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Annotation and Enrichment Analysis
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Main Theme — guessing mechanism from data
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Outline

First hour:
I Definition: Set-based analysis (non-graphical)
I' Underlying statistical hypotheses: Competitive vs. Self-contained
I Common statistical tests: Hypergeometric / 02 / GSEA (KS)
Recall O-values and multiple testing problem: FDR
Second hour:
I' Common databases: GO / KEGG / MSigDB / STRING / Reactome
I Requirements:

Dataset Gene set (with/without values)
Knowledge Database (hierarchical or not) & TH&#Z 7]

I Demonstration: STRING / STAGEs / WebGestalt
I Afterword: The art of fine-tuning

(00000000 B https://www.nature.com/articles/s41596-018-0103-9
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Competitive vs. Self-contained
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Competitive vs. Self-contained
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Fisher’s exact test (gene set)(competitive)

10+20 300+3560
0= 10 300
310+3580
310

Uo: target pathway —  other pathways

000000 00 booooioo ‘ target pathway other pathways ‘ total (data)

proteins in the data 10 300 310
absent proteins 20 3560 3580
total (pathway) ‘ 30 3860 ‘ 3890
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Hotelling’s [? test (gene set with values)(self-contained)
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https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi. 1005601
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GSEA (gene set with values)(self-contained/competitive)

I Step 1: Calculation of an Enrichment Score (ES).
1. Rank order the O genes in O to form 0 = f0;;:::; Ung according to the
correlation, 0(0;) = [, of their expression profiles with phenotype.
2. Evaluate the fraction of genes in U weighted by their correlation and the
fraction of genes not in [ present up to a given position [ in [.

Xt > < 1
Ohie(0; 1) = = whereOg = jlj"%;  Omiss(0;0) = i
Geng<t 0 = 0.¢0,0<] o

[l = 0 standard Kolmogorov-Smirnov statistic

0 =1 weighted Kolmogorov-Smirnov-like statistic

(00000000 B https://www.pnas.org/doi/10.1073/pnas.0506580102
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GSEA (gene set with values)(self-contained/competitive)

Pt\w‘t"a«pe oyrelrTion, ry
Y vz Y3 vy e VL ) Ve o Vg Vs Y.
o gl oy 016\ 2.8\ 214 10.3 loz \ovy | =5, ( ,ﬁ?‘

——T———— D
» A2 B g 98 g 91 (Ge 34 93 G,I-o .
gene ek, S VAV

Nu-1S1=5 Ne-3\5l-17 o

d 1=, miss, Pm\fj' oo é Poum 0.2 :I‘MXSP“M}
@12 ;S:P\55~_§+J— é% s Psun =-0g

® -3 >t Prre = 06/ (1) , Pswm s 03C-01g < ~a0¢
H® M4 I Phits @6%05) /19 |, Poum =064 w04 to2g

"

-
\

10/20



GSEA (gene set with values)(self-contained/competitive)

A Phenotype
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GSEA (gene set with values)(self-contained/competitive)

I Step 2: Estimation of Significance Level of ES (self-contained).

1. Randomly assign the original DO0OO00OO labels to samples, reorder
genes, and re-compute 00(0).

2. Repeat step 1for 1,000 permutations, and create a histogram of the
corresponding enrichment scores O0nuLL.

3. Estimate nominal O value for U from O0nuLL by using the positive or
negative portion of the distribution corresponding to the sign of the
observed 00(0).

I JRE7E Step 2 1BHVIBEE A : (gene_set permutation, competitive)

4. How many samples do | need for GSEA?

This depends on your specific problem and data characteristics; however, as a general recommendation, if there are fewer than 7 samples per phenotype, GSEA
should be run with gene_set rather than ion. 3 samples per are the minimum for the GSEA default signal2noise, and the tTest,
ranking metrics.

If you have technical replicates, you generally want to remove them by averaging or some other data reduction technique. For example, assume you have five
tumor samples and five control samples each run three times (three replicate columns) for a total of 30 data columns. You would average the three replicate
columns for each sample and create a dataset containing 10 data columns (five tumor and five control).

(00000000 X https://docs.gsea-msigdb.org/#GSEA/GSEA_FAQ/
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GSEA (gene set with values)(self-contained/competitive)

I Step 3: Adjustment for Multiple Hypothesis Testing.

1. Determine 00(0) for each gene set in the database.

2. For each [ and 1000 fixed permutations of the phenotype labels,
reorder the genes in L and determine OO(C; ).

3. Adjust for variation in gene set size. Normalize the 00(0; ) and the
observed 00(0), separately rescaling the positive and negative scores by
dividing by the mean of the O0(0; ) to yield the normalized scores
000(T; ) and O0O(D).

4. Compute false discovery rate (FDR). Create a histogram of all O00(D; )
over all D and . Use this null distribution to compute an FDR U value,
for a given O00(0) = 000" 0. The FDR is the ratio of the percentage
of all (0; ) with O00O(T; ) 0, whose O00(D; ) OO0, divided by
the percentage of observed 0 with O0O0(0) 0, whose 0OO0(0)  0OOC%,
and similarly if O00(0) = 000 0.
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GSEA (gene set with values)(self-contained/competitive)
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Multiple testing adjustment

O-value #EE®EERER (self-contained or competitive) £ FE#RAY pathway A
EEZE (single test)
D FUREZHAR  EREMBIBZNER www
FDR EEELIBEEN pathway HE NEREE ) REED WEXE3IS
(multiple test) » BT FDR B RIETEER fF’m
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\(0w0)/ Intermission HFIZ{KE \(0w0)/
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Outline

First hour:
I Definition: Set-based analysis (non-graphical)
I' Underlying statistical hypotheses: Competitive vs. Self-contained
I Common statistical tests: Hypergeometric / 02 / GSEA (KS)
Recall O-values and multiple testing problem: FDR
Second hour:
I' Common databases: GO / KEGG / MSigDB / STRING / Reactome
I Requirements:

Dataset Gene set (with/without values)
Knowledge Database (hierarchical or not) & TH&#Z 7]

I Demonstration: STRING / STAGEs / WebGestalt
I Afterword: The art of fine-tuning

(00000000 B https://www.nature.com/articles/s41596-018-0103-9
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STRING v12 Demonstration

Usage scenario:
I Single protein
I' Multiple proteins
I' Multiple proteins with value
I Search known pathways
stz -
I' Hub proteins / Bottleneck

I' Pathway highlighting
e ARONBRSEBEE ERXIEH clusters BERIERS
https://version-11-5.string-db.org/cgi/network?networkld=bQ32wU7U2Dbk

I' Clustering

(00oooooo '
https://string-db.org/cgi/about?footer_active_subpage=references
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