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0 :
:

where  and  are the mean expression value
measured on two groups

i i

a i i

i i

H x y

H x y

x y
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� ���*�� �.��!�#1�1����4�#�����4!��������#���"�0"0���4�-��#��-�14�β*

� ���*�$ �.��!#,���#������"���"�-�����-��"�
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3log
5

Cy

Cy

����#������"��4�!�#�

4�� �"��"�(�3���14

��� �"��"�(�3���14

log( 3* 5)Cy Cy
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 !��""�#��6�+�#����4�����78���-#�(9.��(7�:#��-��+�������+7�;

�*



����������		
������
�
����	�

���
������� �����	���

D�0"0�������#"�� �

� ��)��.#-��#�.��!��)!�#3���.��
&��#�-��!!�#�+.

� ����-��-�F��(�����"�#�)���#�

x
z

µ
σ
−=
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*
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-������������4�� !��""�-E
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� !��""�-E
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� !��""�-�#���#��� !��""�-�

g

gene g is expressed

E  gene g is unexpressed
 prior probability of 

(1 ) prior probability of 

g

g

g

E

p E

p E

=

=

=

− =

�-�!��-���#)�2�-3��+�-�����4"�"�#��5����
 !��""�#��6�+�#����4�����78���-#�(9.��(7�:#��-��+�������+7�;
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( ) ( )

( ) ( ) ( )

yE

g

*
Pr |

* 1 *

Use EM algorithm to estimate
, , ,  and under the assumption of the individual

distributions are normal with equal covariances.
Y  is the observed ratio for gene g

g

g g

y

E y

g g

E y E y

E

p p
E Y y

p p p p

p σ µ µ

=
+ −
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� @#�"

� ��"0��"�1�+#)��0������1����"�"�)!���"�F��-�+���"�"

� ��"0��"�1�+#)��0������1����"�-����-�3����"���#)��#�)����4

( ) ( ) ( ) ( )1 2 3* * *
g g gg Up Down Unchangedp y p p y p p y p p y= + +
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-���"�����

� ��� ? �����.��3��0�"�1��#��������)������-� ; �����.��3��0�"�������
�����)�����.���,��)�4��#�)��.���#(; #���.������#

� :��)�4�0"���.�"�����#��#��#�)0������.��!����-�����"���"���#���
"�)!�������"�

� A4!#�.�"�"

� A
C�µ J�


� A?C�µ QJ�


1
2

2

log x

x

� �
� �
� �

�-�!��-���#)�2�-3��+�-�����4"�"�#��5����
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( )

( ) ( )
s

a

Sida k Correction

1 1

1 1
Bonferroni Correction

1 1 1 1
For  small each individual test must be performed at a significance leve

of  in order to achieve an over all sign
N

N

a s

N
s a

N

a s s sN N

α α

α α

α α α α
α

α

′

= − −

= − −

= − − = − − + =

�

�

aificance level of α
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(1) Choose the global significance level .
(2) Order the genes according to their -values in the ascending order.
(3) Compare the -value ( ) of the -th gene in the ordered list with threshold

a

i

a
i

p

p p i

α

ατ =

{ } { }

.
1

(4) Report genes 1, ,  as differentially expressed genes at the chosen 
significance level, where max ,  where max

the largest  for which 
1

a

i i i i i i

a
i

N i
k

k p k p

i p
N i

α
τ τ

α

− +

= < = <

� �<� �− +� �

�
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( )

(1) Chooses the global significance level 
(2) Order the genes according to their -values in the ascending order.
(3) Compare the -valeu  of the -th gene in the ordered list with threshold 

a

i

i

p

p p i

i

N

α

τ α=

(4) Report those genes as differentially expressed if 

a

i ip τ<
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| 0

 and V are the number of positive findings and the 
number of false positives respectively.
V is estimated via a permutation procedure
(1) Construct  permuted data sets by changing th

V
pFDR E R

R

R

B


 �= >� 
� �

*

s

e class labels of samples
(2) Suppose an average of  of genes having the -values smaller than the threshold

 over the  permuted datasets
(3) Assume that there are no true positives in any permuted 

R p

Bα

*

*

dataset and hence the expected
number of false positives is 
(4) Estimate  naturally as

R

pFDR

R
pFDR

R
=

�-�!��-���#)�2�-3��+�-�����4"�"�#��5����
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(1) Permute class labels of the samples
(2) Compute -values wrt a statistic such as the statistic for
all the genes
(3) Correct these -values using Holm's stepwise method.
(4) Repeat (1-3) for a suffi

p t

p

−

( )

( )

ciently large number of times
(5) Calculate adjusted -values for each gene

number of permutations for which p-value for gene i = 
total number of permutations

 is the corrected -value by Holm

b
i i

b
i

p

p p

p p

≤

's step-wise method for permutations 
, and  is the value of the test statistic for the real dataset.i

b

p
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( )
( )

( ) ( )

1 2

0

221 2
1 2

1 2

SAM's Score
( )

( )

Pooled Variance Estimate
1 1

( ) ( ( )) ( ) ( )
2 p q

p q

x i x i
d i

s i s

n n
s i x i x i x i x i

n n

−
=
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+
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( )
1

(1) Sort the d(i) values of the original data in descending order
(1) (2) ( )

(2) For each permutation B compute
(1) (2) ( )

(3) Computer the expected order statistic

( ) /

(4) Ident

b b b

B

E b
b

d d d N

d d d N

d i d i B
=

≥ ≥ ≥

≥ ≥ ≥

=�

�

�

ify those genes whose value is substantially larger than 
its expected value
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1

b

1

where C  is the number of potentially significant genes

B

b
b

C
B

pFDR
C
==
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