v0.13.1)? instead of SciClone. However, PyClone uses a Markov Chain Monte
Carlo (MCMC) approach, and has a time complexity of O(n2). This is feasible for the number of mutations
validated on in the paper PyClone is described, but quickly becomes intractable for whole genome sequencing
containing thousands of mutations. We didn’t manage to run the on samples containing more than 1000
SNVs.
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Supplementary Note 5: Analysis of multi-region cases
To compare mutational signatures across multiple samples, we run TrackSig separately on each sample.
Samples from the same tumour can have different active signatures. Therefore, for each tumour, we split the
samples into groups that have the same set of active signatures and compare samples only within the group.
To compare signatures of the clonal cluster, we compute KL divergence and mean activity difference between
the first time points of the samples with the same active signatures. Within each group of samples with the
same set of active signatures, we compute the pair-wise mean activity difference and KL difference between
all pairs of samples within the group. We report the mean metrics of all pairs within the signature group.
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Supplementary Note 6 Simulation algorithm for two clusters

Input: mean mutation depth d, number of mutations N
1: mutantCN = 1
2: totalCN = 2
3: Sample CCFs for each cluster:
4: ccf1 = 1. . CCF of the clonal cluster is set to 1.
5: ccf2 ∼ Uniform(0.2,0.6)
6: Sample number of mutations per cluster:
7: Nc2 = bccf2 ∗Nc
8: Nc1 = N−Nc2
9: Sample two active signatures A1, A2 for the current tumour sample, excluding S1 and S5

10: Set active signatures to (S1, S5, A1, A2)
11: for each cluster i in 1..2 do
12: Sample signature activities:
13: eS1 ∼ Uniform(0.03,0.1)
14: eS5 ∼ Uniform(0.05,0.15)
15: eA1 ∼ Uniform(0.45,0.7) for the first cluster and eA1 ∼ Uniform(0.2,0.4) for the second cluster
16: eA2 = 1− sum(eS1,eS5,eA1)
17: Generate number of alt and ref alleles for Nci mutations:
18: for each mutation j do
19: depth j = Poisson(d) . Sample depth for each mutation
20: prob j = ccfi ∗ mutantCN

totalCN . Sample probability of mutant allele for mutation j
21: alt j ∼ Binomial(depth j,prob j) . Sample number of variant alleles from a Binomial)
22: ref j = depth j− alt j

23: end for
24: Sample types of mutations according to signature activities
25: for each signature s in active signatures (S1, S5, A1, A2) do
26: Notation:
27: es . Signature activity
28: ns . Mutations per signature
29: defs . Signature definition
30:

31: ns = Nci ∗ es

32: Create vector of trinucleotide counts across ns mutations from signature s:
33: cs ∼Multinom(ns,defs)
34: end for
35: Sum counts cs over all signatures
36: Convert trinucleotide counts into a a vector of mutation types of length Nci
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Supplementary Note 7 Simulation algorithm for branching with three clusters

Input: mean mutation depth d, number of mutations N
1: mutantCN = 1
2: totalCN = 2
3: Sample CCFs for each cluster:
4: ccf1 = 1. . CCF of the clonal cluster is set to 1.
5: ccf3 ∼ Uniform(0.2,0.35)
6: ccf2 ∼ Uniform(ccf2 +0.15;1− ccf2−0.15) . CCF of the middle cluster is set to be at least 0.15 CCF

apart from third cluster. Sum of CCFs from second and third clusters should not exceed 1 because they
are branched.

7: Sample number of mutations per cluster:
8: Nc3 = bccf3 ∗Nc
9: Nc2 = bccf2 ∗Nc

10: Nc1 = N−Nc2−Nc3
11: Sample two active signatures A1, A2 for the current tumour sample, excluding S1 and S5
12: Set active signatures to (S1, S5, A1, A2)
13: for each cluster i in 1..3 do
14: Sample signature activities:
15: eS1 ∼ Uniform(0.03,0.1)
16: eS5 ∼ Uniform(0.05,0.15)
17: eA1 ∼ Uniform(0.45,0.7) if i ∈ {1,3} and eA1 ∼ Uniform(0.2,0.4) if i == 2
18: eA2 = 1− sum(eS1,eS5,eA1)
19: Generate number of alt and ref alleles for Nci mutations:
20: for each mutation j do
21: depth j = Poisson(d) . Sample depth for each mutation
22: prob j = ccfi ∗ mutantCN

totalCN . Sample probability of mutant allele for mutation j
23: alt j ∼ Binomial(depth j,prob j) . Sample number of variant alleles from a Binomial)
24: ref j = depth j− alt j

25: end for
26: Sample types of mutations according to signature activities
27: for each signature s in active signatures (S1, S5, A1, A2) do
28: Notation:
29: es . Signature activity
30: ns . Mutations per signature
31: defs . Signature definition
32:

33: ns = Nci ∗ es

34: Create vector of trinucleotide counts across ns mutations from signature s:
35: cs ∼Multinom(ns,defs)
36: end for
37: Sum counts cs over all signatures
38: Convert trinucleotide counts into a a vector of mutation types of length Nci
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Supplementary Tables

# true changepoints
0 1 2 3

# predicted
changepoints

0 0.91 0.004 0 0
1 0.061 0.9 0.019 0.001
2 0.024 0.078 0.898 0.037
3 0.006 0.02 0.075 0.861
4 0.002 0.001 0.009 0.091
5 0 0.001 0.001 0.002

Supplementary Table 1. TrackSig change-point prediction performance in non-parametric
simulations. Each cell shows the percentage of simulations which have certain number of predicted
change-points (normalized within a column). Note that there might be several predicted change-points that
correspond to the same change-point in the ground truth. We consider predicted change-points to match the
ground-truth change-point if it is located no more than 3 time points away.

Supplementary Figures
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Supplementary Figure 1. Discrepancies in signature activities on bootstrap data. (a) Standard
deviations of signature activities at each time point for each signature across bootstraps. (b) Standard
deviations of change in signature activity at each time point for each signature across bootstraps.
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Supplementary Figure 2. Subclone detection accuracy in clonal evolution simulations. Each
method was evaluated on all simulation scenarios in Supplementary Note 3, shown in X-axis. Y-axis shows
the percentage of simulations where the method predicted the correct number of changepoints. Comparison
was performed on simulated data with read depth (a) 100 and (b) 10.
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(b)

Supplementary Figure 3. Absolute activity errors in clonal evolution simulations. Scatterplots show
median per-mutation activity reconstruction error (absolute activity difference) between the method
(TrackSig and SciClone) and the true activities on clonal evolution simulations. (a) Depth 100. Mean activity
error: TrackSig 0.022, SciClone 0.039. (b) Depth 10. Mean activity error: TrackSig 0.048, SciClone 0.068.
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(b)

Supplementary Figure 4. KL divergences in clonal evolution simulations. Scatterplots show mean
per-mutation KL divergence between predicted and true exposures on clonal evolution simulations. (a) All
simulations. Mean per-mutation KL divergence: TrackSig 0.044, SciClone 0.091. (b) Depth 30. Mean KL
divergence: TrackSig 0.047, SciClone 0.095.
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(b)

Supplementary Figure 5. Dependence of activity errors on TrackSig bin sizes at depth 30. (a)
Median absolute, per-mutation difference between true activities and activities estimated by TrackSig for
different bin sizes at depth 30. (b) Mean per-mutation KL divergence between estimated and true activities
for different bin sizes at depth 30. In all subfigures, error bars extend to 1.5 times the inter-quartile range, or
the point the furthest from the mean, whichever is less.
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(b)

Supplementary Figure 6. Dependence of activity errors on TrackSig bin sizes at depth 100. (a)
Median absolute, per-mutation difference between true activities and activities estimated by TrackSig for
different bin sizes at depth 100. (b) Mean per-mutation KL divergence between estimated and true activities
for different bin sizes at depth 100. In all subfigures, error bars extend to 1.5 times the inter-quartile range, or
the point the furthest from the mean, whichever is less.
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(b)

Supplementary Figure 7. Activity errors by depth in non-neutral simulations. Comparison of
TrackSig and SciClone (BMM noise model, default) on all simulation scenarios described in Supplementary
Note 3, except neutral evolution. Performance was evaluated across different simulated read depths, shown in
X-axis.

In all subfigures, error bars extend to 1.5 times the inter-quartile range, or the point the furthest from the
mean, whichever is less. (a) Median absolute, per-mutation difference between true activities and activities

estimated by each method. (b) Mean per-mutation KL divergence between true activities and activities
estimated by each method.
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(b)

Supplementary Figure 8. Activity errors by depth in simulations with neutral mutations.
Comparison of TrackSig and SciClone (BMM noise model, default) on one and two cluster simulations with
the inclusion of neutral mutations, as described in Supplementary Note 3. Performance was evaluated across
different simulated read depths, shown in X-axis. In all subfigures, error bars extend to 1.5 times the
inter-quartile range, or the point the furthest from the mean, whichever is less. (a) Median absolute,
per-mutation difference between true activities and activities estimated by each method. (b) Mean,
per-mutation, KL divergence between true activities and activites estimated by each method.
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(f)

Supplementary Figure 9. Evolutionary trajectories for multiple samples from same tumour. Each
subplot shows signature trajectories for different samples from the same tumour. Signature trajectories shown
are the mean of 30 bootstrap trajectories and therefore are not piece-wise constant. We report mean activity
difference and KL divergence between the activities in the clonal cluster only. We compare clonal activities
across the groups of samples with the same set of active signatures.
Tumour DO51954: Group 1 with active signatures "SBS1 SBS5 SBS40": mean activity diff 0.0573, KL
divergence 0.05. Group 2 with signatures "SBS1 SBS5 SBS18 SBS40": mean activity diff 0.036, KL
divergence 0.018
Tumour DO51958: Group 1 with active signatures "SBS1 SBS5 SBS18 SBS40": mean activity diff 0.014,
KL divergence 0.002. Group 2 with signatures "SBS1 SBS5 SBS18 SBS40 SBS2+13": mean activity diff
0.008, KL divergence 0.001.
Tumour DO51965: Group with active signatures "SBS1 SBS3 SBS18 SBS40": mean activity diff 0.042, KL
divergence 0.028.
Tumour DO51953: Group with active signatures "SBS1 SBS5 SBS40": mean activity diff 0.031, KL
divergence 0.005.
Tumour DO51959: Group with active signatures "SBS1 SBS5 SBS18 SBS41": mean activity diff 0.011 ,
KL divergence 0.0014.
Tumour DO51962: Group with signatures "SBS1 SBS3 SBS5 SBS8 SBS40": mean activity diff 0.037, KL
divergence 0.031.
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Rosamonde E Banks494, Guillaume Bourque495,496, Alvis Brazma7, Paul Brennan497, Mark Lathrop 496,
Louis Letourneau498, Yasser Riazalhosseini496, Ghislaine Scelo497, Jörg Tost 499, Naveen Vasudev500 and
Juris Viksna501

Tumor Specific Providers – EU: United Kingdom (Breast cancer)
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Adam P Butler2, Declan Cahill658, Niedzica Camacho405, Colin S Cooper 404,405,406, Nening M Dennis658,
Tim Dudderidge658, Sandra E Edwards405, Rosalind A Eeles 405,658, Cyril Fisher658, Christopher S Foster660,661,
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Heiman3, Zachary Heins199, Austin J Hepperla248, Katherine A Hoadley247,248, Andrea Holbrook706, Robert
A Holt670, Alan P Hoyle248, Ralph H Hruban707, Jianhong Hu165, Mei Huang651, David Huntsman708, Ted R
Hupp645, Jason Huse199, Carolyn M Hutter 21, Christine A Iacobuzio-Donahue518, Michael Ittmann709,710,
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Dirk Schadendorf80,746, Jacqueline E Schein670, Heather K Schmidt139, Nikolaus Schultz671, Steven E
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