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What Is C_prrently rate-limiting in
gene expression profile analysis?

=

« One ca @b an experiment (hybridization)
overnight to generate dat

e One can cluster the data in a few h.ours to
generate iInformation

o However It IS strII a manual, trme.
consuming process to tgansfosm

Information into knowledge and insights
ol -




.
e i
s Argay Interpretation
- B E =S

-

e The*“ I\/I%tirlals & Methods” for doing this®
are rarely documented -

 Procedures mainly consist of manual
explorations of the literature and
annotation in genome databases, one
gene at atime .

« At some pointiin the pro€ess, the biologist
I.Ihas enough information to tell'a story
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V. R. lyer et al. (1999) The
Transcriptional Program in the Response
of Human Fibroblasts to Serum.

Science 283:83-7
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In vitro simulation of wound healing

Schematic
representation of
the wound repair
pathway

Microarrajfanalysis
Was used to monitor
wound repairgenes in
cultured fibroblasts

1
Interlmukin 6 precumsor

C Inflammation

fied by monoclonal Ab Ki-67

. . o , NET1/p11E rho GEI
proliferation e Cytoskeletal reorganization

Fold repression [

P i ; 5 — Angiogeﬁesis G Re-epithelialization
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e Automated
“Executive Summary” m

-

. i
 Initially based on NCBI S Entrez
Information retrieval system "

« Automated pre-processing of expression
data togproduce first-pass summaries ofg

significant or recurring themes &
e .
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Connecting Gene Expression Data with
# ® Entrez ® - :

Full-text B
e-journals

expression
data
. Maps & Prote
; Genomes FOTEINS e Taxonomy

L c I e LI




T Wt'Ennkmarks .\_& Lu:uc:aliu:un:Ihttp:H.-’www.nu:l:ui.nlm.nih.gu:uwhtl:uin-pnsta"Entrezx’query?db=m_s

j @T Wwhat's Related

Details | |1:u:19 Search | Clearl

Docs Pet Page: |20

= EntrezDate]jﬂﬂt:lNﬂ Limit 'I

8 citations found

Display ||Ahstract report j for the articles selected {default all).
Order | documents on this page through Loansome Doc

[T WeBride HI et al [See Belated Arficles]
Distinct regions of the Swid and Ace? transcription factors are required for specific gene activation,
T Biol Chem. 1999 Jul 23,274(307:21029-3¢6,
PNID: 10409653, UL 99340033,

M Leel etal [See Belated Articles]
Interaction of veast Evs 167 and PhoB5 cyclin-dependent kinase complexes may link the cell cycle to the
actin cytoskeleton,
Curr Biol 1998 Dec 3;8(24).1310-21.
PMID: 5843683, TL 99062011,

[T Tennyson CM et al [See Related Aricles]
A& role for the Pel9-PhoB85 cycln-cdk complex at the MAG1 boundary i Saccharomyces cerevisiae,
Mol Microbiol 19598 Apr28(10:65-79
PID:, 9553257, T 982541259,

[T Aemne BL, et al [See Belated Articles]

Swid controls a novel wave of cyclin synthesis in late mitosis.
Mol Biol Cell 1998 Apr9(4).945-56,

PID: 9529350, T 98198430,

I (==

| Document: Done

4l

Query term: PCL9

PMIDs retrieved
Initial search:
10409653
9843683
9593297
9529390
9032248
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—— Article PMIDS —

J

Iterative searches of
PubMed to convergence

a7

—— Article PMIDs —

J

Ilterative searches of
PubMed to convergence
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AutoSummary
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PMIDs for all over-
and under-
expressed genes

~__ -

Summary D

PubMed to convergence

- =

Then cluster documents .
rather than gene J > Summary E

expression levels.

‘ ' lterative searches of

Summary C

Summary A

Executive

= Summary

Summary B




Entrezdl ext Neighbdring

Genetic Analysis
of Cancer In
Families

« Vector cosine method

e .Commoniterms could
In@licate similar
subject matter

 Weights based on
term frequencies
within document afnd
within thé*databaseas
“a whole’

e Some terms aie better
than others

The Genetic

Predisposition to
Cancer
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Informatiye Document Features
o

=
ni
N + !
e MeSH terms L
e Title terms .
o Abst_ract terms =

* Full-text terms (not yet available)
 Bibliography (not )'/"et av'z:!'lilable) 2
™« *Other fields probably not uséful




Challenges with the AnalysiS of

¥ “Dbcument Space” _
-

L
N 0 i

e Language, even in techmical literature,
iS imprecise and full of ambiguity,
nuance and shades of meaning

e Does |5rofe55|onal indexing help?

_ Studies of MEDLINE have sh:)wn that

IndeXxer consistency is only ~34% -
-
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e

Indexer (in)consistency

E &

iJ

-

« Funk & Reid (1983) Bull. Med. Libr. Assoc.

71(2):1263183 -

f
CP% = 100A
A+M+N

)

.

A= number of terms in agregment g

M= number of terms used by indexer M, but not N
" N= number of terms used by indexer N, bt not M




What is a'good metric to judge
* how Well we are"doing? _

=
ni
As
e Compare results of automated process
with published human interpretation

 Compare results of automated process

with cufated annotation in a genome =
=

database : - =

e -




"
Yeast Model System_

-

 Advantages =
— Many Eunllished, availab_le data sets L
— Curated references and 5escﬁ)tions of Ei.ology for
each gene in the SGD
 Disadvantages

— Results may not extrapolate well to mammalian
-
systems

: : . '
— Many yeast genes are conljlned Ny single
GenBank record making the associated reference
@ paper uninformative for neighboring i




P.T. Spellman et al. (1999Comprehensive Identification of Cell Cycle-
regulated Gene of the Yeast Saccharomyces cerevisiae bysMicroarray
Hybridization. Mol. CeII_..BioI. 9:3273-3297
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Su;nmary O.‘. Spellman Data & Our-Goals

— osi_
800 genes found to be cell-¢ycle reqgulated

Only 408 had curated references in. SGD -
Some genes shared the safie reference

We found 344 distinct documents (“kernels”)
on which to test our methods

The goal'is to search a large document "
database with these kernqls and_].far each
gene, return:

" _— A set of related documents -

— A set of summarizing ter:rlps (atheme)




Similarity Queries over Document'Space

[

NCBI

Documents for K1

. Terms for K

Assign . Similarit . 1
Similarity

Pubmed . v

Document Query Processo

Documents for KN

Terms for KN

Documents
Database




e o
§imi|agty Query Processor
(GeneTheme algorithm) =

=

. . [~ i
 Starts by generating a roughgapproximation of
the distribution based on the kernel decument

 Uses an EM algorithm to iteratively rank the
documeqts based on.the current distribution,

 Then generates @ new distributionithat
maximizes the'likelihood &f the database
ghartition into theme and ofi-theme documents

L 3
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Term Distrib_lution In “Bagel” Doeuments
4
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Jhe Ogtput of GepeTheme
—{ \car

-

A list ofthetop 50 documents discussing
the sametheme as the'Kernel doctiment,
ordered by their degree o#elevance to the
theme I

o A list of terms (“executive summary”)
summarizing the theme

. NextmHow doswe find fumctional
relationships among genes?




Assign
Pubmed
Document

Kﬂ e
Docs for K1

Convert to
M-Dimensional
Vectors

Docs for KN

v

Similarity

QQuery Processor

(Dncuments for K1

Terms for K1

I<Documents for KN

“kernels” T

Terms for KN

Documents
Database
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Coefficients

Map
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Finding Fungtional Relations among
Genes

i,
50 documents | = Kla <V,®,V;.. ¥ V>

N ' 0 ' i
: -

.

———) I
50 docume.nts Kn ‘& <V1 V2 V3 i, VM>.

. =
l 2. CoAvert.each kernal to a

hN . vector of PMIDs =
1. “@nionize” to obtain i

dimension of vector 3. Use vector cosine method t0
fimd functional relationships




Kernal = PMID 8¥02485 (Gene ELO1Y

Keywords |Genes —unction

—atty acid, |OLE1 Fatty Acid, Sterol Metabolism™*
-atty, FAA4 ~A/Lipids/Sterols/Membranes
_ipids, FAA3 ~A/Lipids/Sterols/Membranes
Acid, SUR2 ~A/Lipids/Sterols/Membranes
Carbon, ERG2 ~A/Lipids/Sterols/Membranes
Growth, FAAl ~A/Lipids/Sterols/Membranes
Medium, ERG2 ~A/Lipids/Sterols/Membranes
Synthase, |[PSD1 ~A/Lipids/Sterols/Membranes
Strains, CYB5 ~atty Acid, Sterol Metabolism™
Deficient PGM1 Carbohydrate Metabolism*




Kernal = PMID 7851133 (Gene HXT7)

Keywords

Genes

Function

Hexose,
Glucose,
Fructose,
Uptake,
Glycolvytic,
Sugars,
Aerobic,
Synthase

HXT1 Nutrition

RGT2 Nutrition

HXT4 Nutrition

HXT2 Nutrition

GLK1 Nutrition

SEO1 Small molecule transport™
PRB1 Protein degradation™
AGP1 Nutrition

ZRT1 Nutrition

MIG2

Carbohydrate metabolism




Kernal = PMID 6823245 (Gene MCM2)

Keywords Genes Function
Ars, CDC10 Site selection, Morphogenesis
Autonomous, |PHO3 Nutrition

Replicating, |EST1 DNA Synthesis

Minichrom., |MIF2 Chromatin

Centromeric, |PHO12 Nutrition

leu?2, POL3 DNA Synthesis
Plasmids DHS1 DNA Repair
ura3 SNQ?2 DNA Repair

SMC3 Chromatin
EXG2 Cell Wall Synthesis
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Summary of GeneTheme Results

. &  NCBt |

e It Is an ‘effictent way for establishing o
putativ&flinctional rerétioaships between
genes ’

e It provides relevant literature needed by
the researcher for further evaluation - '

o
It generates a summary explainigg the
discovered relationshipsi &

e -
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Ongo.llng Experiments

, )

« More robust selection of high-quality ™ &
kernel §o€uments & - -

— machine learning techniques -
— human intervention at key points in process

o Try diffe_rent metrics

 Apply to mammalian data sets

« Extend to genes of unk@own féinction
ss«Customized reports -

e Establish a web server
L o
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Interpreting Gene Expressiom:Data

using mditiple information spaces
= 1

[ e o

Full-text B
e-journals

expression \ vl d
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; Genomes [l TTOteINS Bl 1oy onomy e
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