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Robust Rank Aggregation and
Its Applications In

Bioinformatics

Raivo Kolde
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Rank Aggregation Problem

* Problem:

— Combine preference lists 210

211161_s_at

into final ranking of items s«

221729_at
. . . 202403_s_at
* Applications:
215076_s_at

— Voting/eleotions 202311_s_at

201852_x_at
— 212012_at
Web search 212012
211980_at

— Information Retrieval 201438 at

208782_at
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Example of RA Problem Ig
Bioinformatics

e Goal:

— Associate genes/proteins with diseases (based
on known associations)

« Data sources used
— Structural similarity of proteins
— Co-occurrences in literature
— Similarity in regulatory areas
— Similarity of activity patterns

Aerts et al, Nature Biotechnology 2006
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Distinctive Features

» Data sources produce noisy results
» Some data sources can be useless
* Significance of the results has to be shown

* The set of items usually genes/proteins with
known number of members




el

Robust Rank Aggregation

212489 at
203325 _s_at

 Score one item at a 211161 o o

ti m e 221729_at

202403 _s_at

» Compare with random

215076_s_at
202311 _s_at

Ca S e 201852_x_at

212012_at

» We expect uniform

distribution 201438

B —
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Robust Rank Aggregation

e Score one item at a
time

 Compare with random
case

* We expect uniform
distribution

202403_s_at 9 167 4851 385 9

’ ‘
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Robust Rank Aggregation

202403_s_at 9 167 4851 385 9

[ — T———

» Score one item at a - X

time
 Compare with random
case

* We expect uniform
distribution
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Algorithm

 For each item
— Sort rank vector

— For each sorted vector
element calculate p-value

— Use the minimal p-value
as the score for item

o Sort the item based on
scores

* Filter out significant
results
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Advantages of the Algorithm

* |[nsensitive to noise
» Gives significance for results
« Easy to calculate
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Extension to Top-k Lists

» Often only top k ranks
212489_at
g Iven 203325_s_at

202310_s_at
211161_s_at

¢ Exa m p I esS. 202404 _s_at

221729_at

— statistically sign. results 2024085

202766_s_at

— database queries 215076 s at

202311 _s_at
201852 _x_at

« Strategy:

212013_at

— Assign maximal rank to  211ss0t

201438_at

NA ranks 208782_at
— Use RRA as usual |
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Extension to Top-k Lists

» Often only top k ranks o1 D2 b3

212489 _at 10 5 NA

g iven 203325_s_at oNA  NA

202310_s_at 3 NA NA
211161_s_at 16 88 NA

¢ Exa m p I es. 202404 s_at 18 4 NA

221729 _at 22 7 NA NA

—statistically sign. results = zsasa sna v wa

202766_s_at 5 NA NA NA

_ database queries 215076_s_at 14 38NA  NA

202311_s_at 29 NA NA
201852_x_at 7 9 NA NA

¢ Strategy: 212012 at 23NA NA  NA

212013_at 15 NA NA NA

—Assign maximal rank to  zmes0at  1sna Na N
201438 _at 12 NA NA NA
NA rankS 208782 at 6NA NA NA
B ———
— Use RRA as usual
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Extension to Top-k Lists

» Often only top k ranks
212489 _at
g iven 203325_s._at 2

202310_s_at 3
211161_s_at 16

¢ Exa m p I esS. 202404 _s_at 18

221729_at 22

— statistically sign. results | zzsa o

202766_s_at 5

—database queries 215076 s at 14

202311 _s_at 29
201852 _x_at 7

« Strategy: s2oizat 23

212013_at 15

— Assign maximal rank to | zies0a 13
NA ranks soerso s |6
| —

— Use RRA as usual
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Comparison with Common
Method

» Usual method:
— count the appearances in the top lists

— simulate or take an arbitrary significance
threshold

* Our methods advantages:
—generalizes the common method
— proper significance scores
—no ties in results
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Possible Applications

Gene expression similarity search

Network reconstruction based on gene
expression

Meta-analysis of microarray studies
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Questions?




