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Abstract

There are two frameworks for characterizing mutational signatures
which are commonly used to describe the nucleotide patterns that
arise from mutational processes. Estimated mutational signatures
from fitting these two methods in human cancer can be found online,
in the Catalogue Of Somatic Mutations In Cancer (COSMIC) website or
a GitHub repository. The two frameworks make differing assumptions
regarding independence of base pairs and for that reason may
produce different results. Consequently, there is a need to compare
and contrast the results of the two methods, but no such tool
currently exists. In this paper, we provide a simple and intuitive
interface that allows comparisons of pairs of mutational signatures to
be easily performed. Cosine similarity measures the extent of
signature similarity. To compare mutational signatures of different
formats, one signature type (COSMIC or pmsignature) is converted to
the format of the other before the signatures are compared. iMutSig
provides a simple and user-friendly web application allowing
researchers to download published mutational signatures of either
type and to compare signatures from COSMIC to those from
pmsignature, and vice versa. Furthermore, iMutSig allows users to
input a self-defined mutational signature and examine its similarity to
published signatures from both data sources. iMutSig is accessible
online and source code is available for download from GitHub.
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(77747 Amendments from Version 1

We thank the reviewers for their insightful comments. Two major
changes have been made to the paper which we believe have
improved it significantly.

The first change is that we updated the version of COSMIC
signatures from version 3 to version 3.1, announced in June
2020 as the most recently released signatures. The other change
was made based on reviewer 2's comment on including another
conversion method. Reviewer 2 suggested that we ‘collapse’

the COSMIC signature to marginal probabilities which are then
multiplied together under the independence assumption before
comparing the COSMIC to PM signature. We implemented the
new method in the Shiny app, introduced it in the Methods
section and provided new Results. Now users are able to
choose either of these conversion methods (new ‘collapse’ or
original ‘expand’) to identify the most similar signature of the
opposite type. In addition, a new tab featuring heatmaps was
implemented to provide an interactive visualization of the cosine
similarity between two types of signatures. Cosine similarities
are computed after converting one of the signature types

to match the format of the other. In addition, we discussed

the discrepancy that can arise in identifying the most similar
signature of the opposite type, depending on which conversion
method is selected (‘collapse’ or ‘expand’).

Based on the reviewers' feedback, we have also made a few
minor changes including 1) adding a new figure to illustrate
how to convert between two types of signatures; 2) correcting
the typos in the formula, text, and Shiny app user interface;

3) updating a reference and the Shiny app user interface
accordingly.

Any further responses from the reviewers can be found at
the end of the article

Introduction

Each human is subject to a variety of mutational processes
throughout their lifetime. These processes result in a catalog
of somatic mutations in the tissue creating a unique mutational
profile'. A mutational signature captures the pattern of the muta-
tions and contexts in which those mutations occur (i.e., the
neighboring bases). Examples of important mutational processes
with distinct mutational signatures include aging and ultravio-
let (UV) radiation. Additionally, many research groups are per-
forming analysis to discover de novo mutational signatures in
cancer'~.

Currently, there are two frameworks used to characterize
and visualize mutational signatures™®. The first, proposed by
Alexandrov et al., uses a vector of 96 probabilities to capture
the composition of the six nucleotide substitutions (C >A, C
>T,C >G, T >A, T >C, T >G) and the neighboring base imme-
diately on each of the 5' and 3’ side of the mutated base'. A list
of published mutational signatures can be downloaded from the
Catalogue Of Somatic Mutations In Cancer (COSMIC) website’
(version 2, v2). Later, Alexandrov et al. published an expanded
set of mutational signatures in version 3.1 (v3.1)"%. The 72 COS-
MIC v3.1 Single Base Substitution (SBS) signatures include 30
v2 signatures. Based on the signature concept, but using different
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model assumptions, Shiraishi et al. proposed a mixed-membership
model, pmsignature, which substantially reduced the number of
parameters needed to characterize a signature’. They achieved
this by assuming independence across bases, thereby reducing
the number of parameters from 6*4*4-1 = 95 to (6-1)+(4-1)
+(4-1) = 11". The reduction in the number of parameters is greater
if more flanking bases are included. However, the independ-
ence assumption might prevent signatures with dependent neigh-
boring bases from being discovered, thereby resulting a fewer
signatures. Shiraishi identified 27 signatures, all of which can
be downloaded from their GitHub repository”. In this paper,
we will refer to signatures resulting from these two methods as
“COSMIC signatures” with version numbers (for those result-
ing from Alexandrov er al.’s method) and “PM signatures”
(for those resulting from Shiraishi et al.’s method).

A large number of researchers have published scientific find-
ings resulting from the COSMIC signature-based method'*'?,
which was defined as the “gold standard” in the field by
Baez-Ortega et al.’. Meanwhile, an increasing number of research-
ers are using the pmsignature-based method for samples with
lower numbers of somatic variants due to it requiring fewer
parameters”'*'*. Given that both methods are widely used, inves-
tigators need the ability to compare results from their analysis
with those reported in earlier databases, which may have been
produced using the alternate method. For example, research-
ers have adopted both tools for gastric cancer and tried to com-
pare and integrate the information from two data sources in
a somewhat ad hoc manner”. No rigorous tool exists for this
task. In this paper we present iMutSig, an easy-to-use tool that
allows users to 1) input a new mutational signature, 2) com-
pare it using cosine similarity to all published signatures from
both the COSMIC and PM signature databases, 3) identify the
most similar signatures previously reported, and 4) to assemble
the information characterizing those signatures using simple
point-and-click navigation.

Methods

Implementation

In order to measure the similarity between mutational signa-
tures across two databases, we need to represent PM signatures
in a way that is comparable with those from COSMIC, or repre-
sent COSMIC signatures in a way comparable to PM signatures.
We call the first of these methods the “expand” method, where
we expand the PM signature into a probabilistic vector with
the same length as the COSMIC signature, i.e., 96. The conver-
sion in the opposite direction, from the COSMIC signature into
the PM signature format is called the “collapse” method. In the
collapsed format, the PM signature is represented by a vector
of 14 probabilities, the probabilities for the six possible nucle-
otide substitutions and the probabilities for the four possible
bases at each of the two flanking base positions. In the “expand”
method, to calculate each of 96 resulting probabilities in the
vector, we take the constituent components that make up the
COSMIC signature - which refer to the nucleotide substitution
and two flanking bases at the -1 and +1 position - calculate the
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probability of each component for the given PM signature, and
then multiply those probabilities using PM signature’s assump-
tion of independence. For example, to calculate the probability of
the COSMIC signature C[C >A]T we multiply three PM signa-
ture’s probabilities: P(C at pos -1), P(C >A), and P(T at pos +1).
This example is shown in Table 1, Equation 1, and Figure 1.

P(C[C> A]T)=P(C at pos—1)P([C>A])P(T at pos+1)
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These are computed using the convertAlexandrov2Shiraishi
function from the decompTumor2Sig package'.

Table 1. An example of PM signatures.

Nucleotide substitution

=0.052x0.012x0.116 (1) C>A G CT T>A T>C T>G
=7.24x10"° 0.003 0879 0.003 0.090 0014
To perform the “collapse” method, we calculate the marginal Flanking bases
probability for each characteristic, the nucleotide substitution and .
each flanking base, and multiply the probabilities together using e ] L - < U
the independence assumption. The marginal probability for the -2 0.159 0.042 0.486 0.314
nucleotide substitution is computed by summing the probabili-
ties including all 16 combinations of two flanking bases from the . 0.044 0.870 0.034
COSMIC signature. In a similar manner, the marginal probabil-
ity of a flanking base is the sum of probabilities across all sig- . 0.076 | 0.237 | 0.571
natures containing the given flanking base. See an example of N
2 0.245 0.247 0.256 0.252
P(C>A) and P(C at pos -1) shown in Equation 2:
CGT wtcar Transcription strand
PC>4)= Zi 2/‘ PULC>4])) Plus Minus
A,C,G,T C>4,C>G,C>T, T>A,T>C,T>G I
P(Catpos-D=3 "3 P(CIilj) (2) 0.511 0.489
-
G C
c
C>A C>G C>T T>A T>C T>G
0.4+
>
= 0.31
o
S 021
[®]
S
Q0.1 I
0.0 e __-I._-l.l lJ- = ——— -J. - i

Figure 1. The PM signature appearing in Table 1 (top) with the ‘expanded’ signature appearing in COSMIC format (bottom).
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After we have represented both forms of signature using prob-
abilistic vectors of the same length n, P and C say, we can
directly compare the two signature types. In order to meas-
ure the similarity between them we use cosine similarity, CS,

defined as shown in Equation 3:
pc _ ¥k
1Pl >

P 1
2 no a2
i b '\/Zi:lCi

Intuitively speaking, cosine similarity is the cosine of the angle
between the two vectors. As such, cosine similarity ranges
from O to 1 (inclusive). In our context, if two mutational signa-
tures have a cosine similarity of 1, they must be identical, i.e.,
the angle between them is 0° in contrast, if two mutational
signatures have a cosine similarity of 0, they are maximally
dissimilar (i.e., orthogonal). Computing the cosine similarity

CS(P,C) =

3

——————— e

pmsignhature
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between the input signature and each of the candidate signa-
tures, and then sorting the similarities from highest to lowest
value, we identify the candidate signature with the highest cosine
similarity as the most similar mutational signature.

Operation

iMutSig is built in R with its key features depending on the R
package, pmsignature’. As shown in Figure 2, the Shiny app cur-
rently supports three possible workflows for users to choose
from, depending on the type of signatures they have already
obtained: 1) starting with a COSMIC signature; 2) starting with
a PM signature; 3) starting with a self-defined signature that
could follow either the COSMIC or PM format.

The first tab in the Shiny app window, “COSMIC to pmsigna-
ture”, allows users to select an input COSMIC signature via a

__________________________________________________

database

Figure 2. Overview of three workflows in the iMutSig interface. The first two tabs allow users to finding the most similar PM signature
to an input COSMIC signature (highlighted in green) and vice versa (highlighted in orange). In addition, users can identify the most similar
signatures from both data sources to an input signature (highlighted in blue).
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drop-down list and returns the best-matched PM signature. The
returned results are divided and organized separately in the top
and the bottom portion of the page. The top half tab summarizes
background information regarding the input signature by present-
ing: 1) visualized plots of the input signature and its membership
among all cancer types, i.e., in which kind of cancers the muta-
tional signatures has been found; 2) a table showing the cosine
similarity between this signature and all PM signatures, sorted in
decreasing order, along with a visualization of a similarity heat-
map with color and intensity proportional to assessed similarity.
The bottom half tab presents plots and descriptions of the
input COSMIC signature, the most similar PM signature, and
a second PM signature that the user can select. Thus, users can
easily access all the vital information and results regarding these
signatures rather than having to manually gather and organ-
ize information from publications. The top half of the tab will be
automatically updated via a control panel in the middle section
of the tab, which enables users to select a signature to start with
and also highlights information about the currently selected
signature, the most-similar signature from the alternate model
framework, and the cosine similarity.

The second tab was designed in a similar manner to the first
tab, but for the case in which we are starting with a PM signa-
ture and looking for the most similar COSMIC signature. For
the first two tabs, users can choose which version of COSMIC
signatures to input from the sub-menus, i.e., v2 or v3.1.

Unlike the first two tabs, the third tab enables users to enter a
user-supplied signature, which can be in either PM or COSMIC
format, and then identify the most similar signature from each
online database. The user will be requested to enter a sub-menu
based on the type of the input signature and to upload a comma-
separated values (CSV) file containing a single signature. A
sample CSV file is provided for download to give the user a better
sense of the format of the input file. Then, the tab will be updated
to display three tables, one from each data source (COSMIC v2,
v3.1 and PM), listing the signatures from that data source and
the cosine similarity of each signature with the user-uploaded
signature. The tables are ordered from most similar to least simi-
lar signature. In addition, the user is able to view figures of the
best-matched signatures (i.e., those with highest cosine simi-
larity) from each data source, allowing users to observe any
similarities and dissimilarities. Below, users will see a list of
cancer types that contain the best-matched signature.

The fourth tab shown in Figure 3 displays the interactive cosine
similarity heatmaps between PM signatures and COSMIC
signatures for the two conversion methods. One would choose the
version of COSMIC signatures (v2 or v3.1) and one of the two
conversion methods (COSMIC to PM signature, ‘collapse’, or PM
signature to COSMIC, ‘expand’). The PM signature, the COSMIC
signature names and the associated cosine similarity value can

F1000Research 2020, 9:586 Last updated: 27 NOV 2020

be visualized by placing the cursor over the heatmap. It is notable
that the cosine similarity values tend to be higher using the
collapse representation compared to the expand representation.
We attribute this to the difference in model assumptions. When
a COSMIC signature is collapsed to the PM signature format the
independence assumption is imposed on both signature types.
However, when a PM signature is expanded to the COSMIC
signature format, the PM signature probability vector still repre-
sents the fit under feature independence whereas the COSMIC
signature does not. This difference in model assumptions results
in lower estimates of cosine similarity. Some discrepancies are
found, based on the conversion method selected, when search-
ing for the most similar signature from the opposite database:
matching COSMIC v3.1 signatures to PM signatures 17 out of
72 disagreed (23.6%). A similar fraction disagreed when
matching COSMIC v2 to PM signatures (7 out of 30, 23.3%).
Interestingly, when we compare the 27 PM signatures to
COSMIC, we see much better agreement with the newer v3.1 sig-
natures compared to the earlier v2 signatures (88.9% vs 63%).
The higher matching of the v3.1 database includes the match-
ing of signatures that were not present in the earlier v2 database
(e.g. SBS10b, SBS46, SBS49). The remaining discrepant results
may correspond to COSMIC signatures that reflect dependence
between neighboring bases.

Use cases

We use iMutSig to identify the most similar signature for a given
PM/COSMIC signature or a user-supplied signature. Figure 4
shows the input panel after inputting COSMIC v3.1 signature
SBS1 and Figure 5 shows the input panel after inputting PM
signature P1. If users provide a user-supplied signature of either
COSMIC-kind or PM-kind, the results can be seen in Figure 6 and
Figure 7. Consider the example shown in Figure 6, where we
input COSMIC v2 signature C1. iMutSig returned the most simi-
lar signatures COSMIC v3.1 signature SBS1, and PM signature
P7 (similarity = 0.947, and 0.948, respectively) along with the
names of its associated cancer types. When providing PM sig-
nature P1, iMutSig returned COSMIC v2 signature C10, v3.1
signature C10a and PM signature P1 (similarity = 0.816, 0.957, 1.0,
respectively).

Conclusions

iMutSig is a user-friendly interactive browser-based applica-
tion that allows users who have a signature that they have
discovered in an analysis of their own data to identify the best-
matched existing mutational signature from the COSMIC and
PM databases. It also allows users to directly compare signa-
tures between the two databases. It does this in an interactive
way, and also allows straightforward visualization of results.
iMutSig enables researchers to easily identify the most similar
mutational signature and to easily access characteristic infor-
mation from both data sources without additional software
installation and programming of their own.

Page 6 of 24



F1000Research 2020, 9:586 Last updated: 27 NOV 2020

*sainjeubis JINSOD pue sainjeubis N d uaamiaq sdewreay Ayaejiwis auiso) ' ainbig

% i, i

b

[al |

puedx3 - T'En

poyIdl UO|S13A IS0

ainjeubis |euoneinw Jejiwis jsow ay) BulAmuapl BNl

Page 7 of 24



586 Last updated: 27 NOV 2020

F1000Research 2020, 9

B
w8
-
o<l o<1 [ 1 | e vo |
M—ﬂ oo | e Loo
mrTT ULl ____
702
-
&
o EX veL 1< ) V<o
= too
g
g
leo§
oL o<L 9<2 <o

£0 10 Ko 1o Ko Lo

ainieudis JIWS0D

1s4s

o o 50 o 1o S. 1o is8s

42d 92d S2d ¥2d €2d 22d 12d 02d 61d Bid Lid 91d Sid ¥Id €1d 2ld Ild Old 6d Bd 4d 9d Sd #d €d 2d |Id

saameudiswid ay3 03 Ayie)iwis 2uisod sy

0006000 © GOOO060000000000SD
PEf i TffadisTdpiteeeeecfiqing
fiiiisaecaifeagiiparfofipepfst
R ER! g ! Pid

"158S ‘@4n3eubis L°€A DINSOD e ndug i 24nbiy

s ‘wmaa1010) :diyssaquiapy saoue)
T00'0 :(pasalRs) Kae s
Td ameusisw

sruain ‘prosfy ‘Yoewols
‘21215014 “ewoM20.a5y IAD0]Id *SERIIUE KIBAG ‘BWIOISEIGOINAN
‘ewoyakp ‘ewoise|goyinpap ‘12 g ewoyduik] ‘Kiejded aupny
5'A3Upi ‘HaaN'pue'pEIH
28eydos3 ‘wnpai0j0)

saunjeudiswid Jejjwis 1o

VD0U3PY-SnI31N ‘Y30U3pY-AY | “YI0UIPY

-Y2EWONS ‘21e50d|7-aNS5] [1J0S ‘0AWOIT-aNSS! 105 “BWOURR Y

-UIS ‘YIOUBPY-SOId ‘BULIIOPUT-IUE ‘YIOUSPY-DUEd ‘Y)OUBPY-Ki1EAQ
‘NdW-PICIRAR ‘SON-PIOIAAW “TAY-PIojaki “T12-4dwi] “THNE-ydwAT
“30s-8unT Yyouspy-Bum 30K~ “D0y-Aeupiy DJuyd-Aeupy
“30S-PERH ‘YIOUIPY-053 ‘¥IOUBPY-13H0I0D “DDSXIAIBT YIOUIPY
“X03) ‘01sYO)Id-SND “OBIIO-SND “OINP3W-SND WED-SND ¥D-eInqo
15828 “5170-15B2Ug YDOUAPY-ISERIg ‘DIBS0AISO-2u0g Y)id3-auog
‘ugjuag-auog ) L-1BppPelg ‘YDouspYy-Aiel
1585 2:meudis NS00 @dAL

g :dyysiaquiapy Jedue)

:aimeudis JINS0D

- Td

aimeusiswd puz

EN SNOIABId S9LJUD 27 O € 03 T Buimoys
SE0 8d 1s8s
¥o Tid 1s8s
L1800 Ld 1s8s
asmeudiswd EADINSOD
Si5Ink
= — )
sdeuneay
g
—ea | o4 || _va ][ 1@ | ew | ve ]

sadA) saoued Lg Buowe diysiaquiaw sy

- puedxa -

pousn

aimeusiswd e uasoyn

BIMEUdis T'EADINS0D &

585

3IWS03 Umoo-.—u

(e TEn <

> umeudiswd o3

aIneuBis [eu W Jefius 1sow ey Buifypuspl :BISINA

Page 8 of 24



127 NOV 2020

586 Last updated

F1000Research 2020, 9

sniein .

plosAyL

@
g
3
8
s

aelsold

ewofoonsy-ankoold

sealoueg

Kieag

BuwOISE|qOINaN

ewOBAN

Bwouelaly

BLIOISE|GO[INPAY

l1l9o" g ewoydwi]

snowenbg Bun

11807 fews Buny

ouapy Bun

BEN ]

Kieyded haupiy

IR0 Ieai0 Aaupiy

aqoydowoiyyAaupiy

YoaN pue peaH

= - - — 00
— — tog
g
g
Z0
=4
€0
54 <L Vel 10 B | v
= e = == oo
| z0g
S
&
8
voZ
3
90
B4l oL vl 1< 540 V<o
F B = - x 00
3 vo
i
z0 8
&
£0 2
2
0
B
Bl o4 vl 1< EX) (25
- SINS0D 81]uwis 150l aimeudisud
u u u u 1
R R R R R R R R R R R
GRERRULERNRERERREZES SRR ZZ9RITIIABRURE

saimeudis HINSOD Y1 01 Ajue|iwis aulsed sy

apeinmoTeWoD

BWOISEIGOIID

L ] d
mg 9 Q9w e 2>
e & & K g 3 T F
88 2 "pgrF ™
32 % e g
S E #

3 3

sadf) Jaoued gg Suowe diysisquisw sy

a puedi

PoweN

-SNI31N ‘YIOUBPY-AY L ‘YIOUSPY-YIRWOIS “DiesodiT-anss| [Yos ‘okwola]
-2NSSI 1 YOS ‘BUWOURIIN-UNS ‘YIOUIPY-1501d ‘2ULIIOPUI-dUEd ‘YIOUIPY
-aued ‘yIouspy-A1eng ‘NAW-PIORAN ‘SOW-PIoISAN “TWY-PIoISA “T1D
YAWAY “THNG-YdWAT *225-BUn ¥D0USPY-BUnT “DH-3AT DDY-AaUPpI
I0uYD-A2UPIY *DIS-PERH ‘WIOURPY-053 'YIOUBPY-1224|0) *IISXINRD
“yJouBpY-xinIa) ‘0sYOId-SND ‘08110-SND ‘OINP3N-SND ‘WED-SND
‘yDIeINqOTSRAIg §1D(-I5eRIg ‘YIOUBDY-JSERIg DIRS031S-aucg UNd3
-auog ‘udiuag-auog “301-43ppelg ‘voouapy-Aien g diysiaquia iy Jdued

‘Ld ‘@an3eubis \d e Indug ‘G 2.nbi4

wJouspy

1000 :(PaR3)es) e
1585 Imeudis JINS0D 2dAL

YD0UBPY-SNIAIN ‘YIOUBPY-13240]0D ¥

Siaquia i Jaaued
1560 (3s2yB1y)Aueys
©0TSgS 21meuBls JINSOD edhL

saumeudis JJNS0D Je)

2anjeudis JINSOD PUT

3)f3s aunjeusis DINS0D Ul aimeudiswd

Ts8s

SN WNR2.0)0) diysiaquia i J2ue)
Td 2imeudiswd :adfy

RN snoidld saujua 7. jo £ 0 T Suimoys
¥LL'0 9€s8S Td
6680 9558S d
LS6'0 eQ1SEsS Td
aimeusis

T'EA JINSOD

BiINW1INoqy @

sdeurjeayy

aumeudisendu| e

<«

aimeudiswd uasoyd (o)) TEn <

» JIWS0D 01 aameudiswd

aimeuSiswd e

asooy)

ud 03 JINS0D

ainfeudls [euociEINW JejiLis Jsow syl Buiiynusp! BISIN!

Page 9 of 24



127 NOV 2020

586 Last updated

F1000Research 2020, 9

*ainjeub

1S DINSO) paljddns-1asn e Indug ‘9 aunbi4

snuaaq ‘proify
‘seanued ‘fen)
2>grewoydwi]
‘Raepdeq foupry N1z1e9)y faupny BqoydowoiyyAaupny
“YPBN"puepeaH ‘BPRIDMOT BLUOIS ‘BW0ISEIqOND
‘|eaBeydos3 ‘wnypaio]o) KD 17D ‘1se2Ig YSppeld “THY TV

YIRS ‘B1LIS01 ‘BWOIAI0NSY IR0
‘eloIse|qoINBN ‘ewojaky ‘ewoise|qo]

aimeusiswd ui diysisquiaw saoued

Kuepuns

8v6°0

WIOURPY-SNI21N “YIouspy-AY L ‘YIoUSpY-YIewios
*31es0d-8nssi | 1Jog ‘oALLoIZT-8Nss] [0S ‘BUIOURIBIN-UMS
YIOUSPY-1S014 ‘DULDOPUT-IURY *YIOUSPY-IURH “YIOUSPY-AIBAQ
‘NdW-PLOIBAR ‘SAW-PIOIBAW TW-P1oA ‘TID-ydwA) “THNG
-ydwiA] 325-8unm yoouspy-8un ‘JoH-13AIT “20Y-A3UpPIY 0HYD
-faUpDy ‘225-PRaH YDOUBPY-053 YIOUAPY-12340]0] “DDSKINBD
IOURPY-AINIR) ‘ONSYOIId-SND ‘0BII0-SND ‘OlINPRI-SND ‘WaD
-SND “wDuengoT-Isealg ‘§|Da-isealg ‘ydouspy-isealg 1esoalsg
-auog ‘Yudi-suog ag-au0g ‘301 -1eppe|a Yoouapy-Au

EADINSQD Iysiaquiaw Jsoue)

Ryepuis

BLUOURISP|E3A( “BLUOIIBSOUIDIRY) SULISIN
‘PLIOUIDIRYBULIBIN ‘BWOURIEY | eNELYI0IN ‘Prolfy |

“YIRLWIOIS ‘31215014 ‘elo1onsy110)d ‘ewolduedeled
‘sealnued ‘fieng ‘ewodiesosisQ ‘snowenbstjeangronBuis|eig
‘sngeydosag ‘ewoisejqoinap ‘ewounie)jeadulieydosey
‘ewojafy ‘ewoue|ap ‘eweoise|qo|npay| ‘Unjspon-ewoydwii]
122-grewoydwA ‘snowenbs Buny ‘R0 ews Suny
‘Raendeg-Aaupry 130180 Aaupry
“agoydowoiy) Aaupry YRaN"PUe pESH BPRIYMOT BLION
BLI0ISE|OI] ‘WMDBI0I0] “T]D ‘BLI0JIESOIpUOYD

X127 Isealg Yappelg TNy TV 2wouinIe|edodouslpy

‘ouspy-3un ‘1

ZADIWSOD Ut diysisquisiu soued

Auepunsg

EEE [ OOVILO ] - e Lo F = 000
EN B 11T %
| | Fiog t500 ]
o =l
| g =3
$ , , 4 [ 1] lovo B
[=0 Fso
1 L
[ear |[ o< | weL |[ 10 |[ ©%0 |[ w<d <l || o<L || veL || 1<0 || p<D || w<D
Ld aimeudiswd 58S 2imeudis JINS0D 12 2imeusis JINSOD
AN SNOIA31H saLUa /7 Jo € 0] T Suimoys PEN snoinald saLua 7/ Jo £ 01 T Suimoys eN SNolAald saLnua Qg Jo € 0] T Suimoys
LEVO 8d TsL0 18sdS 6950 ¥
15°0 T1d 9¥80 95ds 780 9
are’0 id L¥E0 1s549s T 1
fyuepuns auisod aimeufiswd Ayueuns suiso)y aimeudis JINSOD fyuepuis auisod ainyeudis JINS0D

ainjeusiswd

aimeudis T'EA JINS0D

e |[oa |[ v _._.Gi o< || v<a |

2imeusis ZA JINS0D

Jzpesy @

VRS AYON | TBSMOIg

314 ASD 3s00y)

2|4 AsD 3|dwes e peojumog F  *sajonb ou LI

xujew e oyui uneudiswd nof Sumind Aq 31y AS) e asedaud ssealy

Page 10 of 24



F1000Research 2020, 9:586 Last updated: 27 NOV 2020

ST ‘WN210|07)

aumeudiswd u) diysiaquiaw Jaoue)

fuepung

000°T

YOOUSPY-SIUL YI0USPY-13340|0D)

T'EA JINS0D Ul diysiaquiaui Jaoue)

Auepung

*ainjeubis |\ d paljddns-1asn e andug *z£ 24nbi4

BLIONESOUIDIR) BULISIN
‘BLIOUIDIE) BULIBY “WNI010] KIAUS) Isealg Yappelg

TA DINSOD Ul diysiaquisu Jadue)

== I I . T rCrTT rrr
| tzog -]
| g .
| = g
v te0 | .
(o [ oa [[va |[ 10 [0 |[ ¥4 | (o< |[oa [[va |[100 [[ o< |[ v |
Td @imeudiswd EQTSHS 2imeudis DINS0D 0TD 2imeudis DINS0D
AN EUGITETR S3LIUB /7 JO £ 0} T Suimoys PEN SNOINBId 531U 7/ 4O £ 0} T Bumoys WON SNOINBId S2113U3 OF JO £0) T Buimoys
CEED ¥id vLLO 9£54S 1RE0 62
I¥5°0 id 6680 9654ds 1950 812
1 1d 1S6°0 B01Sas 9180 012
fuepuns auiso)y ainjeusiswd Auepuis auisoy a1meusdis NS0 Auepuis auiso) aimeusis JINS0D

ainjeudis T°EA DINSOD

aimjeudis Za DINSOD

1apesy @

V@S IYON | EsmoIg

3id NS asooy)

Y ASD w_aEmm EPROJUMOOSF  sanonb ou (pim uwinjod

e ojul saimieusis J1soD inok Sumnd Aq ajy AsH e asedaud sseald

ainjeubis |euopenw Jejiwis Jsow ayy BulAyuap BN

Page 11 of 24



Data availability
All data underlying the results are available as part of the article
and no additional source data are required.

Software availability
Software available from: https://zhiyang.shinyapps.io/iMutSig/
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v

Adrian Baez-Ortega
Transmissible Cancer Group, Department of Veterinary Medicine, University of Cambridge,
Cambridge, UK

In this revised manuscript, Yang et al. satisfactorily address all the major and minor revisions
originally requested, resulting in improvements to both the paper and the software tool. Hence I
believe this paper to be scientifically sound in its present form, and no further major revisions
should be necessary. However, below I add a few non-essential points that could be addressed, all
of which are quite straightforward and should not require an additional round of review.
Moreover, I would understand if the authors disagreed with my last comment regarding cosine
similarities.

1. In the iMutSig app, I noticed that the panel showing the membership of the selected

COSMIC signature across tumour types does not display anything for some of the v3.1
signatures (e.g. SBS27, SBS28), while it does work for their v2 counterparts (e.g. C27, C28). 1
do not know if this is a mistake or if the distributions of some v3.1 signatures are really
unknown.

. Introduction, par. 2 reads: "thereby resulting a fewer signatures" instead of "thereby

resulting in fewer signatures"; and "Shiraishi identified 27 signatures" instead of "Shiraishi
et al. identified 27 signatures".

. In Implementation, par. 1, when discussing the "expand" method whereby a COSMIC

signature is constructed from three of the probabilities in the input PM signature, perhaps it
would be good to mention that the PM signature may contain more features than just
substitution type and immediate 5' and 3' bases (such as probabilities for -2/+2 bases and
transcriptional strand), and that any information about these extra features of the PM
signature is lost when "expanding" to the COSMIC format. Adding this comment might be
valuable since the example in Table 1 does contain these extra features, and it would also
highlight one of the strengths of PM signatures (more information in less parameters).

. Implementation, par. 1 reads: "For example, to calculate the probability of the COSMIC

signature C[C >A]T...". Should it not be "the COSMIC mutation type C[C>A]T"? A COSMIC
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signature would be a vector of 96 such mutation types/categories.

5. The comment above also applies to the next paragraph, which reads: "In a similar manner,
the marginal probability of a flanking base is the sum of probabilities across all signatures
containing the given flanking base."

6. Implementation, par. 2 reads: "To perform the “collapse” method, we calculate the marginal
probability for each characteristic, the nucleotide substitution and each flanking base, and
multiply the probabilities together using the independence assumption". Are you sure
that the probabilities are multiplied together in the "collapse" method? As far as I
understand, each marginal probability is obtained as a summation (as shown in Equation 2),
and no multiplication is required afterwards - if I am correct, these marginal probabilities
already define the PM signature.

7. Figure 2 legend reads: "The first two tabs allow users to finding...", instead of "to find".

8. Operation, par. 5 reads: "It is notable that the cosine similarity values tend to be higher
using the collapse representation compared to the expand representation. We attribute this
to the difference in model assumptions. When a COSMIC signature is collapsed to the PM
signature format the independence assumption is imposed on both signature types.
However, when a PM signature is expanded to the COSMIC signature format, the PM
signature probability vector still represents the fit under feature independence whereas the
COSMIC signature does not." While I understand this, I am not sure this is the only reason
for the difference in cosine similarities. In general, one would expect high cosine similarity
values to become less frequent as the number of dimensions increases; in other words, it is
much less likely to find two 96-dimensional vectors with a near-zero angle between them
than it is to find two 11-dimensional vectors with a similar angle. So it is possible that the
mere fact of collapsing a COSMIC signature into a PM signature causes an overall increase
in its cosine similarity with every other PM signature (and the opposite would be true when
"expanding" signatures). However, I do not know which of these two explanations is more
important for the change in similarity values observed in the signature heatmaps.

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Computational biology, Bioinformatics.

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Reviewer Report 26 November 2020
https://doi.org/10.5256/f1000research.30641.r75097
© 2020 Perduca V. This is an open access peer review report distributed under the terms of the Creative

Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.
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\/ Vittorio Perduca
Université de Paris, CNRS, MAP5 UMR 8145, F-75006, Paris, France

Thank you for taking into account my comments and for clarifying the differences between the
original "expand" method and the new "collapse" method. I have no further comments.

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Applied statistics, biostatistics.

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Reviewer Report 15 July 2020

https://doi.org/10.5256/f1000research.26954.r64570

© 2020 Perduca V. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

? Vittorio Perduca
Université de Paris, CNRS, MAP5 UMR 8145, F-75006, Paris, France

This paper presents an original online tool for comparing mutational signatures represented
according to two alternative formats, namely COSMIC vectors with the relative frequencies of the
96 types of substitutions on one side’, and lower dimensional "pmsignature" vectors on the other
side’. The article is well written and the method behind the tool is clearly explained. The
interactive tool runs smoothly and has the potential to provide useful support to researchers
running mutational signature analyses using alternative frameworks.

My comments:

o One important point worth stressing is that the proposed solution for comparing "PM
signatures" and "COSMIC signatures" is to represent the former lower dimensional
probabilistic vectors in the larger space of the latter vectors. This is clearly explained in the
methods, but I believe it is worth mentioning explicitly that this happens even when the
input is of the COSMIC type.

My major concern is that the described method relies on the pmsignature assumption of
independence between the mutation features. Could the authors comment about the

possible limitations entailed by this assumption?

> In my understanding, another possibility would have been to represent "COSMIC
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signatures" as 11-dimensional "PM signatures" by eliminating through summation two
features out of three. For instance, one could compute the "PM signature" component
representing the probability of the substitution S=[C>A] as

P(S = [C>A]) = sum_{l, r} P(L=l, S=[C>A], R=r), where L and R denote the -1 and +1 flanking
bases, and P(L=l, S=[C>A], R=r) is one of the 96 probabilities in the input "COSMIC signature".
This approach does not rely on the pmsignature assumption of independence. (This
solution does not make it possible to consider "PM signatures" with more than two flanking
bases, but in any case the information about such extra bases is lost when converting "PM
signatures" to "COSMIC signatures" using the method described in the paper). Have the
authors explored this other method? A comment on this point could possibly help clarifying
the reason why the authors have decided to rely on the independence assumption.

> I'suggest to add a figure with the heatmap showing the cosine similarity between the
original 27 "PM signatures" and the 30 v2 "COSMIC signatures". This would help
understanding the type of correspondence between the two databases.
Minor point:
"Implementation" paragraph, line 6: pm-signature -> pmsignature.
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Is the rationale for developing the new software tool clearly explained?
Yes

Is the description of the software tool technically sound?
Partly

Are sufficient details of the code, methods and analysis (if applicable) provided to allow
replication of the software development and its use by others?
Yes

Is sufficient information provided to allow interpretation of the expected output datasets
and any results generated using the tool?
Yes

Are the conclusions about the tool and its performance adequately supported by the
findings presented in the article?
Partly
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Reviewer Expertise: Applied statistics, biostatistics.

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

Zhi Yang, Keck School of Medicine of the University of Southern California, 2001 N.Soto
Street, Los Angeles, USA

This paper presents an original online tool for comparing mutational signatures
represented according to two alternative formats, namely COSMIC vectors with the relative
frequencies of the 96 types of substitutions on one side’, and lower dimensional
"pmsignature" vectors on the other side’. The article is well written and the method behind
the tool is clearly explained. The interactive tool runs smoothly and has the potential to
provide useful support to researchers running mutational signature analyses using
alternative frameworks.

My comments:
o One important point worth stressing is that the proposed solution for comparing "PM
signatures" and "COSMIC signatures" is to represent the former lower dimensional
probabilistic vectors in the larger space of the latter vectors. This is clearly explained
in the methods, but I believe it is worth mentioning explicitly that this happens even
when the input is of the COSMIC type.
Response: We now summarize explicitly the tasks the software performs at the end of the
introduction: “iMutSig, an easy-to-use tool that allows users to 1) input a new mutational
signature, 2) compare it using Cosine similarity to all published signatures from both the
COSMIC and PM-signature databases, 3) identify the most similar signatures previously
reported, and 4) to assemble the information characterizing those signatures using simple
point-and-click navigation.”

My major concern is that the described method relies on the pmsignature

assumption of independence between the mutation features. Could the authors

comment about the possible limitations entailed by this assumption?
Response: We are not recommending one method over another, but are providing a means
for comparing signatures that are estimated under the different modeling assumptions.
One can transform the format of either signature type to the format used by the other
signature type (PM signature to COSMIC or COSMIC to PM signature). In the original
submission we only considered expanding the PM signature to the COSMIC format. In this
revision we have added the capability of collapsing the COSMIC signature to the PM
signature format (see response to next comment). These are not symmetric activities and
can lead to differences in the identification of most similar signature from the opposite
model. The new method of ‘collapsing’ the COSMIC signature is described in the section:
“Methods/Implementation”. The consequences for identifying the most similar signature of
the opposite type are described in the last paragraph under “Methods/Operation”.

o In my understanding, another possibility would have been to represent "COSMIC
signatures" as 11-dimensional "PM signatures" by eliminating through summation
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two features out of three. For instance, one could compute the "PM signature"
component representing the probability of the substitution S=[C>A] as
P(S = [C>A]) = sum_{l, r} P(L=l, S=[C>A], R=r), where L and R denote the -1 and
+1 flanking bases, and P(L=l, S=[C>A], R=r) is one of the 96 probabilities in the input
"COSMIC signature". This approach does not rely on the pmsignature assumption of
independence. (This solution does not make it possible to consider "PM signatures"
with more than two flanking bases, but in any case the information about such extra
bases is lost when converting "PM signatures" to "COSMIC signatures" using the
method described in the paper). Have the authors explored this other method? A
comment on this point could possibly help clarifying the reason why the authors have
decided to rely on the independence assumption.
Response: Thank you for this suggestion. As we noted in our response to your last point, we
have added this additional comparison to the app using a function implemented in the
decompTumor2Sig package. Interestingly, the cosine similarity values tend to be higher
using the above method. We interpret this in the paper as follows: “When a COSMIC
signature is collapsed to the PM signature format the independence assumption is imposed
on both signature types. However, when a PM signature is expanded to the COSMIC
signature format, the PM signature probability vector still represents the fit under feature
independence whereas the COSMIC signature does not. This difference in model
assumptions results in lower estimates of cosine similarity.” (section Methods/Operation).

» Isuggest to add a figure with the heatmap showing the cosine similarity between the
original 27 "PM signatures" and the 30 v2 "COSMIC signatures". This would help
understanding the type of correspondence between the two databases.

Response: The heatmap is now added to the Shiny app and the manuscript.

Minor point:
. "Implementation" paragraph, line 6: pm-signature -> pmsignature.
Response: We have corrected this typo in this version of the manuscript.

Competing Interests: No competing interests were disclosed.

Reviewer Report 22 June 2020
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? Adrian Baez-Ortega
Transmissible Cancer Group, Department of Veterinary Medicine, University of Cambridge,
Cambridge, UK

Yang et al. present an interactive software tool, iMutSig, which allows comparison between two
alternative mathematical representations of mutational signatures. Both of these representations

Page 18 of 24


https://doi.org/10.5256/f1000research.26954.r64568
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

F1000Research 2020, 9:586 Last updated: 27 NOV 2020

are widely used, but are remarkably different in their visual aspect, making intuitive comparisons
difficult. To my knowledge, this is the first openly available method for comparison between
signatures expressed in these two alternative representations.

The methods implemented for conversion between signature representations and for comparison
between signatures are straightforward and based on a widely used similarity measure; although
the main formula in the paper is incorrect, this mistake does not appear to extend to the
implementation. Instead of simply reporting the most similar signature to the chosen signature,
the tool provides information about the similarity of the chosen signature to all the signatures
available in the alternative representation, allowing better assessment of the results. The user
interface is thoughtfully and tastefully designed, making the tool both easy and pleasant to use.
All the offered functionalities appear to work correctly and the platform runs smoothly. The
authors provide their tool as an interactive website, as well as current and archived versions of the
source code. However, there is a lack of information about how to install and run the software
locally as an R package, which would increase the long-term usability of the tool.

Below I provide comments regarding major and minor issues in the article and online tool. I also
provide a few optional suggestions that may be safely ignored, but which I think would enhance
the functionality of the tool.

MAJOR COMMENTS

1. Implementation, paragraph 2: The formula for the cosine similarity defined in Equation 2 is not
correct. While it is true that

CS(P.QY=(P-O/([IP|-TICI])

it is not true that

CS(P,C) = sum(P_i * C_i) / (sum(P_i) * sum(C_i)).

The correct formula for the third part of Equation 2 would be:
CS(P,C) = sum(P_i * C_i) / (sqrt(sum(P_i~2)) * sqrt(sum(C_i*2)))
(see here).

Please ammend this formula, and make sure that it gives the same values as the formula you have
defined in your code (function getCosDistance).

MINOR COMMENTS

2, Introduction, paragraph 1: This is somewhat inaccurate, in the sense that it is the cells in an
organism's tissues that are exposed to mutational processes throughout the organism's life, and
each cell or tissue develops its own mutational profile. The existence of a "unique mutational
profile" thus may be better described as a property of a tissue, organ or tumour: it is not really
accurate to say that each human has "his/her unique mutational profile", as this varies widely
across tissues (e.g. cells in the blood, skin, liver, and colon have very different mutational spectra),
and the differences among individuals also tend to be tissue-specific.

3. Introduction, paragraph 3: in the sentence where the motivation for PM signatures is
mentioned ("due to it requiring fewer parameters"), it might be appropriate to add a brief note
that the assumption of independence between substitution type and flanking bases also limits the
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representation of patterns where these features are dependent, although this is seen in relatively
few COSMIC signatures (e.g. SBS8, SBS25, SBS35).

4. Implementation, paragraph 1: it would be useful to complement the example in Table 1 and
Equation 1 with a figure that shows the original PM signature in Table 1, and the equivalent
COSMIC signature that results from applying Equation 1 to each of the 96 substitution types. This
would help the reader to understand the conversion between both graphical representations,
which is shown in later figures.

5. Note that reference 5 has an updated version: Omichessan, Severi & Perduca (201 9)'.
6. Note that reference 6 is missing a colon between the author list and title.

7. The "About iMutSig" web page states that "On the Github page, you can: - install the iMutSig R
pacakge and run it locally." However, on the GitHub page I found no instructions on how the
package can be installed and run locally using R and Shiny. While T understand that the main
purpose of the platform is to be an online tool, some users may be interested in having a local
copy. For example, the availability of the tool seemed somewhat variable: I was able to access the
website (https://zhiyang.shinyapps.io/imutsig/) on 17 June, but not on 18 June. Although this might
be a rare issue, it highlights the advantage of providing users with an alternative way of accessing
the tool in the long term. For example, some simple steps for installation and running could be
added as a README.md file on the GitHub repository.

8. Note that, in the platform interface, some of the signature names read "COSIMIC" instead of
"COSMIC".

OPTIONAL SUGGESTIONS

9. [ found it strange that in the tabs "COSMIC to pmsignature" and "pmsignature to COSMIC", the
drop-down menus for choosing the COSMIC and PM signatures to compare are located in the
middle of the interface, below the top panels that show the chosen signature. It seems to me that
it would be more intuitive to place the selection menus at the top of the page, although I might be
wrong.

10. The authors might consider extending the user-supplied signature mode to allow the user to
input a set of signatures, and then select the signature to compare using a drop-down menu (as in
the other comparison modes), as it is likely that users will be interested in analysing sets of
signatures, rather than single signatures. However, I understand this might not be
straightforward to implement.

11. Another potential extension could be an additional mode in which comparison could be
performed between two sets of user-supplied signatures (each of which could be in COSMIC or PM
format), in order to find the best one-to-one match between the signatures.

References

1. Omichessan H, Severi G, Perduca V: Computational tools to detect signatures of mutational
processes in DNA from tumours: A review and empirical comparison of performance.PLoS One.
2019; 14 (9): 0221235 PubMed Abstract | Publisher Full Text
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Is the rationale for developing the new software tool clearly explained?
Yes

Is the description of the software tool technically sound?
Partly

Are sufficient details of the code, methods and analysis (if applicable) provided to allow
replication of the software development and its use by others?
Yes

Is sufficient information provided to allow interpretation of the expected output datasets
and any results generated using the tool?
Yes

Are the conclusions about the tool and its performance adequately supported by the
findings presented in the article?
Yes

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Computational biology, Bioinformatics.

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

Zhi Yang, Keck School of Medicine of the University of Southern California, 2001 N.Soto
Street, Los Angeles, USA

We are very grateful to the reviewers for their comments and suggestions. We give detailed
responses to each of those comments below.

MAJOR COMMENTS

1. Implementation, paragraph 2: The formula for the cosine similarity defined in Equation 2
is not correct. While it is true that

CS(P,Q) = (P-O /(| IP[I-]IC| )

it is not true that

CS(P,C) = sum(P_i * C_i) / (sum(P_i) * sum(C_i)).

The correct formula for the third part of Equation 2 would be:
CS(P,C) = sum(P_i * C_i) / (sqrt(sum(P_iA2)) * sqrt(sum(C_i*2)))
(see here).
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Please amend this formula, and make sure that it gives the same values as the formula you
have defined in your code (function getCosDistance).

Response: The formula has been corrected in this new version of the manuscript. We have
also verified that the formula was correctly implemented in the getCosDistance function in
the software (see below).

getCosDistance <- function(F_1, F_2) {

if(length(F_1)!=length(F_2)){
geterrmessage("Two signatures have different number of bases!")
}

cos <- sum(F_1*F_2)/(sqrt(sum(F_1A2))*sqrt(sum(F_2/2)))
return(cos)

}

MINOR COMMENTS

2. Introduction, paragraph 1: This is somewhat inaccurate, in the sense that it is the cells in
an organism's tissues that are exposed to mutational processes throughout the organism's
life, and each cell or tissue develops its own mutational profile. The existence of a "unique
mutational profile" thus may be better described as a property of a tissue, organ or tumour:
it is not really accurate to say that each human has "his/her unique mutational profile", as
this varies widely across tissues (e.g. cells in the blood, skin, liver, and colon have very
different mutational spectra), and the differences among individuals also tend to be tissue-
specific.

Response: We agree that our phrasing was poorly chosen here. We have altered the text to
reflect this comment. The text now says “These processes result in a catalog of somatic
mutations in the tissue creating...”.

3. Introduction, paragraph 3: in the sentence where the motivation for PM signatures is
mentioned ("due to it requiring fewer parameters"), it might be appropriate to add a brief
note that the assumption of independence between substitution type and flanking bases
also limits the representation of patterns where these features are dependent, although
this is seen in relatively few COSMIC signatures (e.g. SBS8, SBS25, SBS35).

Response: We have added a sentence addressing this disadvantage of using the
independence assumption. “However, the independence assumption might prevent
signatures with dependent bases from being discovered, thereby resulting in fewer
signatures.”
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4. Implementation, paragraph 1: it would be useful to complement the example in Table 1
and Equation 1 with a figure that shows the original PM signature in Table 1, and the
equivalent COSMIC signature that results from applying Equation 1 to each of the 96
substitution types. This would help the reader to understand the conversion between both
graphical representations, which is shown in later figures.

Response: : As requested, we have added a new Figure 1 that shows the signature in Table
1 and the ‘expanded’ signature in COSMIC format to help illustrate Equation 1.

5. Note that reference 5 has an updated version: Omichessan, Severi & Perduca (2019)’.
Response: Reference 5 is now updated.

6. Note that reference 6 is missing a colon between the author list and title.

Response: : The colon has been added to reference 6.

7. The "About iMutSig" web page states that "On the GitHub page, you can: - install the
iMutSig R pacakge and run it locally." However, on the GitHub page I found no instructions
on how the package can be installed and run locally using R and Shiny. While I understand
that the main purpose of the platform is to be an online tool, some users may be interested
in having a local copy. For example, the availability of the tool seemed somewhat variable: I
was able to access the website (https://zhiyang.shinyapps.io/imutsig/) on 17 June, but not
on 18 June. Although this might be a rare issue, it highlights the advantage of providing
users with an alternative way of accessing the tool in the long term. For example, some
simple steps for installation and running could be added as a README.md file on the GitHub
repository.

Response: Thank you for the suggestion. A new README.md file was added to the GitHub
repository (https://github.com/USCbiostats/iMutSig) providing instructions on how to install
the necessary packages and host the app locally. The website failure on June 18t resulted
from a scheduled automatic downloading procedure which exceeded the server response
time. Subsequently, we found that the COSMIC website posted new versions of signatures
(v3.1) under a different website, allowing us to remove the automatic download procedure
and avoid such an issue in the future.

8. Note that, in the platform interface, some of the signature names read "COSIMIC" instead
of "COSMIC".

Response: Those typos have been corrected.

OPTIONAL SUGGESTIONS

9. I found it strange that in the tabs "COSMIC to pmsignature" and "pmsignature to
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COSMIC", the drop-down menus for choosing the COSMIC and PM signatures to compare
are located in the middle of the interface, below the top panels that show the chosen
signature. It seems to me that it would be more intuitive to place the selection menus at the
top of the page, although I might be wrong.

Response: The dropdown menu for selection is now at the top of the webpage.

10. The authors might consider extending the user-supplied signature mode to allow the
user to input a set of signatures, and then select the signature to compare using a drop-
down menu (as in the other comparison modes), as it is likely that users will be interested in
analysing sets of signatures, rather than single signatures. However, I understand this
might not be straightforward to implement.

Response: Thank you for the suggestion. Indeed, allowing multiple signature inputs will
require introducing a drop-down menu in order to maintain the current layout. Although
not incorporated at this time, we plan to add this feature in the future.

11. Another potential extension could be an additional mode in which comparison could be
performed between two sets of user-supplied signatures (each of which could be in COSMIC
or PM format), in order to find the best one-to-one match between the signatures.

Response: Thank you for this suggestion as well. In the future, we also plan to add this
feature by adding a tab allowing the comparison between user-supplied signatures.

Competing Interests: No competing interests were disclosed.
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