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Overview

What is differential expression?
Models
— T-test
- SAM
— Rank Product
Measure of significance
We're producing lists: Cut-offs and prioritizations
Gene Ontology and overrepresentation analysis
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What do they look like ?
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Simplistic formula

Fold Change between groups
Diff Expr =

Variance within groups
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What is differential expression?

Example: Measurements before and

after treatment A4
Before: 1.5, 0.8, 1.2 I\

After: 2.1,1.7, 1.5

Are the distributions significantly T | oo
different?
— Need a model that can help us
decide
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Modeling Considerations

Parametric models: need enough data to decide the distribution

Problem: with few arrays you are unwilling to make parametric
assumptions about gene expression values

Nonparametric models: use of a permutation test, or similar

Problem: these models have reduced power and hence less ability to
discriminate.

Aggregation across genes: one of the basic strategies used is to
aggregate information across genes
Modified slide from Huber, Gentleman and Heydebreck
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T-test
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 Assumes normal distribution of data
* Assumes student t-distribution of t-scores
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Moderated / Bayesian t-tests

Rather than estimating within-group variability (denominator of t-
test) over and over again for each gene, pool the information from
many similar genes

Baldi, Long 2001

Tusher et al. (SAM) 2001
Lonnstedt and Speed 2002
Kendziorski et al. (Ebarrays) 2003
Smyth (limma) 2004

Modified slide from Huber, Gentleman and Heydebreck
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Significance Analysis of Microarrays (SAM)

- X — X7
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* Assumes normal distribution of data

* Makes no assumption about the distribution of
the score

* Advantages:

— eliminate occurrence of accidentally large t-values
due to accidentally small within-group variance

— effectively introduce a ‘fold-change’ criterion
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Rank Product

Fold change

Rank Compl Comp?2 Comp 3
1 Egrl Cxcl7 Cxcl7
9) Cxcl7 : Egrl

Egrl.
' Apo
n Apo Apo

* Makes no assumption about distribution of the data

* No calculation of variance across samples
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Rank Product
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Significance of scores

* P-value is defined as the probability of a gene
obtaining the score by chance

— Assuming only one gene has been tested

— Does not take into account that when multiple genes
are tested, the probability of randomly obtaining a
high score increases

* The p-value should therefore be corrected for multiple
testing

— E.g Bonferroni correction
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False Discovery Rate

FDR refers to the number of genes on a ranked gene
list that is expected to be false positive

If the p-value of gene nr 100 on a ranked gene list is
0.001 and we have analysed 20 000 genes

— Expect 20 00070.001 = 20 genes to be false positives
among the top 100 genes

FDR = FP/Rank*100%
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FDR-value

score Fold change |FDR
rCG34061 4.655 1.421 0
56227 4.552 2.168 6.476
313504 4.525 3.182 5.667
rCG48508 4411 1.788 4.318
315095 4.343 4.724 3.778
307947 4.2 1.515 6.476
rCG22278 4.196 1.673 6.253
rCG26536 4.186 2.56 6.045
304092 4.167 2.47 5.495
359725 4.14 1.443 5.333 BCCS
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g-value

* FDR is not strictly increasing the further down on a gene
list

* The g-value is the smallest FDR value that is seen for a
particular gene list

* ¢-value is an FDR estimate and it is strictly increasing
the further down the gene list you get
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g-value

score Fold change | FDR g-value

rCG34061 4.655 1.421 0
56227 4.552 2.168 6.476
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rCG48508 4.411 1.788 4318
315095 4.343 4.724 3.778
307947 4.2 1.515 6.476
rCG22278 4.196 1.673 6.253
rCG26536 4.186 2.56 6.045
304092 4.167 2.47 5.495
359725 4.14 1.443 5.333
360415 4.117 1.995 5.181




g-value
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g-value
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359725 4.14 1.443 5.333 5.181
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Where do we cut ?

* Commonly used strategies:
— Sufficiently large fold change
— Suitably small p-value or g-value
* Any strategy results in a random cut-off

— There is no perfect cut-off where every gene above
the cut-off is truly differentially expressed, while every
gene below the cut-off is not differentially expressed
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Don't use absolute cut-offs

Use g-values (alternatively FDR or corrected p-values)
— To guide your work:

« FDR estimates is acceptable because we want to screen
and search for biological knowledge, looking for emerging
pictures/trends

Never use statistics alone, only as input together with your
interpretation of the data/the biological picture you see

— Do you believe it?
« Enough to do follow-up experiments?
We're working with lists, don't chop of the top and forget the rest.
— Distribution of related genes in the whole list
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Questions so far?
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S0 here you are
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= & (o] = (8l ] ] [ [ EE [A 3] [

Main Chart
In...||Pro... ||Pri... ||Ge... ||Ge... ||Fa... [|Sub...|Ent... 100F T T T T T T T T T ]
02224, |64356 |Mrgn |neuro...|FAMIL.. 64356 ||~
1(2160.. |192189|Bk|LO... |brain ... |SYMNA... [BfKP... |1921.. i 7
2(2079... |291388|Cbiln2 |cereb... |CERE... [CEREE...|2913...
3(2112... |171101|CGrp gastri... |GAST.. 1717
4(2211... |25113 |Ddn dendrin|/FAMIL... 25113
5(2084.. |294674|Encl  |ectod... |KELC... [ECTO... |2946...
6(2185... 311311 |Meis2...|Meisl... HOME. ..HOME...|3113...
72142, |296706|Lhx2|...|LIM h... |LIMD... [LIMH... |]1175...
8(2133... |314232|LOC3... 3142
92224, |24370 |Foxgl |forkh... |FOREK.. 24370
10|2115... (83585 (Gda guani... |[CHLO ... [CUAM...[83585
11|12075... [501145(LOC5.. FAMIL...|SATEL [5011..
12|12114. . (313785(lcam5...|interc... |INTER... [INTRA...|3137...

=
51]

2194 [2B86Z6(Mmp.. \matri.. MATE..|MATR.. |[2886..
2176.. [rCG5.. rull

2118.. [362371(RCD1... |simila... UNCH...[UNCH...[3629...
2110.. (117024(Crym  |crysta...|ORMNI.. (MU-C. [1170...

% KR
2117... (29190 (Pdyn |prody...|PROE... |PROE... |29190 e Te S a - a

& )

==
P

=
Ln

=
o

=
=]

18|2210... [rCGC4._. null ’ché "o;:; ’ché "o;:; L "o;;;
P T Tm e Ta
1912197 .. (314423(Bcl11. .. |B-cell . |ZINC ... |[B-CEL...|3144. . o, G, o, G, %, U,
20|12218... (688800(LOCE. .. |simila... |ALDE... |ALDE... |null
21|12206... [rCG5.. COLL... |[C10-_.. |null
27212184 |rice? ] b
_——— Y—

uniBCCS



T

A, B C | —

1 |probe SYIM o'alue —
2 050241 ABHDS 0.03372434
3 BOE09 AF G3L1 0.0339233
4 F0239 AGGFT 0.03621495
5 15820044 | ALDHIAN 0.00547 455
B B900574 ANKRED1O 0.0075155

7 4820132 ARGLILN EI.EISJMSEEEE

=] 160561 ARHGAPTY | 0.01052532
9 4250005 MA, 0.00793651
10 1070189 AxINZ 0.01083583

11 460711 BATZD 0.03982301
12 42305253 ETEM 0.007¥63359
13 4730369 BTG 0.03324505
14 1260575 | C130rf23 0.01156059
15 BEE07 11 C130rf23 0.01442303
15 3870112 TSEM1S 0.02075472
17 B280626 C21orf56 0.03402357
18 3400138 CASCA 0.0z
19 2810750 CBR4 0.02640545
20 3940451 CCDC131 0.04245235
21 FO0603 CcCDCa0 0.01895734
22 2370204 CCMNC 0.027587 456
23 2190671 CCR3 D.0MB27507
24 2120451 CD4E 0.03473545
25 3130356 CDY3 0.04334035
26 5720746 CDW3 0.02881356
27 1340470 CECRS 0.04255319
28 4490154 CEP192 0.02765156
29 F040280 CLINTT 0.01930502
30 4640454 CNOTS 0.03144654
31 B70026 CRELF3 0.04270833
32 7210241 CEMETA 0.03311659
33 42100684 CSMK1G3 0.0328125
34 770424 CTGLF3 0.02665039

35 2230215 ALG13 0 =
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(Gene lists

Long list of differentially
expressed genes

Possibly hundreds of
papers describing the
functions of the genes

Misleading names

Different names in
dfifferent organisms
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Goal of GO Consortium 60 |

(http://www.geneontology.org/)

Produce a controlled vocabulary describing aspects of
molecular biology, that could be applied to all organism.

Describe gene products using vocabulary terms
(annotation).

Develop tools:
— to query and modify the vocavularies and annotations
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How does GO work?

What information might we want to capture about a gene
product?

* What does the gene product do?
* Why does it perform these activities?
* Where does it act?

o

uniBCCS



The Gene Ontology (GO)

— Molecular function:
* Gene product at biochemical level.

— Biological process:

* Cellular events to which the gene product
contributes.

— Cellular component:
* Location or complex of gene/protein.
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b molecular function
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Browsing GO in J-Express
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Overrepresentation of GO terms

We have a subset of genes
— List of differentially expressed genes
— List of genes that cluster together

Which biological processes do these genes take part in?

Is there an over-representation of the number of genes
belonging to a particular biological process, compared to
what could be expected?
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Question

* |f we look at the dataset containing all of our genes and
see that 10% of these belong to cell cycle. We then do a
differentially expressed genes analysis and get a list of
genes we believe are significantly changed.

* How many of the genes in the gene list do you expect
belong to cell cycle?
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Gene Ontology Analysis
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Questions?
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