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Hypothesis testing:
one sample



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. Let’s call hypothesis H,. Here H, is one-sided

If we asked: cancer is not equal to healthy H, would be a two-
sided hypothesis

Assume we have a sample of 100 cancer patients with
sample mean X =48 mRNAs/cell and standard deviation 0=10
MmRNA/cell

Can we use our sample to reject the “business as usual” or
null hypothesis H,: cancer = healthy and select one-sided
hypothesis H,: cancer < healthy




Two types of errors
decide H decide H;

true Hy ||Correct action| Type I error

probability 1 —a ht
true H, Type 1l error |Correct action
probability B power =1—p

a = P(type | error) = P(reject Hy when Hy 1s true)

Sometimes the type | error probability cutoff a is called the
significance level, or the a-error cutoff

Instructions: get the value of o from your boss or Pl (e.g., 5% or 1%)
Prob(H, is true given the sample data) < o >reject H,and accept H,

Prob(H, is true given the sample data) > o = accept H,and reject H,

Type Il error is much harder to estimate. We will deal with it later



P-Values of Hypothesis Tests

* P-value: what is the probability to get the observed value
of sample mean of x =48 mRNAs/cell (or even smaller)
and 0=10 mRNAs/cell in a healthy population with . =50
mRNAs/cell

* If P-value is small —the null hypothesis is likely wrong
and thus, the probability of making a type | error
(incorrectly rejecting the null hypothesis) is small

* P-value answers the question: if | reject the null
hypothesis H, based on the sample, what is the
probability that | am making a type | error?



P-Value vs Type | error cutoff
o in Hypothesis Testing

Problem with using a predefined a: you
don’t know by how much you exceeded it

Another approach is to calculate Prob(H, is true given
the sample data) referred to as P-value. It the smallest
o that would lead to rejection of null hypothesis

You give your boss the P-value and let him/her decide
if it is good enough

Routinely with big datasets in genomics and systems
biology P-values can be

10-large number~10-100 ' Thjs number is used to judge
the quality of the hypothesis






P_\yadue = FMD (H<”3 )Hoj

= 2.9%

—









Generalizations
* What if H, is a two-sided hypothesis?

* A:P-valueis 2(1-®(|2]|)), where Z=(X-u,)/[S/\/n]
Compare it to: For one sized u, >u, it is 1-Q(Z)
For one sized u, <u,it is @(Z)

* If ais given, use u,+/-2,,,*S as thre;f\wolds

to reject the null hypothesis )/;?
— 3
% é&

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

* 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_] .

* Foragiven a use u,+/-t,, ., T toreject the null hypothesis




Type Il Error and Choice of Sample Size

Assume you know the minimum 6 = |u; — pg| 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 errorsisaand 3 ?

Under#@ p=pg Under%: [# Mg

N(O,1)

din )
(‘}rr .- l_l:|

Figure 9-9 The ) '
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where O =W — Mg (9-22)




Standard notation
to indicate P-value with

X kk  kkk
) )

Table 11.1: A commonly adopted convention for reporting p values: in many places it is conventional to

report one of four different things (e.g., p < .05) as shown below. I've included the

L]

‘significance stars”

notation (i.e., a * indicates p < .05) because you sometimes see this notation produced by statistical
software. It’s also worth noting that some people will write n.s. (not significant) rather than p > .05.

Usual notation | Signif. stars

English translation

The null is...

p > .05
p < .05 "
p < 01 o

p < .001 ok

The test wasn’t significant

The test was significant at o = .05
but not at a = .01 or a = .001.

The test was significant at a = .05
and a = .01 but not at a = .001.

The test was significant at all levels

Retained

Rejected

Rejected

Rejected

.......................................................................................................



p-VALE  INTERPRETATION

0.001 ]

0.0l

0.02 ——HIGHLY SIGNIFICANT
0.03 |

g'gﬂq  SIGNIFICANT
0.0503— WT ONS.
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007

HIGHLY SUGGESTIVE,
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0.09 | P<O.0LEVEL

ﬂﬂ'ﬁ'__l HEY, LOOK. AT
>0.] }—THIS INTERESTING
SUBGROUP ANALYSIS
Happy Credit: Trust me,
Halloween! I’'m a “Biologist” Credit: XKCD

(belated) Facebook community comics
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A peculiar prevalence of p values just below .05
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Hypothesis testing:
two samples



10-2: Inference for a Difference in Means of Two Normal
Distributions, Variances Known

Population 1 Population 2
2 2
71 I3
Figure 10-1 Two / 1 / H2
independent popula- Sample 1: Sample 2:
tions. X110 X120000 X1 X211 X221 0001 Xop,

Figure 10-1 Two independent populations.
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10-2: Inference for a Difference in Means of Two Normal
Distributions, Variances Known

Assumptions

Xy, Xip, ..., Xy, 18 a random sample from population 1.

Xo15 X295 -, Xy, 18 @ random sample from population 2.

Rl

The two populations represented by X, and X, are independent.

=

Both populations are normal.

19




10-2: Inference for a Difference in Means of Two Normal
Distributions, Variances Known

The quantity

(10-1)

has a N(0, 1) distribution.

20




10-2: Inference for a Difference in Means of Two Normal
Distributions, Variances Known

10-2.1 Hypothesis Tests for a Difference in Means,
Variances Known _— nSu 4_/(((,| AO - £
¥ U

Null hypothesis:  Hy: py — po = 4y

. X — X, — A
Test statistic: Zy = — - (10-2)
{ g g
L e
\ m 1y
Rejection Criterion For
Alternative Hypotheses P-Value for Fixed-Level Tests
Hpi: g — po # 4 Probability above |zy| and Zo > Zayp OT Zg < —Zyy

probability below — |z,
P =2[1 = d(|z])]

Hpi: g — po > A Probability above z, Zg > Zg
P = l — (I)(ZU)
Hpi:ipp — o < A Probability below z, zy < —z,

P = d(z,)




10-2.1 Hypotheses Tests on the Difference in Means, Variances
Unknown

2 2
Case 2:G6, # G,

If Hy: 1, — 1, = Ay is true, the statistic

% X1 —X, — A
T Al 2 0 )
0 \/Sf 3 (10-15)

ny nj

is distributed as t-distribution with degrees of freedom given by

v=mn +n, — 2,

or more generally



Manhattan plot for
Genome-Wide Association Study (GWAS)
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Fig. 1 Genome-wide association results comparing 2,702 cases and 5,726 controls: a Manhattan and b quantile—quantile plots of —logl0
tranformed P values of 285,984 SNPS genotyped

LiJ,, et al. A combined analysis of genome-wide association studies in breast
cancer. Breast Cancer Res Treat. 2011;126: 717—727



Multiple null hypotheses: Bonferroni correction

What if you have m independent null hypotheses?
Say you have m=25,000 genes in a genome?

What is the probability that at least one of the null-
hypotheses will be shown to
be false at significance threshold o, ?

Answer: Carlo Emilio Bonferron
. . ario emiio oonrerroni
Famlly-Wlse Error Rate (1892 —1960)

or FWER=1_(1_ o )m ~mao Italian mathematician
. - who worked on

f m=20 and alz().()S, probability theory.
-WER=0.6415

f you want to get FWER< a, use
a,= a/m




