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Supplementary table 1. Two-Entropy Analysis parameters for GDC and 1000 Genomes sets in all GPCR classes analyzed combined and independently. Shannon (Sh.)
and Average group (Gr.) entropy mean and standard deviation (SD) values for all three levels of mutation rates: low (< 10" percentile), medium (10™ -90™" percentile),

and high (>90™" percentile).

GDC 1000 Genomes

Low Medium High Low Medium High

Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD
Class 10t/90t Sh. Gr. Sh. Gr. Sh. Gr. 10t/90t Sh. Gr. Sh. Gr. Sh. Gr.

percentiles percentiles

All class | 41/74 045+ | 041+ | 032+ | 032+ [0.30+ |0.28+ | 18/40 040+ | 033+ [031+ [031+ |034+ |039+

0.38 0.27 0.08 0.12 0.10 0.13 0.30 0.23 0.09 0.12 0.08 0.12
Class A | 28/55 040+ | 034+ | 039+ |032+ [0.38+ |0.32+ |10/25 038+ | 028+ [0.39+ [0.32+ |041+ | 038+

0.25 0.19 0.13 0.13 0.16 0.15 0.22 0.17 0.14 0.13 0.10 0.12
ClassB1 | 1/5 - - 041+ 035+ | 039+ [034+ [1/5 - - 042+ | 035+ | 0.53 0.49 +

0.26 0.30 0.23 0.28 0.25 0.29 +0.26 | 0.29

ClassB2 | 3/9 053+ | 045+ | 046+ | 043+ (043 037 |2/9 043+ | 040+ [047+ | 043+ [041% |039%

0.17 0.21 0.18 0.21 0.23 0.22 0.18 0.20 0.18 0.21 0.14 0.12
Class B 4/13 062+ | 059+ 044+ |038+ [041+ |034+ |3/13 052+ | 047+ | 045+ | 039+ | 046+ | 040

0.22 0.26 0.15 0.19 0.25 0.24 0.25 0.26 0.16 0.2 0.14 0.14
Class C 1/6 - - 048+ 039+ | 045+ |039+ |1/4 - - 050+ | 040+ [050+ |0.46=

0.17 0.18 0.17 0.16 0.18 0.19 0.14 0.11

ClassF* | - - - - - - - - - - - - - -
ClassT™* | - - - - - - - - - - - - - -
Other - - - - - - - - - - - - - -
GPCRs *

* Two Entropy Analysis was not performed in classes with only one GPCRdb subfamily defined.



Supplementary table 2. GPCR classes analyzed, number of members per class and GPCRdb subfamilies defined in the Two-Entropy Analysis.

Class Number of receptors in GPCRdb hierarchy levels
alignment (subfamilies)
All class 401 83
Class A (Rhodopsin) 289 61
Class B* 48 14
Class B1 (Secretin) 15 5
Class B2 (Adhesion) | 33 9
Class C (Glutamate) 22 5
Class F (Frizzled) 11 1
Class T (Taste 2) 25 1
Other GPCRs 6 1

* Synthetic class formed by aggregation of Class B1 and Class B2 to facilitate the analysis of class-specific functional motifs described in the literature.
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Supplementary figure 1. Shannon entropy across GPCR subfamilies versus Shannon global Entropy
correlated to cancer-related mutations, with residue and GDC labels. A two-entropy analysis plot for all GPCRs
with aligned positions and labelled residues. The average entropy across families, i.e. conserved within a family is
on the x-axis, and the Shannon entropy overall on the y-axis. Residues are colored by the frequency of mutations
found in the GDC dataset, with blue being low (< 10th percentile), orange medium (10-90th percentiles) and red
high (> 90th percentile). Residues with no defined Ballesteros-Weinstein labels are colored grey. Blue, orange, red,
and grey lines represent the mean entropy values for each axis per mutation range (high, medium, low, and non-
defined Ballesteros-Weinstein, respectively). Blue, orange, red, and grey shadows represent the standard deviation
to the mean entropy values for each axis per mutation range (high, medium, low, and non-defined Ballesteros-
Weinstein, respectively).
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Supplementary figure 2. Two-entropy analysis correlated to cancer-related mutations and natural variance across GCPR classes. The analysis is performed on all GPCR
classes combined, as well as Class A-C independently. Residues are colored by the frequency of mutations found in the GDC dataset (top row), and the 1000 genomes dataset
(bottom row). In the all-class analysis, blue is low (< 10" percentile), orange medium (10-90" percentiles) and red high (> 90™" percentile) mutation frequency. Residues with no
defined Ballesteros-Weinstein generic numbers are colored grey. Blue, orange, red, and grey lines represent the mean entropy values for each axis per mutation range (high,
medium, low, and non-defined Ballesteros-Weinstein, respectively). Blue, orange, red, and grey shadows represent the standard deviation to the mean entropy values for each
axis per mutation range (high, medium, low, and non-defined Ballesteros-Weinstein, respectively). The coloring scheme classes A-C is equivalent to that of all classes combined.
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Supplementary figure 3. Enrichment of mutation frequencies per GPCR functionally conserved motifs across
all GPCR classes. Length-normalized mutation ratio enrichment in the GDC dataset over the 1000 Genomes
dataset in all classes combined and independently. Motifs analyzed are “DRY”, “CWxP”, and “NPxxY” (Class A);
‘HETx”, "RE”, “GWGxP”, and “PxxG” (Class B); and “R/K (Class F)”. “Average” represents the average ratio
considering the totality of the protein length. A darker shade of red represents a higher enrichment over the GDC
dataset, and a darker shade of blue represents a higher enrichment over the 1000 Genomes dataset.
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Supplementary figure 4. Mutation frequency cancer and natural variance in GPCR functionally conserved
motifs across GPCR classes. Motifs analyzed are “DRY”, “CWxP”, and “NPxxY” (Class A); "HETx”, ‘RE”,
“‘GWGxP’, and “PxxG” (Class B); and “R/K (Class F)”. (a) Analysis of all GPCR classes combined. (b) Analysis of
Class A. (c) Analysis of Class B. (d) Analysis of Class B1. (e) Analysis of Class B2. (f) Analysis of Class C. (Q)

Analysis of Class F. (h) Analysis of Class T. (i) Analysis of Class Other GPCRs.
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Supplementary figure 5. GPCR cancer mutations on Ballesteros-Weinstein positions. GPCR cancer mutations plotted for the Ballesteros-Weinstein positions found in the
GDC data. Positions are ordered from lowest to highest and X-axis labels are displayed every five residues for visualization purposes.
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Supplementary figure 6. Heat-map cancer substitutions. (a) Heat-map showing the frequency of substitutions
found in the GDC dataset. A darker shade of red means a higher frequency. (b) Heat-map showing the frequency
of substitutions found in the 1000 Genomes dataset. A darker shade of blue means a higher frequency
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Supplementary figure 7. Average Rank of GPCR families and their link to cancer in the literature. Average
rank of GPCR families related to the mutation ratio in individual family members. For each GPCR, the absolute
mutation count was divided by receptor length, to provide a mutation rate for each. To identify patterns within GPCR
families, a family-wide rank was calculated by averaging the ranking of each of the members in a family and
subsequently compared to the other families Shown on the y-axis are the different GPCR families as categorized
by GPCRdb, while on the x-axis their average rank as a receptor family is given. The lower average rank value, the
better. The error bars represent standard deviation of individual GPCR rankings within the family. Color-coding
represent the link to cancer in the literature for the family. Red represents a strong link (i.e. all members of the family
have been linked to cancer), salmon represents partial link (i.e. some members of the family have been linked to
cancer), and grey represents no link to cancer reported.
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Supplementary figure 8. GPCR mutation rates by cancer type. Normalized GPCR mutation rate per primary site
(i.e. cancer type). Mutation rate per primary site is normalized by the number of patients in GDC with that cancer

type.



Total entropy

Supplementary figure 9. Two-entropy analysis re-implementation. (a) Re-implementation of two-entropy analysis
in a synthetic dataset as defined by Ye et al. in %. (b) Original analysis, figure adapted from Ye et al. in 2°.
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