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The effect of driver gene selection

Preselecting driver genes is sensible since only driver genes mutate in certain
orders. Passenger mutations mutate in a random order. Adding all the pas-
senger mutations introduces noise in the estimates and make the estimation
computationally difficult. For a sample having n mutations, to calculate the
likelihood of the sample, we sum up the probabilities of all possible orders,
which is the sum of n! probabilities. If we include all mutations, n will be
quite large for some tumor samples. For example, in the lung cancer data,
in which 623 genes were sequenced, the number of mutations in one sample
is 54, which makes the computation difficult.

We will show how the result is affected as the cutoff for selecting driver
genes changes. In our paper, we used the method of Youn and Simon (2011)
3 to select 28 driver genes for lung cancer data with the false discovery rate
(FDR) controlled at 5%. If we loosen the cutoff to FDR level 0.2, 40 driver
genes are selected. Table D presents the estimates P} obtained from using
40 driver genes and the estimates P,ffj obtained from 28 driver genes. It shows
that including more driver genes does not affect the result much. The values
of P and P73 are very similar for k = 1,2. Differences between those values
increase for k = 3. This is mainly caused by somewhat large values of P,fg for
k = 3 for some of the extra 12 genes added under FDR 0.2. Especially, the
gene GNAS, PIK3C3, PDGFRA, INSRR have large values of P9 for some
k. Of the extra 12 genes, these are the ones that mutate most frequently
and whose p values are smallest. These genes all mutate in samples with at
least three mutations, thus have large values of P} for some of k& 2 3. Other
genes have very small values of Pli? for most of k, that they do not affect the
result much. This result implies that adding some background genes which
mutate infrequently does not affect the estimates of important driver genes.

Glioblastoma multiforme sequencing data anal-
ysis

We analyzed glioblastoma multiforme cancer sequencing data which is avail-
able from the TCGA data portal. (http://tcga-data.nci.nih.gov/tcga/) There
were a total 148 samples in which 601 genes were sequenced in common.
We identified nine tumor driver genes using the method of Youn and
Simon (2011)3 with the false discovery rate controlled at 5%. Since there



Table D: Estimates of P9 and P23 for lung cancer data

Cewe PP P PR PN PR Pm PR PN PR
EGFR 0.2 0.2 0.04 0.05 0 0 0 0 0 0
EPHAS5 0 0 0 0 0.09  0.07 0 0.09 0 0
CDKN2A  0.01 0.02 0 0 0.04 0.03 0 0 0.09 0.19
FGFR4 0.01 0.01 0.03 0.03 0 0 0 0 0.05 0.08
EPHA3 0 0.02 0 0 0.07 0 0.11  0.15 0 0.07
MYO3B 0.02 0.02 0.01 0.01 0 0 0.06 0.08 0 0
ERBB4 0.02  0.03 0 0 0 0 0.11  0.08 0 0.04
EPHA7T 0 0 0 0 0.02  0.04 0 0 0.05 0.07
KRAS 0.41 041 0.01 0.01 0 0 0 0 0 0
KDR 0.01  0.01 0 0 0 0 0.14 0.19 0 0
INHBA 0 0 0 0 0.02  0.05 0.05 0 0 0
LTK 0 0 0 0 0.04 0.03 0 0 0.05 0.14
APC 0 0 0.04 0.04 0.05 0.06 0.05 0 0 0.04
NTRK3 0 0 0 0.02 0.1 0.1 0 0 0 0
PTPRD 0.01 0.01 0.01 0.02 0.02 0.05 0 0.1 0.09 0
LRP1B 0.02  0.01 0 0 0.1  0.06 0 0.28 0.06 0
NTRK2 0 0 0 0 0.03 0.04 0 0 0.06 0.1
PTEN 0.01  0.01 0 0 0.03  0.04 0 0 0 0
PAK3 0 0 0 0 0 0.05 0 0 0.06 0
ZMYND10 0 0 0.03  0.03 0 0 0 0 0 0
NF1 0.05 0.05 0.01 0.01 0.02 0.04 0 0 0.08 0.12
RB1 0.01 0.01 0 0 0.03  0.04 0 0 0.08 0.15
NRAS 0.02  0.02 0 0 0 0 0 0 0 0
TFDP1 0.01  0.01 0 0 0 0.04 0.06 0 0 0
ATM 0 0 0.08 0.11 0.06 0.04 0 0 0 0
STK11 0.11  0.12 0.12 0.07 0 0.17 0.13 0 0.02 0
TP53 0.03 0.04 0.54 0.56 0 0 0 0.04 0.03 0
NTRK1 0 0 0.04 0.04 0 0.05 0.03 0 0.04 0
MERTK 0 0.01 0.03 0 0.03
FYN 0.01 0 0 0 0
GNAS 0 0 0.09 0 0
JAK2 0.01 0 0.02 0 0.03
INSRR 0 0.01 0 0 0.08
ERAS 0 0 0.01 0.03 0
PRKACB 0 0 0.02 0 0.01
ROR2 0 0 0.06 0 0
PIK3C3 0 0 0 0.09 0
PIK3CG 0.01 0 0 0 0.04
PDGFRA 0 0 0 0.14 0
PTPN11 0 0.01 0.03 0 0
TP73L 0.02 0 0 0 0.03




Table E: Estimates of P ; for glioblastoma multiformes

Gene Py Py ; P3; Py
MLE 90% CI MLE 90% CI1 MLE 90% C1 MLE 90% CI1

CHEK2 008 (005,014) 009 (001,02) 004 (0,026) 009 (0,033)
EGFR 015 (0.1,023) 017 (0.09,033) 0 (0,0.15) 0 (0,0.21)
ERBB2 0.02 (0,0.08) 0.06 (0,0.14) 0.12 (0.01,0.32) 0.27 (0.03,0.64)

NF1 004 (0,013) 022 (004,035) 017  (0,037) 018  (0,0.68)
PIK3CA 006 (0.05,013) 0 (0,0) 0 (0,0.07) 0 (0,012)
PIK3R1  0.07 (0.03,013) 0 (0,018)  0.18 (0,04) 001  (0,023)
PTEN 032 (017,041) 0 (0,0) 0.2 (0,0.63) 0 (0,0.16)

RB1 0 (0,003) 013 (002,029) 014 (0,038) 004 (0,0.19)

TP53 024 (0.13,035) 033 (0.17,053) 014  (0,0.44) 0.4 (0,0.78)

are few samples which have more than four nonsilent mutations, we assumed
P,; = P4,i for n > 4. The MLE of P, ;, P»;, P, P4, are shown in Table E
with 90% confidence interval. It shows that the first mutational event occurs
mainly in EGFR, PTEN, TP53. The estimated probability that the first
mutation occurs in EGFR is 0.15 with a 90% CI (0.1,0.23). The probability
in PTEN is 0.32 with a 90% CI (0.17,0.41) and that in TP53 is 0.24 with a
90% CI (0.13,0.35). The second mutational event mainly occurs in EGFR,
NF1,RB1,TP53 with the probability 0.17,0.22,0.13,0.33 respectively. The
third mutational event occurs most frequently in PTEN although its value
of Ps; is only 0.2 and its CI covers 0. There are many other genes with small
values of P;; and the CIs of all genes except ERBB2 cover 0. The fourth
mutational event mainly occurs in ERBB2, NF'1, TP53 with the probability
0.27, 0.18, 0.4.

We calculated the conditional probability that a gene mutates early (a
gene mutates at the k'th event for k < 2) or late (a gene mutates at the
k'th event for k > 2) given that the gene is mutated in the sample. Table F
shows the conditional probabilities and their 90% CIs. It shows that EGFR
mutates early for sure and this is consistent with the conclusion from the
lung cancer data analysis. PTEN mutates early more frequently than late
and RB1 mutates late more frequently than late. This is also consistent with
the conclusion from the lung and colon cancer analysis. ERBB2 mutates late
and PIK3CA mutates early. TP53 mutates late more frequently than early
although its estimated value of Py ; is large for every k = 1,2, 3, 4.



Table F: Probabilities that observed mutations occur early* or late* for
glioblastoma multiformes

Gene Early 90% CI Late 90% CI

CHEK2  0.41 (008,1) 071 (0,0098)
EGFR 1 (1,1) 0 (0,0)
ERBB2  0.12 (0,032) 096  (0.67,1)

NF1 039 (0.18,0.73) 0.82 (0.58,0.98)
PIK3CA 1 (1,1) 0 (0,0)
PIK3R1  0.27 (011,1) 079  (0,0.94)
PTEN 0.7 (044,1) 044  (0,0.75)

RB1 0.37 (006,1) 072 (0,0.97)

TP53 055 (0.38,067) 09 (0.76,0.99)

*early means 14 or 2,4 event and late means later events
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