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ARTICLES

Patterns of somatic mutation in human
cancer genomes

The numbers of passenger and driver mutations present can be

estimated from these results (see Supplementary Methods). Of the

What does confidence 921 base substitutions in the primary screen, 763 (95% confidence
" interva!, 675—8585 are estlmatea to Ee Eassenger mutations. There-
interval mean? fore, the large majority of mutations found through sequencing can-
cer genomes are not implicated in cancer development, even when

the search has been targeted to the coding regions of a gene family of

high candidature. However, there are an estimated 158 driver muta-

tions (95% confidence interval, 63—246), accounting for the observed

positive selection pressure. These are estimated to be distributed in

119 genes (95% confidence interval, 52—149). The number of samples

containing a driver mutation is estimated to be 66 (95% confidence

interval, 36-77). The results, therefore, provide statistical evidence

for a large set of mutated protein kinase genes implicated in the
development of about one-third of the cancers studied.




Two-sided confidence intervals

Calculated based on the sample X, X,,...,X,

Characterized by:
— lower- and upper- confidence limits L and R
— the confidence coefficient 1-a

Objective: for two-sided confidence interval, find L
and R such that

— Prob(u>R)=a/2

— Prob(u<L)=0/2

— Therefore, Prob(L<u<R)=1-a

For one-sided confidence interval, say, lower
bound of u, find R that

— Prob(u>R)=c

Assume standard deviation sigma is known
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Exercise

Ishikawa et al. (Journal of Bioscience and Bioengineering 2012)
studied the force with which bacterial biofilms adhere to a solid
surface.

Five measurements for a bacterial strain of Acinetobacter
gave readings 2.69, 5.76, 2.67, 1.62, and 4.12 dyne-cm?2.

Assume that the standard deviation is known to be 0.66 dyne-cm2
(a) Find 95% confidence interval for the mean adhesion force

(b) If scientists want the width of the confidence interval to be
below 0.55 dyne-cm2 what the minimal number of samples should be?



Ishikawa et al. (Journal of Bioscience and Bioengineering 2012)

studied the force with which bacterial biofilms adhere to a solid
surface. Five measurements for a bacterial strain of Acinetobacter gave
readings 2.69, 5.76, 2.67, 1.62, and 4.12 dyne-cm2. Assume that

the standard deviation is known to be 0.66 dyne-cm2

(a) Find 95% confidence interval for the mean adhesion force

(b) If scientists want the width of the confidence interval to be
below 0.55 dyne-cm2 what the minimal number of samples should be?

a)95% CIfor i, n=5 o0=066 Xx-=3.372,z=1.96
f—:a/\/gﬁ,us,f+:0'/-\/;
3.372-1.96(0.66/+/5) < 11 <3.372+1.96(0.66/+/5)
2.79< 14 <3.95

b) Width is 2:0‘/\/_.= 0.55, thereforen = [220/0.55]2 = [2(1.96)(0.66)/0.55]2 = 22.13
Round up to n = 23.



2. (6 points) The operations manager of a large production plant would like to estimate the mean
amount of time a worker takes to assemble a new electronic component. Assume that the
standard deviation of this assembly time is 3.6 minutes. After observing a sample of 100
workers assembling similar devices, the manager noticed that their average time was 16.2
minutes. Construct a 90% confidence interval for the population mean of the assembly
time.

What Z should | look for in the table?

A. ©(Z)=0.9
B. ®(Z)=0.05
C. ®©(Z)=0.95
D. ©(Z)=0.1
E. 1 have no idea

Get your i-clickers
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amount of time a worker takes to assemble a new electronic component. Assume that the
standard deviation of this assembly time is 3.6 minutes. After observing a sample of 100
workers assembling similar devices, the manager noticed that their average time was 16.2
minutes. Construct a 90% confidence interval for the population mean of the assembly
time.

What Z should | look for in the table?

A. ©(Z)=0.9
B. ®(Z)=0.05
C. ®(2)=0.95
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2.

(6 points) The operations manager of a large production plant would like to estimate the mean
amount of time a worker takes to assemble a new electronic component. Assume that the
standard deviation of this assembly time i1s 3.6 minutes. After observing a sample of 100
workers assembling similar devices, the manager noticed that their average time was 16.2
minutes. Construct a 90% confidence interval for the population mean of the assembly

time.




2. (6 points) The operations manager of a large production plant would like to estimate the mean
amount of time a worker takes to assemble a new electronic component. Assume that the
standard deviation of this assembly time is 3.6 minutes. After observing a sample of 100
workers assembling similar devices, the manager noticed that their average time was 16.2
minutes. Construct a 90% confidence interval for the population mean of the assembly
time.

Answer: Let /4 denote the mean assembly time (in minutes). We want a 90% confidence interval for

H based on the following information; n =100, X =16.2, @=0.1, 0=3.6 . Since O is known, we can
use normal distribution to calculate confidence interval:

Xtz - :16.21(1.65)%:[15.61,16.79]

al2 ﬁ



8-2 Confidence Interval on the Mean of a Normal
Distribution, Variance Known
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Figure 8-1 Repeated construction of a confidence interval for p.
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Matlab exercise

1000 labs measured average P53 gene expression.

Each lab used a sample with n=20 drawn from the
Gaussian distribution with mu=3; sigma=2;
Each lab found 95% confidence estimates of the

population mean mu based on its own
sample only

Count the number of labs, where the true
population mean (mu=3) lies outside their
95% confidence bounds

You should get ~50 labs out of 1000 labs




How | did it

n=20; k_labs=1000;
rand_table=2.*randn(n,k_labs)+3;
sample_mean=mean(rand_table,1);
Cl_low=sample _mean-1.96.*2./sqgrt(n);
Cl_high=sample _mean+1.96.*2./sqgrt(n);
k_above=sum(3>Cl_high)
k_below=sum(3<Cl_low)

figure; ndisp=100; errorbar(1:ndisp,
sample_mean(1:ndisp),
ones(ndisp,1).%1.96.*%2./sqrt(n),'ko');

hold on; plot(1:ndisp, 3.*ones(ndisp,1),'r-');



Y00 WHALES P E .1 xkco WHY ARE. THERE SLAVES IN THE BIBLE

WHY ARE. WITCHES GREEN = WHY DO TWINS HAVE DIFFERENT FINGERPRINTS E\JHY 1S HTTPS CROSSED OUT IN

A T O A ()] D LComics P P AR o RO ZN e AL TRoUGH HRER
NHY DO I SAY UH G WHY IS THERE A RED LINE THROUGH HTTPS ON FRCEBOOK
UHY'IlH?RE TREES ﬁ%ﬁgm OF F'ELDRS gi éwHY S H BIPOR EE
WHY [ THERE NOT A POKEMON MMO Z| WHY ARENT MY o3
UMY ISTHERE LADGHING IN TV smus_\ S 2| ARMS GROUNG SH
\WHY ARE THERE DOORS ON THE. FREEWAY “_ e
WHY ARE THERE. S0 MANY WCHOSTE)(E RUMNG 1 3 N g
WHY ARENT THERE ANY COUNTRIES IN ~

Y ARE THERE TWO SLAGHES AFTER HTTP UHY ARENT ECONOMISTS RICH & sere s 36

= WHY ARE THERE S0 MANY CROWS IN ROCHESTER, M
WHY ARE THERE CELEBRIMES— WHY DO AMER LL 1T SOCER &
LY DO CNAKED EXISTE Ly ARE Mv EARS RINGINGS WHY 15 PSYCHIC LIEAK T0 BUG
Y AR PGS (i Sere S WHY ARE THERE S0 MANY AVENGERSH WHY DO CHILDREN GET CANCER &~ &

WHY 00 THEY THE. CLAP B WHY ARE. THE. AVENGERS FIGHTING THE. X MEN 5, WHY 15 POSEIDON ANGRY WITH ODYSSEUS
i ARE. o a%ucﬁgm'-r!tammg WHY 15 WOLVERINE NOT IN THE AVENGERS 5 2 WHY 1S THERE. ICE IN SPHCEif

ﬁg«%%w WHY ARE THERE ANTS IN MY LAPTOPEX

WHY ARE THERE. MUSTAGHES ON CHRS WHY IS5 EARTH TILTEDZ | \ v are Tiere | WHY 1S THERE AN QWL IN MY BACKYARD X
Uity ARE THERE 50 P 5D N Offo oy WHY ISOPACE BLACK | ™ Gioets | LHY 1S THERE AN OUL OUTSIDE. MY WINDOW

WHY 15 THERE 50 MUCH RAIN IN OHIO e T o e o cE o { WHY 1S THERE AN OWL ON THE DOLLAR BILL

WHY 15 OHIO WEATHER 90 WEIRD Y WHY 19 NASA SHUTTING DOWN D mch
WHYARE FERE VALE D FEVALE BKES Uk ARE AR 7S. 90 DPERNE B
T DB SeoA e o6 &= WHY ARE. THERE. TINY SPIDERS IN MY HOUSE )

Hﬂ%ﬁ%ﬁm&wé m&% ?ﬁﬂgﬁ%@%ﬁ w%UDSEE 3! WHY ARE THERE HELICOPTERS CIRCLING MY HOUSE

R R HERE: | = WHY ARE THERE LOTS OF SPIDERS INHY HOU‘:)E o HERE SO & T D

\HY ARE THERE SPIDERS N 1Y ROOM T ISMT VESUVIUS THERE X <y WHY 15 JESVS LHITE G =2
" [ER 0o oDk BT i 3 WY DO THEY BAY T MINUS SR e o QR

FAWHY 15 DYING 50 SCARY 2WHY ARE. THERE OBELISKO m = =2t
w T WHY 15 THERE NO GPS IN LAPTOPS & URY 16 SEX mUHYARE WRESILERS ALWAYS UET- THERE GUNS IN
WHY DO KNEES CUCK % 50 IMPORTANT | =g WHY ARE OCEANS BECOMING MORE HCID!C HARRY POTTER

M

8 =3
R L R LCA) AU 15 ARWEN DYINGE o~ A
A

= 2

SH

WHY DO TP%E') %EM %I m\\: g&?—%‘&s&tﬁ& F}[.-E_ & UHY ARENT MY QUAIL LAYING EGGS S \HYARE ULTRRSOUNDS IMPORTANT
T e FDeerON HonL 2 LR 1o TERE PLUAY WHY ARENT MY QUAIL EGGS HATCHING &S Uiy 15 STEALING WRONG
WHY AREN'T THERE. ANY FOREIGN MILITARY BASES N AMERICA

WHY ARENT POKEVION RERL. (1Y R Tited e 076 O PGS 20
T
bﬁimwﬂmﬁﬁ WHY IS LYING GOOD R




Is P53 gene expressed at a lower level
in cancer patients than in healthy people?

We are interested if a P53 gene expression is lowered in
population of cancer patients compared to the healthy population.

We know that mean gene expression in the healthy population is
1, =50 mRNAs/cell We are interested in deciding whether or not
the mean expression in cancer population is lower than in
healthy population. Called hypothesis H,. Here H, is one-sided.
If we asked: cancer not equal healthy — two-sided hypothesis

Assume we have a sample of 100 cancer patients with
sample mean X =48 mRNAs/cell and
sample standard deviation S=10 mRNA/cell

Can we use our sample to reject the strawman’’ or
null hypothesis H,:
cancer = healthy?




Two types of errors

decide Hy decide H,

true Hy [[Correct action| Type I error
probability 1 —a O

true H, Type 1l error [Correct action
probability B power=1—p




P-Values of Hypothesis Tests

problem above, we can say that H: p. = 50 was rejected at the 0.05 level of significance. This
statement of conclusions 1s often inadequate because 1t gives the decision maker no 1dea about
whether the computed value of the test statistic was just barely in the rejection region or
whether it was very far into this region. Furthermore, stating the results this way imposes the
predefined level of significance on other users of the information. This approach may be un-

satisfactory because some decision makers might be uncomfortable with the risks implied by
a = 0.05.

The P-value is the smallest level of significance that would lead to rejection of the
null hypothesis H,, with the given data.

It 1s customary to call the test statistic (and the data) significant when the null hypoth-
esis H, 1s rejected; therefore, we may think of the P-value as the smallest level a at which
the data are significant. Once the P-value is known, the decision maker can determine how

significant the data are without the data analyst formally imposing a preselected level of
significance.
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Generalizations

* Whatif H, is a two-sided hypothesis?

* A:P-valueis 2(1-®(|Z|)), where Zz()?-uo)/[S/\/n_]

Compare to: For one sized u, >u, it is 1-@(2)
For one sized u, <u,it is ®(2)

* If ais given use u,+/-z,,, as thresholds
to reject the null hypothesis ,/}?

— 2\ I3

 What if the sample size n is small (say n<10):

e A: Use t-distribution with n-1 degrees of freedom for
2-sided P-value=2(1-CDF_Tdist(|T]|))
where T=(X -uo)/[S/\/n_] .

* Forgiven a use y,+/- t,,, ., to reject the null hypothesis






Type Il error for two-sided hypothesis
Prod \2(}9&) Ao ”f:'




Type Il Error and Choice of Sample Size

Assume you know the minimum 6 = |u; — ug| that you care about.
What is the minimal sample you should use to separate HO and H1 hypotheses if
your tolerance to type | and type Il errorsis a and B ?

Under Hy: p = g UnderHl: B g

Ficure 9-9 The
distribution of Z;,
under H, and H,.

where O =W — Mg (9-22)
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