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It's hard work at times, but you have to be realistic. If you have a
large database with many variables and your goal is to get a good
understanding of the interrelationships, then, unless you get lucky,
this complex structure is bound to require some hard work to
understand.

Bill Cleveland and Rick Becker
http://stat.bell-labs.com/project/trellis /interview.html
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Expression Profiling

Why profile transcription?
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Expression Profiling

Why profile transcription?

@ Major mode of regulation
@ Due to feedback, “shadows” other modes of regulation

@ Thanks to Watson-Crick base pairing, we can assay arbitrary
nucleic acids in a uniform way
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Expression Profiling Workflow

~ITTT~
Probe design .
with unique Label Amplify
mapping to genome (aRNA or cDNA) (bar code)
S Hybridize Sequencing Reaction
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(TIFF)

(GPR) k\ Digitize -A (FASTAQ)
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GEO deposition \\ Archive Map to genome

(NOMAD, MADAM, Acuity) (SAM, BAM)

Normalize ariMerge (coT)
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Expression Profiling Analysis

Visualization (e.g., Heatmap)
Observation
Annotation

Clustering
(hierarchical,
K-means,
PCA, etc.)
Experiment Model
Statistics
(ANOVA,
Bayesian,
etc.)
Hypothesis
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Sample Preparation
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Transforming Ratios




Transforming Ratios




Transforming Ratios
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The CDT file format

Minimal CLUSTER input Cluster3 CDT output
EWEIGHT
% logratios %
B e logratios
Il I
a
S S
Z
)

@ Tab delimited (\t)
e UNIX newlines (\n)

@ Missing values — empty cells
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Comparing all measurements for two genes

Comparing two expression profiles (r = 0.97)
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Comparing all genes for two measurements
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Array 1, log2 relative expression
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Comparing all genes for two measurements

Euclidean Distance
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Comparing all genes for two measurements

Uncentered Pearson
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Measure all pairwise distances under distance metric
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Hierarchical Clustering
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Hierarchical Clustering
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Hierarchical Clustering
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Hierarchical Clustering
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Hierarchical Clustering
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Using the Cluster3 GUI

X Gene Cluster 3.0 v X

File Help

File loaded

Job name

Rous
Data set has
Colunns

—Filter

A % Present, >=

|

15D (Gene Vestor) 2.0
At least observations with abs(al) »= | 2,0

A Haxal - Minfal >= | 2,0

fpply Filter

[f Tra
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Load your data

Help
Open data File
e data File te/karnic/Projects/Courses/Bnshini course exanples2/supp2ata. bt
Quit
Job nane supp2data
2457 Rous
Data set has
79 Columns
Filter
i Present >= &
I 8D {Bene Yeotor) | 2.0
At Teast sbseruations with abst¥all >= | 2.0
i Madal - Hinbal »= | 2.0
fpply Filter
Ta
Itancellen
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Choose distance function

K Gene Cluster 3.0 RESEES

File Help

File loaded iedkarnic/Projects/Courses/Bustlini course/exanpl es2/ supp2data, tdt

Tob nane suppZdata
2467 Rows
Data set has
79 Columns
Arr
I Cluster
A Calculate I Calculate
weights ueights
Sinilarity Hetric Sinilarity Hetric

~Clustering methad

Centroid linkags| Single linkage| Conplete Linkage| fuerage Linkage

[ Tva

|§:amenen

Mark Voorhies Expression Prof



Choose linking method

X Gene Cluster 3.0 v X

File Help

File loaded ie/karnic Projects/Courses/Bistinicourse/exanp | 652/ supp2data, bt

Jab nane supp2data
2467 Rous
Data set has
79 Colunns
firr
I Cluster I Cluster
i Calculate I Calculate
ueights ueights
Similarity Hetric Similarity Metric
4 4

—Clustering nethod

Centroid lmksgei Single linkage| Conplete Linkags| Auerage Linkage

B

Iﬁﬂme Clustering
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Using JavaTreeView

) Java TreeView 9 @&

=

File Settings Analysis Export Window Help
Hello How are you Gentlepeople
Welcome to Java TreeView
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Adjust pixel settings for global view

Java Treeview Projects/C data cdt 9@ &

£
File [Settings | Analysis Export Window Help
[ De

Annotations...

- Usage Hints
(Click-and drag to scroll

Pixel Settings...
Presets »

=[]
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Adjust pixel settings for global view

£

Eile Settings Analysis Export Window Help

Dendrogram
iew Status :‘ 4
o status info f F
& Pixel Settings OREE
CHITI D X: Y:
2| Global: O Fixed Scale O Fixed Scale
® Fill @ Fill
x: g
Zoom: ® Fixed Scale 12,0 | ® Fixed scale[12.0
O Fill O Fill
Contrast: paliedsc
[« [i] D
LogScale: [JLog (base 2) Center:

| mrpositive | [ mzero | | mNegative | | EMissing |

Colors: | Load... || save.. || make preset |
| |
[l 0

4 [ [ g K1
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Select annotation columns

Java Treeview Projects/C data.cdt ORORES

[z

Eile [Settings | Analysis Export Window Help

Dei Annotations...

Sk Usage Hints

[Miew | T
v Click and drag to scroll

No s

[GDH3  GLUTAMATE BIOSYNTHESIS — NADP-GLUTAMAT
GLUTAMATE BIOSYNTHESIS  GLUTAMATE DEH

LD [
—
e
oF

g

SECRETION NSF; WESICLE FLSION
[4BF2 MITOCHONDRIAL GEMOME MAT (PUTATIVE) HM
FHO3  CYTOSKELETON GTP-BINDING PROTEL
[TFBL _ TRANSCRIFTION TFIIH 75 KD SUBUNT
[TAFL45 TRANSCRIFTION TFIID 145 KD SUBLN

[1MPS2  ENDOCYTOSIS (PUTATIVE)  TNOSITOL POLY.

[FOB3 D& REPLICATION (PUTATIV BINDS DMa POL
PHOS  PHOSPHATE METABOLISM CUOLAR ALKA
[GATL  NITROGEN CATABOLISM  TRANSCRIPTION F
DFPL  PHOSPHOLIPID METABOLISM DIACYLGLYCERD
MRP20  PROTEIN SYNTHESIS RIBOSOMAL PROTET
DRS2  TRANSPORT CA(2+) TRANSPORTING &
ECML3 CELL WALL BIOGENESIS LINKNCHIN

EUB2  CELL CYCLE, CHECKPOINT — LNKNOWN

CTK2  CELL CYCLE CYCLIN-LIKE

GCWS  CHROMATIN STRUCTURE  HISTOME ACETYLT
MiNd  PROTEIN GLYCOSYLATION  PHOSPHATIDVLI
[TFCS  TRANSCRIPTION TFIIIE 90 KD SUBLN
SNF2  TRANSCRIPTION COMPONENT OF SWI/S
SEC2 SECREFID GDP/GFP EXCHANGE FACT
UFEL  SECRETION R _MEMBRANE T-SMARE
NUP42  NUCLE&R PROTEIN TARGEFIN NUCLEAR PORE
WHI4  CELL SIZE PUTATIVE RNA BINDING
Lss1 2 SPLICING UG SHRNP PROTEIN
FEF2 2 3'-END PROCESSING  LNKMOWN

GLE2 ICLEAR PROTEIN TARGETIN NUCLEAR PORE
BATL NCHED CHAIN AMINO ACI TRANSAMINASE
0T 2 TING TRENSCRIPTIONAL REGLLAT
KGD2 GLUTARATE DEHYDR

Yol 2- O
COQ4  UBIQUINONE BIOSYNTHESTS —LINKMOWN
CcPL  OXIDATIVE STRESS RESPONS CYTOCHROME-C
POXL  GLYCOLYSTS PYRUVATE DEHYDROGENAS
[ECM37 CELL WALL BIOGEWESIS LNKMNOAN
~||ECH27  CELL WALL BIOGENESIS LINKHOAN
| K1 I 3
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Select annotation columns

£

File Settings Analysis Export Window Help

“Dendrogram |

iew Status B Usage Hints

Row: 7 (Yl Mouse over ta get info

a|[viLo6ZW [GDH3  GLUTAMATE BIOSYNTHESIS  MADE

GLUTAMATE BIOSYNTHESIS _ OLLY
S VESICLE
& lAnnctation Seftings HITOCHCNDRLAL GENOME L (o
“Array Tree | Gene Tree | TRINSCRIFTION ;EHH "
Gene Array EMDOCYTOSIS (PUTATIWE) — TND¢
Headers to include *OSEEE%CMSQN (Pg‘ﬂl‘f BINC
GID TROGEN CATAB: TRANS(
ORF HOSPLCLIFID | MFFAEOLISM A
NAME A
Ch{2+] TRANS

GWEIGHT B L WAl BIOGENESIS LINKT
CYCLE, CHECKPOINT Ul

LE -LIKE

SRGMAT Th STRUCTURE ST

GTEIN CLYCOSYLATION,  PHOS

FITI8 6

RIpTToN Coiohe

P EXCH

RANE

01 M
PROTEIN TARGEFIN HLCL

i S
END PROCESSING LINKT
PROTEIN TARGETIN M
D CHAIN AMINO ACI TI
NSCRIF‘TI Nr

]

LE
E BIDSVNTHESIS uNKv
RESS RESPONS CYT(

e e e e e e e e e e
i

SIS ATE DEI
—[¥T | BIOGENESIS UNKT
| VAT CELL WALL BIOGENESIS UK
»

I ]
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Select URL for gene annotations

Java TreeView Projects/C data. cdt ¥ & X
Settings | Analysis Export Window Help
Annotations...
ald Usag ints
¥ o RS g to coral

onIHRRYERERRT e80T g

¥ Gene Url Presets... e 555588255000

i

Array Url Presets...

Dendrogram Color Presets...
KnnDendrogram Color Presets. ..
Karyoscope Color...
Karyoscope Coordinates
Scatterplot Color...

a[[riLe6zw  GDH3  GLUTAMATE BIOSYWTHESIS  NAD
Evo 75C [GDHL  GLUTAMATE BIOSYWTHESIS  GLLT
[YBROSOC  |SEC18  SECRETION NSF; VESICLL
TMRO7: AEF2 MITDCHONDRIAL GEMOME MAI (PLr
03 BIND.

A CYCLE
UBIQUINONE EIOSVNTHESIS IJNKV
OXIDATIVE STRESS RESPON:

e EE e e e e e e e e e

1 GLYCOLYSIS PVNJVATE DE}

Tl 7 CELL WALL BIOGENESIS LNKT

hd| Al 27 CELL WALl BIOGEWESIS URKT
e fn]To][a Il »
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Select URL for gene annotations

2]
Eile Settings Analysis Export

Dendrogram

Usage Hirts
Click to select node
“use arrow keys to navigate tree

[TALOSMW  GDH3 ~ GLUTAMATE BIOSYNTHESIS — NADE

| - IYOR37SC  GDHL  GLUTAMATE BIOSYNTHESIS — GLU

Presets OROREIR

I

K

]

Modify Url Presets i

Enabled Header Name Template Default? ji

(] [* [sGo Ittp://genome www4.stanford. edu/cgi-bin/SGDlacus. pllocus=HEADER |@® i

m] [+ JvPD JIhttp:f/www.proteome. com/dat. PD/reports/HEADER. html 1o I

[m] [+ [wermgase | rceid=mozilla-search&amp;start=0&amp:start=0. - utf-8" 1Y

[m] [ [Source clonelp_|lhttp://genome wwwa.stanford. edu/cai-bin/SMD/source/sourceResult?option=ClonelD =] ]

m] [+ [FiyBase |Inttp://ftybase. bio.indiana. eduf. bin/fogena. htmiZHEADER [[e] ¥
m] [+ [MousesD Es.jax.or let/SearchTool? que ry=HEADEI lectedQuery=Genes+and-+Markers|
[m] [+ |GenomeNetEcoli |lhttp://www.genome.ad.jp/dbget-binwww bget?ecoHEADER [[&]
None [w]

TURLYOW  HEFZ  FIRNA S -ENU PRULESSING  UNKD

[YERLGVC LEZ2  NUCLEAR PROTEIN TARGETIN NUCL

| HRZ20EM AT1  BRAMCHED CHAIN AMINO ACT TRAI

[ "ERGSEN 0T2  MATING TRANSCRIPTION:

[YDR148C GD2  TCA CYCI 2- OXOGLUTAR)

[ YDR20M 004  UBIQUINONE BIOSYNTHESIS —UMKI

["KROBEC CP1  CXIDATIVE STRESS RESPONS CYTY

[YGR193C DXl GLYCOLVSIS PYVRUVATE DEF

[[YIL146C [ECM37 CELL WALL BIQGEMESIS LINKE

hd TIYIR106W ECM27 CELL WALL BIOGEMESIS LINKD

a 0 KN [»] i« I | RN Il I»]
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Activate and detach annotation window

Java TreeView Projects/C i data.cdt v o X

Eile Settings [Analysis| Export Window Help
Dendrogram | Find Genes... .
Wiew Status Find Arrays... triA Usage Hints
No status info f|[| stats. i ges Click’and drag to scroll
Flip Array Tree Node colo | e~SHARISRBRRESSSES sag88
l cnpomEEEonEEREEEEEO a8
Flip Gene Tree Node H5EEEEEEEEEEEEEEEEE oS50
L] D) e cic i icicininininining

Align to Tree... trhA
Compare to.
Remove comparison
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0
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7
3
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g
.
7
&

7 75C (GDHL  GLUTAMATE BLOSVNTHESIS  GLU

[SammacyjWindosh Cls SECRETION s vesicl

YWRO72W  WEFZ  MITOCHONDRIAL GENOME MAT (PU

e og=m [FIL115W RHO3  CITOSKELETON GTP-EIND:

Alignment 1 ISCRIPTION TFIIH 75

CRI TFIID 14

KnnDendrogram INPS2 ENDOCYTOSIS (PUTATIVE) — INGE

Karyoscope A REPLICATION (PUTATIV BIN
HOSPHATE METABOLISM
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u EN
1 ct
u E
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Activate and detach annotation window

(& @ Java TreeView Projects/C cdt v X
File Settings
Dendrogram
Find Arrays...
stats... Wame | Ametaton|
Dendrogram
Alignment
KnnDendrogram —
Karyoscope '__ 1G] RELAT..| NAME |ANNOTATL...
Scatterplot 0 ... NODE. 796 -
ArrayTreeAnno g gggééé - g 7 g
GeneTreeAnno 3 e o
Remove Current g Z?
Detach Current s o
0 13
0 . 4
0 304111
0 03188
0 7
0
0 4
0 1
0 42
0 78
0 7761
0 71103
0 0487
0 0385
0 765
0 095
0 151
IODE2 646
ODE2 09832
ODE2 0.087408 =
ODE2 0.354351
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Activate and detach annotation

(=] Java TreeView : Projects/C data cdt 9 @&
File Settings Analysis Export Window Help
Dendrogram
Mew Status B Ueagebings,
o = ouse over to get info
ollimn; 48 (sp ERSRARR o
alue: 1,34 i anATEc3RIET
o
< REEEEEEE
= €DCL4 MITOSIS PROTELN_PHOSF
u ORCL  DNA REPLICATION ORIGIN F
REV7  DNA REPAIR DhA POLYMEF
W NOME  TRAMSPORT HEXOSE PERM
PESA  DNA REPLICATION _ LINKNOWN:
i MIPG  MRNA EXPORT, PUTATIVE  RNE
M DIN?  DNA REPATR [PUTATIVE]  DNf
v STUZ  CYTOSKELETON SPINDLE
v DHSL  DNA REPAIR EXOMICLEASE
VILI1SOW  BNRL  CYTOSKELETON ACTIN FI
VKLGAZ  SPCAZ  CYTOSKELETON SPINDLE
VNL225C M7 CYTOSKELETON SPINDLE
VCREDZC  CDC1G CYTOKINESIS TP BINDINC
VOR2104 L84 CELL CVCLE G2/M CYCLIN
| VLR314C  €0C3  CYTOKINESIS SEFTIN
VBROSC  GIPL  GLUCOSE REPRESSION  {PUTAT
VDLISSW  CLE3  CELL CVCLE G2/M CYCLIN
_||voRllew  l4Pca  CELL cvClE ANAPHASE- PF
VORZS3C  MET32 METHIONINE METABOLISM  TRE
VMRI0EW  CIKL  CYTOSKELETON SPINDLE
~AvoR11AC pns1 CRLL PR AKAPHASE Th
Sporulation q i
¥ Name [Sporulation | Annotation [Genes uprequlated in sporulation |
[ NODEID LEF [CORRELAT..] NAME _|ANNOTATI
0 .. [NG 0.627 Sporulation|Genes up...
{ el 0 0.627;
Inoi O 0.627.
o ] 0.627;
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Homework

@ Compare the effects of different distance metrics and
clustering algorithms on the data from the Eisen paper (note
that the GORDER column for the human data will make
comparison easier).

@ Practice annotating clusters in JavaTreeView. Try to find the
annotated yeast clusters from the paper. Follow the links to
SGD to see if the annotations for these genes have changed in
the past decade.

@ Read Bioinformatics 20:3710

Reminder: we are in HSW-532 tomorrow!
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