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we searched within the extended promoter re-
gions of Prox and Dist groups for the presence
of 232 additional functional DNA elements (26)
(fig. S8E), only the GAGA element, residing ~80
base pairs (bp) upstreamof the TSS (3, 15), showed
strong associations with Prox genes (Fig. 3B),
as did the level of GAGA-factor binding (27).
Thus, core promoter elements and GAGA factor
appear to play an important role in the mecha-
nism of pausing.

Pausing positions could be determined through
direct tethering of elongating Pol II to promoter
elements. Alternatively, in a “complex interaction”
model, pausing could be mediated through pro-
tein complexes that function best when cognate
elements are located at specific positions in the
core promoter. Thus, if we examine the asso-
ciation of the positions of the DNA elements
and the pausing sites in this model, we expect a
V-shaped plot of association rather than a simple
linear correlation. Displacement of the element
from the optimal position will weaken the in-
teractions within the core complex, resulting in
downstream scattering and a reduced level of
pausing (Fig. 3C). To test this, we examined
genes in which a particular promoter DNA ele-
ment occurs only once, and divided genes into
three subsets: the optimal consensus position,
upstream, and downstream. Genes with the DNA
elements nearest to the consensus positions showed
more proximal pausing. Genes with TATA near
–30 had more proximal pausing than genes with
TATA at positions of –40 or more, showing a
V-shaped association (Fig. 3D). ThisV patternwas
observed in both the upstream elements TATA
and Inr (fig. S9A) and the downstream elements
PB (Fig. 3D) and MTE (fig. S9B). Also, pausing
tended to be stronger in genes with the elements
at the optimal positions (fig. S9D). Furthermore,
the extent of pausing showed strong dependency
on the match of the DNA elements to their con-
sensus sequence and consensus positions (Fig. 3E).
Together, these patterns of association between
core promoter elements and pausing support the
complex interaction model and explain the strong
and focused pausing on Prox promoters.

The complex interaction model depends on
both the presence and the correct positioning of
core promoter elements. We disrupted the posi-
tional relationship of core elements in the well-
studied Drosophila gene Hsp70 (1). Transgenic
fly lines were generated that carry mutant Hsp70
promoters with spacers inserted at the +15 posi-
tion between the upstream and downstream pro-
moter elements (Fig. 4A) and were analyzed by
PRO-seq (fig. S10). The initiation sites remained
constant in these mutant promoters, as indicated
by the 5′ ends of the PRO-seq reads (Fig. 4B).
The transgenic Hsp70 without spacers showed a
strong pause peak mainly at position +31 (Fig.
4D). When a 5-bp spacer was inserted, the pause
peak was shifted 5 to 7 bp downstream from the
original site. Because additional bases were tran-
scribed before pausing, the position of pausing is
not predetermined by elongation distance. When

a 10-bp spacer was inserted, pausing sites be-
came scattered between positions +20 and +60
(Fig. 4D) and had fewer reads (Fig. 4C). Collec-
tively, these results support the core interaction
model and suggest that the interaction complex
can accommodate a small change (5 bp) in the po-
sitional context of the DNA sequences, whereas a
larger change (10 bp) results in reduced and dis-
persed pausing.

The advances in resolution provided by PRO-
seq enable the precise and genome-wide assessment
of the relationship between promoter-proximal
pausing and the core promoter structure. For the
strong and tightly clustered pausing of the Prox
genes, our results provide support for a complex
interaction model involving the promoter initia-
tion complex, which can extend up to 30 bp from
the TSS (28), physically contacting and tethering
the pausing complexes. This may share a kinship
with bacterial initiation factor s, which is retained
within the early elongation complex and inter-
acts with promoter proximal DNA during tran-
scription pausing in Escherichia coli (29). It is
noteworthy that the Prox genes are expressed
on average at a lower level but show a broader
range of expression (fig. S6D), and that the Dist
genes are enriched in constitutively active genes
(table S5). These results suggest that the mech-
anistic distinctions have regulatory consequences.
Awell-structured core promoter may strongly re-
cruit Pol II; however, it can also effectively retain
Pol II in a paused configuration close to the TSS,
until activation signals allow its escape into pro-
ductive elongation.
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Little Emperors: Behavioral Impacts of
China’s One-Child Policy
L. Cameron,1* N. Erkal,2 L. Gangadharan,3 X. Meng4

We document that China’s One-Child Policy (OCP), one of the most radical approaches to limiting
population growth, has produced significantly less trusting, less trustworthy, more risk-averse, less
competitive, more pessimistic, and less conscientious individuals. Our data were collected from
economics experiments conducted with 421 individuals born just before and just after the OCP’s
introduction in 1979. Surveys to elicit personality traits were also used. We used the exogenous
imposition of the OCP to identify the causal impact of being an only child, net of family background
effects. The OCP thus has significant ramifications for Chinese society.

China’s One-Child Policy (OCP) restricts
the number of children that urban couples
can have to one, with exceptions for those

from ethnic minorities or with a severely disabled
child. The policy has given rise to a land of “little
emperors,” whose parents dote on them exclu-

sively. This has led to widespread concern within
China about the social skills of this generation
and the observation that these children tend to
be more self-centered and less cooperative (1–3).
This can be seen in developments such as em-
ployers including phrases like “no single children”
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in job advertisements (4). In March 2007, 30
delegates at the Chinese People’s Political Con-
sultative Conference called on the government to
abolish the policy (5). Their concerns centered
on “social problems and personality disorders in
young people.”

The question about the behavioral consequences
of not having siblings has been of interest in de-
velopmental psychology formanydecades.China’s
OCP provides us with a natural experiment that
allows us to identify the causal impact of being a
single child. Prosocial development is believed to
be shaped by parents as well as by social inter-
actions with peers, including siblings (6). Different
relationships with parents and lack of interaction
with siblings have thus been identified in the
psychology literature as two reasons why only
childrenmay develop differently from their counter-
parts with siblings (7). For example, parents of
only children may be more responsive to their
needs, which may produce a greater sense of se-
curity, confidence, and intellectual competence
(8, 9). Parents of only children may also be more
able to interact with their children in ways that
promote desirable development (10). More atten-
tion from parents can, however, comewith down-
sides in terms of higher expectations and pressure
to succeed in life (11). Only children are often
viewed as disadvantaged as a result of “sibling
deprivation,” which may lead to their being self-
centered, less cooperative, and less likely to get
along with peers (12).

In this paper, we describe how we used tech-
niques from experimental economics to measure
behavioral differences between the pre- and post-
OCP generations. Behavior in economic games
has been widely shown to be correlated with ac-
tions outside the experimental setting (13–18).
We investigated the impact of the OCP on al-
truism, trust, trustworthiness, attitudes toward risk,
and competitiveness. The OCP can be thought of
as a natural experiment that enables us to separate
out the effect of being an only child from the
effects of family background. In addition to our
experimental results, personality survey questions
revealed that the OCP cohorts are also substan-
tially more pessimistic, less conscientious, and
possibly more neurotic.

We conducted experiments with participants
recruited from the general population of Beijing,
where the policy is strictly enforced (19). The
OCP was introduced in 1979. We required par-
ticipants to be born in either 1975 or 1978 (our
pre-OCP cohorts) or in 1980 or 1983 (our post-
OCP cohorts). Participants were also required to
have both parents with urban residency status

(hukou) at the time of the participant’s birth.
This sampling ensured that those in the post-OCP
cohorts were subject to the strictly enforced policy
and that all the cohorts were similar with respect
to their parental hukou status. The final sample
consisted of 421 participants spread evenly across
the birth cohorts 1975, 1978, 1980, and 1983, with
gender balance within these cohorts.

A postexperiment participant survey collected
demographic and socioeconomic information.We
tested the representativeness of our sample by
comparing it with the Beijing subsample of the
National Bureau of Statistics 2009 Urban House-
hold Survey data. Our sample was better educated
than the general population but otherwise similar
(table S1). We carefully controlled for education
in the empirical specifications below.

Table 1 shows the proportion of only children
in each birth cohort. This increased from 27% in
the 1975 cohort to 91% for the cohort born in
1983. The average number of siblings decreased
from 0.97 to 0.12 over the same period (20). The
proportion of single children had increased be-
fore the 1979 introduction of the policy as a result
of other noncompulsory population growth pol-
icies that were precursors to the OCP (fig. S1)
(21). In this paper, we thus identify the behavioral
impact of the OCP relative to the noncompulsory
fertility policies implemented before the OCP.

Although in later years the policy undoubt-
edly reduced the size of extended families, ex-
tended family size differed only slightly between
the pre- and post-OCP cohorts we studied. The
number of cousins declined slightly from an av-
erage of 7.4 to 7.0 cousins (Table 1). We are thus
identifying the impact of growing up as an only
child, not the impact of having a smaller extended
family.

The experiments we conducted are standard
games from the economics literature. The dictator
game (22) is designed to elicit the extent of al-
truism among participants. The trust game elicits
the extent to which participants are able to trust
one another and the extent of their trustworthi-
ness (23). These games are explained in the sup-
plementary materials.

In the risk game (24), each participant is giv-
en 100 yuan (which is approximately U.S. $15)
and the choice to put any amount between 0 and
100 yuan into an “investment,” which yields tri-
ple the amount invested with 50% probability
and 0 with 50% probability. More risk-averse
participants will invest less in the risky option.
The outcome of the investment is decided by the
flip of a coin at the completion of the session.

In the competition game, participants are asked
to add up as many sets of five two-digit numbers
as possible in 5min (25). The numbers are randomly
generated and presented in rows. Participants write
the total in a blank box provided at the end of
the row. Calculators cannot be used, but scrap
paper is provided for handwritten calculations.

Participants are asked to choose between two
different payment schemes. Option 1 is a piece
rate which pays 5 yuan for every sum correctly
completed. In option 2, payments are determined
in a competitive way. Each participant is ran-
domly and anonymously paired with someone
else in the room. S/he is paid 10 yuan for every
sum correctly completed if s/he completes more
sums correctly than the person with whom s/he is
paired, 5 yuan if both participants complete the
same amount of correct sums, and 0 yuan if s/he
loses the competition.

Figure 1 presents the unconditional differences
in behavior between participants born before and
after the OCP, for each of the games. The under-
lying data are presented in table S2 in the sup-
plementary materials. Those born under the OCP
shared slightly less of the endowment in the dictator
game with the other player (40.1% of the endow-
ment on average as compared to 43.4% sent by
those born before the policy’s introduction). The t
test of difference in means is statistically insig-
nificant (P = 0.11). OCP participants on average
were less trusting, sending less to the other player
(46.1 versus 50.6%) and returning less than those
not born under the policy (30.4 versus 35.4%).
Both of these differences are statistically significant.

OCP participants invested significantly less in
the riskier investment (58.1 versus 66.4%). In
the competition game, fewer OCP participants

1Department of Econometrics, Monash University, Clayton,
Victoria 3800, Australia. 2Department of Economics, University
of Melbourne, Victoria 3010, Australia. 3Department of Eco-
nomics, Monash University, Clayton, Victoria 3800, Australia.
4Research School of Economics, College of Business and Ec-
onomics, Australian National University, Australian Capital
Territory 0200 Australia.

*To whom correspondence should be addressed. E-mail:
lisa.cameron@monash.edu

Table 1. Demographic composition by cohort.We presentmeans of variables by birth cohort and pre- and
post-OCP. Column two reports means for those born in 1978 but excludes those born in 1978 who report
they are an only child as a result of the policy.

1975 1978a 1978 1980 1983 Pre-OCP Post-OCP

% Only children 27.0 23.7 60.9 81.8 90.7 45.1 86.4
% With one sibling 56.0 62.7 32.2 17.2 5.6 43.3 11.2
% With two siblings 10.0 8.5 4.4 1.0 1.9 7.0 1.5
% With three sibling 4.0 3.4 1.7 0.0 0.9 2.8 0.5
% With four siblings 2.0 1.7 0.9 0.0 0.0 1.4 0
Average no. of siblings 0.97 0.97 0.50 0.19 0.12 0.72 0.16
% Being the first born 52.0 35.6 67.0 85.9 93.5 60.0 89.8
Average no. of cousins 6.93 7.95 7.78 7.14 6.90 7.4 7.0
Average no. of aunts and uncles 5.15 5.42 5.81 5.91 6.27 5.5 6.1
Age (years) 34.7 31.8 31.7 29.7 26.7 33.1 28.2
N 100 59 115 99 107 215 206
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chose to compete than those born before the pol-
icy (44.2 versus 51.8%). This difference is sub-
stantial but not statistically significant (P = 0.12).

Differences in competitiveness may reflect
beliefs in one’s ability. Participants were asked in
which performance quintile they expected them-
selves to be relative to others in the room. There
is no significant difference in this self-reported
ranking between the pre- and post-OCP cohorts,
although participants born under the OCP com-
pleted significantly more sums correctly than their
counterparts (table S2). This is consistent with
the findings in the literature that only children
perform better academically (26).

The effects discussed above are simple mean
differences. These could be due to differences
in the demographic backgrounds of the pre- and
post-OCP samples. To examine the OCP effects
net of these observable characteristics, we esti-
mated an econometric model in which we con-
trolled for participants’ gender and education,
maternal education, and whether the individual
was born in Beijing; in addition to the main var-
iable of interest, whether the participant was born
under the OCP. The summary statistics for the
control variables are presented in table S3. Table 2
reports the estimation results. We find that even
when the demographic and family background
variables were controlled for, the unconditional
effects we observed in Fig. 1 above persisted in
terms of signs, magnitudes, and significance levels.
The only difference from the unconditional
estimates is that the regression results indicate
that the lesser propensity for thosewhowere born
after the OCP to choose to compete becomes
statistically significant once one controls for demo-
graphic characteristics.

The OCP indicator is defined according to
birth cohort and hence is highly correlated with

age. There is no evidence that age has a strong
systematic effect on behavior in experiments of
the type we conducted, particularly over the rela-
tively small age range in our sample (24, 27–32).
Age was not a determinant of behavior within the
pre- and post-OCP cohorts (table S8). Our results
are also largely unaffected when we limit the po-
tential for age effects by focusing on just the 1978
and 1980 cohorts (table S9). We thus conclude
that age effects were not driving our results. Con-
sistent with this result, marital status, being a par-
ent, the age of parents, and people potentially
becoming more capitalistic over time do not
seem to explain our results either (tables S10
and S11).

Although the main effect of the OCP is to
produce single children, the coefficients we esti-
mate in Table 2 are not estimates of the effect of
being a single child, because being a single child is
not a unique characteristic of the after-OCP cohort.
Many before-cohort individuals were also single
children, and some children born after the policy
were not single children (Table 1). The coefficient
on the OCP indicator is thus the average behav-
ioral effect of the OCP across the population.

If being a single child were exogenous, then
the effect of growing up without siblings would
be estimated consistently from

Yi ¼ aþ bXi þϕSinglei þ ui ð1Þ
where Yi is the behavior of interest; Singlei is an
indicator for being an only child; a, b, andϕ are
coefficients to be estimated; and ni is a random
error term. The coefficient of interest would be
ϕ. Being a single child in the pre-policy cohort
was, however, largely a choice of parents. Thus,
the coefficient on Singlei in Eq. 1 would pick
up not only the effect of being a single child but
also the effect of any omitted family background

variables that influenced the probability of being
an only child. This is a problem if the unob-
served parental characteristics that make parents
choose to have one child also affect individuals’
behavioral outcomes via genetic or nurture chan-
nels, which is likely. The variable Singlei is thus
endogenous.

We can, however, exploit the exogeneity of
the imposition of the OCP and use the indicator
of whether one was born under the policy, Di, to
instrument for the endogenous variable Singlei.
We can thus identify the causal effect of growing
upwithout siblings as a result of the OCP. That is,
we estimate the equations below using an instru-
mental variables (IV) approach. Equation 2b is
the first-stage regression.

Yi ¼ aþ bXi þϕSinglei þ ui ð2aÞ

Singlei ¼ hþ dXi þ kDi þ ui ð2bÞ
where h, d, and k are coefficients to be estimated;
ui is a random error term; and the other terms are
defined as above. Provided that the instrument
satisfies a few assumptions (see section 2.1 in the
supplementary materials), the IV estimate of ϕ
can be interpreted as the Local Average Treat-
ment Effect (LATE) of growing up as only chil-
dren because of the OCP (33).

The IV results are reported in Table 3. In
every case where we identified a difference in
behavior between the pre- and post-OCP cohorts,
being an only child as a result of the OCP was
also shown to have a significant causal impact on
behavior. The coefficients on being an only child
are over double the coefficients on the indicator
of whether one was born under the OCP reported
in Table 2. Individuals who were only children as
a result of the policy sent on average 16 per-
centage points less of the endowment to the other
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% sent in Dictator Game % sent in Trust Game % returned in Trust Game % invested in risky option % choosing to compete

Altruism
(p=0.11)
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(p=0.09)

Trustworthiness
(p=0.02)

Risk-Taking
(p=0.001)

Competitiveness
(p=0.12)

Born Before One Child Policy Born After One Child Policy

Fig. 1. Behavioral consequences of the OCP. Mean differences in behavior between participants born before and after the OCP are shown. The P values reported
in parentheses are from t tests of differences in means. Error bars are mean T SEM.
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player and returned 11 percentage points less of
what they received in the trust game, invested 20
percentage points less of the endowment in the
risky option in the risk game, and were 20% less
likely to choose the competitive option in the com-
petition game. In terms of standard deviations (SD)
of the dependent variable, being a single child is
associated with a decrease of 0.58 SD of the

percentage sent in the trust game, 0.44 SD of the
percentage returned in the trust game, 0.75 SD
of the percentage invested in the risky option, and
0.41 SD of the probability of competing. These
are thus sizeable effects.

In the post-experiment survey, participants
were asked a number of questions that sought to
assess their personality type and outlook on life.

Participants were asked, “What do you think
are the chances that it will be sunny tomorrow?
Please write a number from 0 to 100, where 0
means ‘absolutely no chance’ and 100 means
‘absolutely certain.’ ” Responses to this question
are widely used as an indicator of optimism (34).
We found that those born under the OCP and
those who grew up as single children as a result
of the OCPwere significantly less optimistic than
others (table S15).

The post-experiment survey also implemented
the Big Five Inventory, which contains 44 ques-
tions designed to categorize people in terms of
openness (inventive/curious versus consistent/
cautious), conscientiousness, extraversion, agree-
ableness, and neuroticism (sensitive/nervous ver-
sus secure/confident). These five broad factors
together encompassmost known personality traits,
and the 44 questions are used to construct scores
for each of these traits (35).We examined to what
extent these traits were determined by the OCP
and single-child status. Being born under theOCP
and growing up as a single child as a result of the
OCP are associatedwith a higher neuroticism score
and a lower conscientiousness score (table S15).

These effects are not small: 0.69 SD of our
optimism indicator, 0.52 SD of the conscien-
tiousness score, and 0.71 SD of the neuroticism
score. The result for neuroticism is consistent
with the finding that positive sibling relationships
moderate the relationship between stressful life
events and internalizing behaviors (36). The find-
ing that conscientiousness is lower is counter to
the argument in the empirical literature in psy-
chology that single children have a greater moti-
vation to achieve, but it is consistent with Chinese
parents’ views of their only children (37).

Like the experimental results, our results for
conscientiousness and optimism are qualitatively
similar when estimated using just the 1978 and

Table 2. Estimation results. We estimated Yi = a + bXi + gDi + eI, where Yi is a behavioral outcome
observed in the experiments, and Xi is a vector of control variables, which includes participants’ gender
and education, maternal education, and whether the individual was born in Beijing. The main variable of
interest isDi, which equals 1 if an individual is born after the introduction of the OCP and 0 otherwise. The
coefficient g identifies any differences between those born before and after the policy and is our estimate
of the behavioral impact of the OCP. Columns one to four report coefficients from Tobit estimation with
lower censoring at 0 and upper censoring at 100. Column five presents marginal effects from a Probit
estimation on whether to compete or not. Robust standard errors are shown in square brackets. *, **, ***
indicate statistical significance at the 10, 5, and 1% levels, respectively.

Altruism
Trust and

trustworthiness Risk-taking Competitiveness

Dictator game Trust game Risk game Competition game

% Sent % Sent % Returned % Invested Chose to compete

OCP –2.834 –6.980** –5.024* –7.987** –0.090*
[2.275] [3.116] [2.728] [3.213] [0.050]

Male –0.646 10.73*** 0.694 3.086 0.072
[2.299] [3.120] [2.687] [3.152] [0.049]

University or above –14.37*** 1.496 –15.34** –14.030* 0.149
[5.484] [6.407] [6.314] [8.111] [0.115]

3-year college –13.28** –3.989 –15.53** –5.323 0.12
[5.538] [6.429] [6.290] [8.143] [0.118]

Born in Beijing –5.319* –11.02** 4.788 5.391 0.082
[2.977] [4.656] [4.485] [4.096] [0.075]

Mother with 3-year college 0.518 8.887* 4.594 8.123* –0.009
[3.784] [4.669] [4.253] [4.220] [0.067]

Mother with university or above –4.363 6.983 –2.612 5.004 0.091
[5.320] [5.998] [5.439] [5.406] [0.100]

Observations 410 408 398 416 419

Table 3. Causal impact of being an only child. We present results from IV
estimation. We used an indicator of being born under the OCP as an in-
strument for being an only child. Columns one to four present the results of IV

Tobit estimation. Column five presents marginal effects from IV Probit
estimation. Robust standard errors are shown in square brackets. *, **, ***
indicate statistical significance at the 10, 5, and 1% levels, respectively.

Dependent variables
Altruism Trust Trustworthiness Risk-taking Competitiveness

(Dictator game;
% sent)

(Trust game;
% sent)

(Trust game;
% returned)

(Risk game;
% invested)

(Competition game;
competing)

Only-child –6.743 –15.998** –11.34* –19.002** –0.203*
[5.454] [7.219] [6.199] [7.920] [0.108]

Male –0.829 10.604*** 0.584 2.641 0.067
[2.307] [3.153] [2.693] [3.280] [0.049]

University or above –13.742** 3.064 –14.19** –11.998 0.166
[5.657] [6.593] [6.680] [8.788] [0.114]

3-year college –12.573** –2.323 –14.49** –2.93 0.138
[5.692] [6.571] [6.657] [8.807] [0.118]

Born in Beijing –3.054 –5.914 8.442* 11.528** 0.142*
[3.486] [4.981] [4.606] [4.797] [0.075]

Mother with 3-year college 1.238 10.396** 5.642 10.045** 0.011
[3.837] [4.721] [4.251] [4.605] [0.069]

Mother with university or above –3.418 8.522 –1.571 7.361 0.109
[5.440] [6.038] [5.554] [5.456] [0.099]

Observations 410 408 398 416 419
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1980 cohorts, and age is not a significant deter-
minant within pre- and post-OCP periods. The re-
sults for neuroticism are less robust to checks for
age effects (table S16).

Previous research has shown that noncog-
nitive attributes such as conscientiousness, neu-
roticism, and optimism are important determinants
of educational attainment, labormarket outcomes,
health, and marriage and divorce (38–40). Pro-
social behavior is consistently seen to be an im-
portant determinant of social capital and plays a
role in institutional development (41). Awilling-
ness to take risks is an important component of
entrepreneurship (17). Our data show that being
an only child as a result of the OCP is associ-
ated with taking less risk in the labor market
(table S19).

Although our findings were obtained from a
comparison of cohorts in Beijing born directly
around the time of the policy’s introduction, our
results are generalizable to other urban areas of
China where the OCP was strictly implemented.
Previous work suggests that differences between
only children and others in Beijing are similar to
those in other urban areas (26). The effect of the
policy on the behavior of people born long after
the policy’s introduction may, however, differ
from what we found here, because later cohorts
will have grown up with very limited extended
family and in a society dominated by only chil-
dren. Under such circumstances, we would ex-
pect that the policy’s effect would, if anything, be
magnified.
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Highly Recurrent TERT Promoter
Mutations in Human Melanoma
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Lynda Chin,5,6 Levi A. Garraway1,2,3†

Systematic sequencing of human cancer genomes has identified many recurrent mutations
in the protein-coding regions of genes but rarely in gene regulatory regions. Here, we describe
two independent mutations within the core promoter of telomerase reverse transcriptase (TERT),
the gene coding for the catalytic subunit of telomerase, which collectively occur in 50 of 70
(71%) melanomas examined. These mutations generate de novo consensus binding motifs
for E-twenty-six (ETS) transcription factors, and in reporter assays, the mutations increased
transcriptional activity from the TERT promoter by two- to fourfold. Examination of 150 cancer
cell lines derived from diverse tumor types revealed the same mutations in 24 cases (16%),
with preliminary evidence of elevated frequency in bladder and hepatocellular cancer cells.
Thus, somatic mutations in regulatory regions of the genome may represent an important
tumorigenic mechanism.

Systematic characterization of human can-
cer genomes has led to the discovery of a
wide range of mutated genes that contribute

to tumor development and progression. Most of
the somatic mutations in tumors reside within the
protein-coding regions of genes or at splice junc-

tions. To determine whether tumor genomes har-
bor recurrent mutations outside of protein-coding
regions, we systematically queried noncoding so-
matic mutations using published whole-genome
sequencing data.

Analysis of whole-genome sequencing data
from malignant melanomas (1, 2) revealed two
somatic telomerase reverse transcriptase (TERT )
gene promoter mutations in 17 of 19 (89%) cases
examined. The average sequence coverage at the
TERT promoter locus was 30-fold in normal
samples and 60-fold in tumor samples (fig. S1A).
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