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Finding genes that are expressed differently in two populations

Assume that we have a population and from that population we have two sub-
populations. For example, The population can be the set of people having a
specific cancer and the subpopulations can be those who have received treatment
and those who have not (treated and control). Another example could be as
follows. Consder apopulation with acertain cancer. |If the cancer has two
subtypes (L eukemia has two subtypes). The set of people with each subtype
forms a subpopulation. We want to determine if genes are expressed differently
in the two subpopulations.

A. How to determine if a specified gene is expressed differently in two
populations

1) Smpletest

One way to determineif gene X is expressed differently in two populations,
control vs. treated is to compute the mean levels of gene x in the
populationstand c, € .and €, . A threshold gcan be chosen (usudly 2 or

2.5) for whichif ?X—‘ 3 g, x iscongdered to be sgnificantly up-regulatedin
the treated group compared to the control. The caveat with this approach is
that when the group szesn. and n are small, genes with low expresson
levels on average might have a much higher variance than genes with high
expresson leves. A amdl qcan result in many fdse pogtives, whilea

large g can result in many fase negatives.

One way to dleviate this problem is to choose a high threshold g for gene
with low expression levels and alow threshold for geneswith high
expresson levels. A better way to solve this problem is to use a standard
satigtical test.

2) Satidicd inference usng the normal digtributions



In order to use Satidtica inference, consider € , =€, - §,.1f § ,is

ggnificantly different from O, the one can conclude that X is expressed
differently in the two populations.  Assume that the groups contain n. and
n. samples and that the sample population for the treated and control groups
are chosed randomly form the population of treeted and control individuals.
Also assume the two groups are drawn independently and that the two
populations are independent. If n > 30 we can invoke the centrd limit

theorem and assume that &_, isnormaly distributed with mean m .- m,
and standard deviation
ysion+si/n

Thisyidds az datidic

(ex,c - ex,t)- (mc - rTJt)

si/no+si/n

that can be used to answer the quedtion is z(§, ) sufficiently different from
zero to be able to conclude that gene x is expressed differently in the two
populaions. The null hypothes's asserts that there is no difference, ie. Ho:
m. = m),. Thedternative hypothessisHa: M * m, . Then

2(84) =

(ex,c - ext)
wo/n+si/n

Z(éx,d) = JS

A leve of sgnificancea ischosensothet if | z(§ ) P | z,/, |, wergect the

null hypothesis with confidence 1- a. Notice that we used a/2 sncethisis
atwo sided test.

3) One sided- tet

If wewanted totest Ho: my .2 m),. withHa: my_<m),, we useaone-
sded test with z(g_ ) £ - z, signifying rgjection of the null hypothesiswith
confidence 1-a.

4) T-test

If we do not know the population variances or the sample is smdll, and
wanted totest Ho: m . =m, with Ha: m 1 m,, weneed to used thet-
test



_ (exc-ext)
CPE c
Bea) Jg/n+s/n

wheres, c and s, are the sample sandard deviations. Then if
[t(€.q) P It(min((n,,n)- La/2|, we can reject the null hypothesis with
confidence 1-a.

5) Equd variance

If we want to test to see if the two populations have different variances we
can test thisusing the F-statistic with Ho: s 2 =s 2, with Hais? t's;

x,t7

2
Sx,c

F =

2
Xt

which is determined from groups of Sze n. and n. chosen randomly from
the control and treated populations, repectively. If

F3F(n.-Ln-1a/2) or JYF3 F(n - 1n, - La/2) wergect thenull
hypothesis with confidence 1-a.
If the F-test faled to rgect the null hypothesis, we have to use a different

t-test because the variances might be equal. We use a pooled estimate of
the variance

¢ =D+ (- 9s

’ n-n-2
and usethe test gatidtic

— €.

t(84) =

e .@n, +yn)

If [t,(€.4) P t(n, - n - 2a/2), wecan rgect the null hypothes's with
confidence with confidence 1-a for the two sided test.

For the one sided test and corresponding hypothesis. If
ty(8.4) £- t(N - n - 2,a/2), wecan rgect the null hypothesis with
confidence with confidence 1-a..

6) Bayesant-test



7)

If e and n are smal and we have some prior knowledge about the
expected digtributions of the expression levels of gene x in one or both
groups we can base our test on the data and the knowledge. Thisisdone
by generating dy ¢ x random data examples from anorma digtribution with

mean my.c x and variance s 2 and add these examplesto our data. In this

0,c,x

way we get anew sample mean

A d

—_ 0.c.x
I 'H X I I;),c,x +
‘ dO,c,x + nc

n __
d_..+n

0,c,x C

If we generate g ¢ x+1 examples with mean ny ¢ x and variance s ;C‘X , the
vaianceis

L2 1 & 2 2 eOCXnC 29
Sncc - g%,c,xso,c,x + (nc - ]‘)Sc,x +;(éx,c - na,x,c) -
N + eO,c & + n (%]

,C, X

Similarly for the tregsted data
Nonparametric tests

If we want to test, based on a comparision of the group means, whether or
not there is sufficient evidence that gene x is expressed differently in the
two populations, we can use the Mann-Whitney U test. Assume that we
have aset G of expresson levels of gene x in n individuas treated for
cancer and a set G of expresson levels of gene x in e individuas who
form a control group. Assume ny; and nx ¢ are the respective means. We
want to test whether Ho: ng ¢ = ny ¢ istrue.

The data from the two groups G and G; are pooled in one group Gt . The
numbersin Gy are sorted into increasing order and ranked from 1 to ng+n.
If some numbers are the same, their ranks are averaged and each is
assigned the averaged rank. Let S be the sum of the ranks from eements
of G, and S; be the sum of the ranks from dements of G.. The U-score
for each group is

Uc =n.n, +W- S
Ut - r]cnt + nC(nC +1) - SC
U=mnU_U,)

If each group has at least 10 members, we can assume that under Hp U is
goproximately normally distributed with



n.n

m = 5
< :\/ncn(nc+m+1)
N 12
and
z(U):U_ !

U

For agiven a, if [z(U)|3 |z(a/2)|, then reject Ho with confidence 1- a.

B. How to determineif any geneis expressed differently in two populations

As before use the compound test with the Bonforroni correction with the tests
discussed today.

. Classfying samples from two populations

Assume that we want to classify a new sample into one of two populations. For
example, cancerous and non-cancerous, or cancer subtype | and cancer subtypell.
To do thiswe want to develop a method that will choose one or more classfiers
from a st of thousands of genes and a marker with which we will classfy our

data.

If we have gene expression data from our two populations, we need to determine
which genes we will use to classfy new datainto one of the two populations.
Thisiscdled abinary classification problem.

A. Vaiable sdection

We previoudy discussed methods that would identify genes that could be used
to discriminate between the two tissues. The problem with these methodsis
that the treated each gene individualy. We need methods that look at the
genes collectively. The method we choose has to be able to 1) evauate the
quality of asubset of the variables and 2) search through al subsets of the
data

One method is sequential backward elimination. This method starts from the
full st of genes and removes genes one a atime on the basis of which gene
make the smallest reduction (or largest increase) in the performance of the
classfier among dl candidates consdered for remova



MTMOO®

Ancther method is greedy selection. Inthis, we start with an empty set of
genes and add the gene that make the best one gene classifier. Then we add
the gene that results in the best two-gene classfier, efc. Thisisfader if we are
interested in obtaining a smal number of classfiers

Discriminant andys's
Multilayer perceptions
Traning

Ovefitting

Support vector machines



