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Figure S1. Illustration of analysis procedure of cancer associated synonymous mutations. Firstly, the

distribution and mutational patterns of synonymous mutations from TCGA across 15 cancer types were

investigated. Secondly, the comparison of synonymous mutational signatures between TCGA and

1000G at nucleotide and amino acid levels was made. Meanwhile, 97 hotspot mutations in 83

hotspot-mutation-containing-genes were nominated as potential drivers by considering the mutational

rates across different mutational subtypes. And the common and diverse mutational signatures of

hotspots, neutral synonymous mutations of HMCGs in 1000G and non-hotspots of HMCGs in TCGA

were observed.
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Figure S2. Correlation between percentages of synonymous mutations and codon numbers of amino

acids in TCGA (A) and 1000G (B). The x-axis represents the codon numbers of amino acids and y-axis

represents the percentage of synonymous mutations.
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Figure S3. Distribution of synonymous hotspot mutations across cancer types (A) and genes (B). The

color bar in panel B is corresponded to the cancer types in pane A.

Table S1. Synonymous codons of amino acids with optimal and non-optimal codons for human
genome (Supek F, et al. Cell. 2014;156:1324-1335).

AA Optimal Non-optimal AA Optimal Non-optimal
codon codon codon codon
Leu (L) CTT CTA Arg (R) CGT AGA
CTG CTC AGG
TTA CGA
TTG CGC
CGG
Ser (S) AGC AGT Ala (A) GCT GCC
TCT TCA GCA
TCC GCG
TCG




Gly (G)

Thr (T)

e (1)

Asp (D)

Phe (F)
Lys (K)

GIn (Q)

GGC

ACT

ATT

GAC

TTC

GGA
GGG
GGT
ACA
ACC
ACG
ATA
ATC
GAT

TTT
AAA
AAG
CAA
CAG

Pro (P)

Val (V)

Cys (C)

Glu (E)

His (H)
Asn (N)

Tyr (Y)

CCT

GTG

TGC

CAC
AAC

TAC

CCA
CCC
CCG
GTA
GTC
GTT
TGT

GAA

GAG
CAG

TAT

* «” represents amino acid without optimal codon.

Table S2. Hotspot synonymous mutations across different cancer types in TCGA dataset

Gene AA Mutatio Mutation  Mutation adj.p-valu  Cancer type
position ncount  subtype positions e
(GRCh37)
CHEK?2 S372 35 NC_CGts  22:29091841C/T 2.62E-29 CNST, ENAD,
KICA, INAD,
PRAD, UTCA
TP53 T125 28 NC_CGtv  17:7579312G/T  3.57E-20 INAD, LICA,
LUAD, OVCA
TP53 T125 28 NC_CGtv  17:7579312G/C  3.57E-20 BRCA, STAD
FYB A2 20 NC_CGts  5:39203057G/A  4.43E-15 BRCA, CNST,
SKCA, STAD
MLLT3 S168 21 NC_CGts  9:20414340C/T  7.11E-15 CNST, ENAD,
KICA, INAD,
PRAD, SKCA
UPF3A Lo1 19 C_CGts 13:115047559C/ 9.44E-14  CNST, KICA,
T SKCA, UTCA
ANK?2 L1097 17 NC_CGts  4:114254274C/T  7.87E-13 CNST
MXRA5 G792 12 NC_CGts  X:3241350G/A  8.30E-09 SKCA
TTN P68 15 NC_CGts  2:179666956C/T  2.91E-07 INAD, SKCA
FKBP9 L496 13 NC_CGts  7:33042403C/T  1.76E-06 CNST
TNRC18 R1998 16 C _CGtv 7:5372406C/A 2.01E-06 INAD
TTN P6 14 NC_CGts  2:179669352G/  2.10E-06 INAD, STAD
A
SCN2A V1532 12 NC_CGtv  2:166243300C/A 5.85E-06 ENAD, INAD
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