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Databases & Datamining

* Building the data
matrix

— Generic

- Gene centric

— Genomic region
- Network centric

e Databases



Building a Data Matrix

Generic



Generic

Data
Matrix

Entities

<=

0N OB WN -

RN N N e )
w N = O

Unsupervised analysis

- Knn

- PCA/SVD, CCA
— Hierarchial clustering

1

Features
"A" matrix

2

3

4

A(001,1) A(001,2) A(001,3) A(001,4)
A(002,1) A(002,2) A(002,3) A(002,4)
A(003,1) A(003,2) A(003,3) A(003,4)
A(004,1) A(004,2) A(004,3) A(004,4)
A(005,1) A(005,2) A(005,3) A(005,4)
A(006,1) A(006,2) A(006,3) A(006,4)
A(007,1) A(007,2) A(007,3) A(007,4)
A(008,1) A(008,2) A(008,3) A(008,4)
A(009,1) A(009,2) A(009,3) A(009,4)
A(010,1) A(010,2) A(010,3) A(010,4)
A(011,1) A(011,2) A(011,3) A(011,4)
A(012,1) A(012,2) A(012,3) A(012,4)
A(013,1) A(013,2) A(013,3) A(013,4)




Predictors Response
("A" matrix) Class

Generic LS S M .
1 A(001,1) A(001,2) A(001,3) A(001,4) ?
2 A(002,1) A(002,2) A(002,3) A(002,4) ?
D t n 3 A(003,1) A(003,2) A(003,3) A(003,4) ? ©
a a G_J 4 A(004,1) A(004,2) A(004,3) A(004,4) ? "5
-'E 5 A(005,1) A(005,2) A(005,3) A(005,4) ? (@)
u (e 6 A(006,1) A(006,2) A(006,3) A(006,4) ? o
Matrlx LLI 7 A(007,1) |A(007,2) |A(007,3) |A(007,4) 7] ©
T 8 A(008,1) A(008,2) A(008,3) A(008,4) ? 8
\V 9 A(009,1) A(009,2) A(009,3) A(009,4) ? @©
10 A(010,1) A(010,2) A(010,3) A(010,4) ? 5
1" A(011,1) A(011,2) A(011,3) A(011,4) ?
. 12 A(012,1) A(012,2) A(012,3) A(012,4) ?
¢ SuperV|Sed 13 A(013,1) A(013,2) A(013,3) A(013,4) ?
Classification 200 |[a(200,1) A(200,2) A(200,3) A(200,4) a
201 [A(201,1) A(201,2) A(201,3) A(201,4) b
202 [A(202,1) A(202,2) A(202,3) A(202,4) a
MethOdS 203 |a(203,1) A(203,2) A(203,3) A(203,4) a
204 [A(204,1) A(204,2) A(204,3) A(204,4) a
205 |[a(205,1) A(205,2) A(205,3) A(205,4) a
_ SVMS & Slmple 206 [A(206,1) |A(206,2) |A(206,3) |A(206,4) a
207 |a(207,1) A(207,2) A(207,3) A(207,4) a
. 208 |[a(208,1) A(208,2) A(208,3) A(208,4) b
I|near 209 |a(209,1) |[A(209,2) A(209,3) A(209,4) c
210 |a(210,1) A(210,2) A(210,3) A(210,4) c
L] L] L] 211 |a(211,1) A(211,2) A(211,3) A(211,4) c ©
dlSCHmlnant 212 |a(212,1) A(212,2) A(212,3) A(212,4) c ©
213 [a(213,1) A(213,2) A(213,3) A(213,4) a (m)]
. 214 |a(214,1) A(214,2) A(214,3) A(214,4) a b o)
—_ Nalve Bayes & 215 |a(215,1) |A(215,2) |A(215,3) |A(215,4) o] 2
216 |a(216,1) A(216,2) A(216,3) A(216,4) b 8 8)
more Compex ;:‘I; A(217,1) A(217,2) A(217,3) A(217,4) ¢ ilU :.3
A(218,1) A(218,2) A(218,3) A(218,4) a >
219 |a(219,1) A(219,2) A(219,3) A(219,4) a =
Bayes Nets 220 [a(220,1) [a(220,2) |a(220,3) |A(220,4) b
221 |a(221,1) A(221,2) A(221,3) A(221,4) c
222 |a(222,1) A(222,2) A(222,3) A(222,4) a
— NNS 223 [a(223,1) A(223,2) A(223,3) A(223,4) a 8
224 |a(224,1) A(224,2) A(224,3) A(224,4) a =
.. 225 |a(225,1) |a(225,2) |A(225,3) |A(225,4) a _‘g
— DeC|S|0n Trees 226 |a(226,1) A(226,2) A(226,3) A(226,4) b C__U
227 |a(227,1) A(227,2) A(227,3) A(227,4) b >
228 |a(228,1) A(228,2) A(228,3) A(228,4) c

()08



Generic
Data
Matrix

* Regression
- SVR

Entities

<=

Predictors
("A" matrix)
1 2 3 4

1 A(001,1) A(001,2) A(001,3) A(001,4) ?
2 A(002,1) A(002,2) A(002,3) A(002,4) ?
3 A(003,1) A(003,2) A(003,3) A(003,4) ?
4 A(004,1) A(004,2) A(004,3) A(004,4) ?
5 A(005,1) A(005,2) A(005,3) A(005,4) ?
6 A(006,1) A(006,2) A(006,3) A(006,4) ?
7 A(007,1) A(007,2) A(007,3) A(007,4) ?
8 A(008,1) A(008,2) A(008,3) A(008,4) ?
9 A(009,1) A(009,2) A(009,3) A(009,4) ?
10 |a(o010,1) A(010,2) A(010,3) A(010,4) ?
1" A(011,1) A(011,2) A(011,3) A(011,4) ?
12 A(012,1) A(012,2) A(012,3) A(012,4) ?
13 A(013,1) A(013,2) A(013,3) A(013,4) ?
200 |A(200,1) A(200,2) A(200,3) A(200,4) a
201 |a(201,1) A(201,2) A(201,3) A(201,4) b
202 |A(202,1) A(202,2) A(202,3) A(202,4) a
203 |A(203,1) A(203,2) A(203,3) A(203,4) a
204 |A(204,1) A(204,2) A(204,3) A(204,4) a
205 |A(205,1) A(205,2) A(205,3) A(205,4) a
206 |A(206,1) A(206,2) A(206,3) A(206,4) a
207 |A(207,1) A(207,2) A(207,3) A(207,4) a
208 |A(208,1) A(208,2) A(208,3) A(208,4) b
209 |A(209,1) A(209,2) A(209,3) A(209,4) c
210 JA(210,1) A(210,2) A(210,3) A(210,4) C
211 |a(211,1) A(211,2) A(211,3) A(211,4) C
212 |a(212,1) A(212,2) A(212,3) A(212,4) 3
213 [a(213,1) A(213,2) A(213,3) A(213,4) a
214 |a(214,1) A(214,2) A(214,3) A(214,4) a
215 |a(215,1) A(215,2) A(215,3) A(215,4) b
216 |a(216,1) A(216,2) A(216,3) A(216,4) b
217 |a(217,1) A(217,2) A(217,3) A(217,4) c
218 |a(218,1) A(218,2) A(218,3) A(218,4) a
219 |a(219,1) A(219,2) A(219,3) A(219,4) a
220 |a(220,1) A(220,2) A(220,3) A(220,4) b
221 |a(221,1) A(221,2) A(221,3) A(221,4) c
222 |a(222,1) A(222,2) A(222,3) A(222,4) a
223 [a(223,1) A(223,2) A(223,3) A(223,4) a
224 |A(224,1) A(224,2) A(224,3) A(224,4) a
225 |A(225,1) A(225,2) A(225,3) A(225,4) a
226 |a(226,1) A(226,2) A(226,3) A(226,4) b
227 |a(227,1) A(227,2) A(227,3) A(227,4) b
228 |a(228,1) A(228,2) A(228,3) A(228,4) c

Response

Unlabeled Data

Labeled Data

Testing

Value

= ] ] O ) ) ) ] N ) o) o)

o o = of wof =

4
wjof N

BN
INIRINENIN X B

Validation
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Represent predictors in abstract high
dimensional space
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Abstract high-dimensional space
representation

AI A2, A3 Aq ;11

V2 PCA
MDS
ol
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Building a Data Matrix

Gene Centric (yeast)
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Gene Expression Information and
Protein Features

< How many times | Abs. expr.
= does the Level
° sequence have (mRNA |Prot.
| Amino Acid these motif copies / |Abun-
% | Composition features? celll |dance Cell cycle timecourse
Gene-
Chip
e expt.
Q o
= = 2 [from |sage |(1000
Yeast =[N €5 [RY |[ta copies O |~ (N|m |« |0 o
Gene ID S 2 2|2 [@ E [Lab _|freq. [/cell) | |4 |1 [0 [0 [0 [0 [0 [0 [0
YALO01C 0l 11 0 1 Of O 0.3 0[? 5| 3 4 4 5| 4 3 5 5 3 5 7| 9 4 4] 4 5
YALOO2W 0l 0] O 0| 0] 1 0.2|? ? 8 4| 2| 3| 4] 3 4 5 5 3 4 4 e 4 5 4 3
YALOO3W 0f 0] O o[ 0] 0] 19.1 19 23| 70| 73| 91| e9| 105 52| 112| 88| 64| 159| 106| 104| 75| 103| 140 98| 126
YALO04W 0] O O 0| Of 0]? o[? 18| 12| 9o 5| 5| 3| el 4] 4] 3 3 5 5 4 5 4 6
YALO05C 0] O O 0] Of 1 13.4 16 17| 39| 38 30| 13| 17 8 11| 8 7| 8 e 8 8 7 9 8 14
YALOO7C 0f 0] O of 1] 4 2.2 8|7 15| 20| 32| 20| 21| 19| 29| 19| 16| 22| 20| 26| 23| 22| 25 16| 17
YALOOBW 0] O O 0] Of 3 1.2|? ? of 6 11 3 2 2l 2 3 4 4] 3 2| 3
YALOOOW 0l 20 O 0l 0] 3 0.6|? ? 6| 2 3 5 3 51 5 3 6| 6 4 3| 5
YALO10C 0l 0] O 0l 0] 1 0.3|? ? 1| 6 6| 4 8 7| 4 6| 7| 5 6| 6
YALO1T1W 0l 8 O 11 Of O 0.4|? ? 6| 5 4 8 5 8 6 6 6| 6 7 51 6
YALO12W 0l 0] O ol 0] 1 8.9 4 6.7| 29| 26 25| 27| 53| 26| 43| 36| 25| 28| 23| 28 31| 29| 34| 23| 29
YALO13W 0l 0] O ol 0] O 0.6(? 71 9o 6| 5| 14| 6| 12| 14| 10 9 9 9 10 9 8 6 10
YALO14C 0l 0] O ol 0] O 1.1(? ? 12| 13| 10[ 8| 10| 10| 12| 13| 12| 14| 11| 11| 11| 10| 11| 9| 12
YALO15C ol 11 0 0l 0] O 0.7 0 1| 19| 18| 14| 10| 14| 12| 17| 17| 14| 13| 11] 13| 16| 11| 14| 12| 13
YALO16W 0l 0] O ol 0] 1 3.3 5|? 15[ 20| 20[ 102| 20| 20| 30| 22| 18| 19| 18] 20| 21| 21| 23| 16| 16
YALO17W 0l 0] O ol 0] O 0.4(? ? 14 3| 3 4/ 8 5 6 6 5 5 8 9 10 6 5 4 7
YAL018C 0l 0] O o[ o] 4]? ? ? 4 2[ 2| 2 1 1 2l 2| 1 11 2 2 1 1
HEEnR

()08
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1st

generation, "Microarray” Data

Expression
Arrays
(Brown)

2nd gen.,

Proteome
Chips

(Snyder)

“

.

o
-
LJ
.
(o]
o]
L4
4]

3rd gen.,
Readouts
from
nextgen
seq.
(RPKMS)




| Fle Edt View Favoites Tooks

-5 Q04 au3|E -

| Address [&] o/ 7mm.ncbinim i gov/COG/

©)

Complete Genomes

% A Natural System of Gene Families from
|

I o G File Edt View Favoites Tooks Help |
tusters of Orthologous Grroups (COGs) |/~ - v ——

genomes, 6 major S M BR A e
least 3 lineages and thus corresponds to an ;|| Address [&] hitp://www.ncbinimnih.gov/carbin/COG/funu =]
Science 1997 Oct 24,278(5338):631-637,
Curr Opin Struct Biol 1998 Jun,8(3):355-6

Color Code s % Functional annotation

¢ E Escherichia coli

o influens|

o U Helicobacterpylori | | Code |COGs |Domains | Description
@ G Mycoplasma genitaliu ‘Tnformation storage and processing
& P preumoni,

¢ cC g

& M

¢ ¥

cross-org.,
just conserved,
Koonin/Lipman

Mose2 | 3 412 | Coenzyme metabolism

| b
a

23 ‘ 170 [prxd metabolism

©

@  |&]Done [ [ [ Intemet Y

Gene Ortology
function cellular_component process
function H cellular_component process H

1.1, nucieic acid binding(724)
1.1.1. DNA binding(350)
1.1.1.1. DNA helicase(19)

1.1. extracellutar(71)
1.1.1. fibrinogen(2)
7.1.1.1. fbrinogen alpha chain

1.1. cell growth and maintenance(1
1.1.1. metabolism(997)
1.1.1.1. carbohydrate metabol

1.1.1.1.1. ATP cependent i 1.1.1.2 fibrinogen beta chain 1.1.1.1.1. polysaccharide me}
1.1.1.2. mtochondrial ONA heli 1.1.1.3 fibrinogen gamma cha 1.1.1.1.1.1. glycogen met
1.1.1.3. AT DNA binding(2) 1.1.2. extracetuar matrx(17) 1.1.1.1.1.1.1. gycogen
1.1.14. bent DNA binding 1.9.2.1. membeane aitack comg 1.1.1.1.1.1.1.1. gy
1.1.1.5. chromatin binding(24) 1.1.2.1.1. membvane attack 1.1.1.1.1.1.2. gycogen
1.1.1.5.1. taminchromatin bé 1.1.2.1.2 membrane attack 1.1.1.1.1.1.2.1. gico
1.1.1.6. damaged ONA binding| 1.1.2.2 collagen(s) 1.1.1.1.1.2 starch metabo|
1.1.1.7, DNA repair protein(11) 1.1.22.1. collagen type XV 1.1.1.1.1.2.1. starch cat
1.1.1.7 1. ONA repair enzymé>| 11222 fibritar coragen(3¥~| 1.1.1.12 disacchande metal~)

GenProtEl :.coii genome and proteome database

earc

Back to mainpage

Schema of GenProtEC

This database can be divided into three logical layers

QUERY LAYER

¥4 Giick herst

il

Search
1 mﬂ RESULT
- t List genes|

-

Local data  Remot:

-

Browsing/Qu
Results layer|
Details Laye:
and literature.

remote data s

This system consists
Webbase. Webbase
with the tables that |
in template files whic!
tables and their relati

depth 5

i @ F|y”
fly, Ashburner

Gene Symbol | Function

1. HexA hexokinase (nfer

2 Hex-C hexokinase (nferr

= == I now extended to
4 Hex2 hexokinase

540501 nesokinase

B G2

e GO (cross-org.

Overview of the source tables and relationships from GenProtEC

Brum  Gene ISYN_GENE IDENT? MODULE BNUM  GENE 5w
b0764 oD 507648 10764 mods _ MODE
B0764  ohi)

. bO764 =y SMGRPS | MODULE  GROUP
TR bo763_1 242
B W SINSW ———find seneswithsimlor sroupioss . P07 24
50764 MO =
bo76s  wODG i bores 1

jores v NUMBER SUPERHEAD  HEADING CATEGORY

HMODULE  ALLCAT
o5 029
st cateories | 10764 | 500 7|
v roouie Tee
bo764 2 t

find enespf some tpe 765 1t
J bozes P

mbers

REF.TAB GENE SW  REFALL  COLIREF
1l —_—

Gen

56.00 Cell processes T
40.92 Metabolism

—lctgmetipe T

GENEPROD. MODULE PR 2
b0764.2

nsport  énions

Macromolecules Glycoprotein

GTYDECOD DESC  TYPE
e 1

o requistor 1

0D (]
alanine racemase 5.1.1.1

REF_ID  REFERENCE
16 Scott, D.and Amu, N. K.(1989)
Molybdenum accumulation in chiD
mutants of Escherichia

ProtEC

(E. coli, Riley)

by GENE and SW and not by MODULE.

Welcome to MIPS - Netscape
Fio E® View Go Communicator Help

I [=] 3

o " Bookmarks & Location: [Fitp //vwew mps brocheen mpg de/

] @27 What's Reloted

7/
£

mips |

Yeast
Arabidopsis
Human

v

Ed Viw Go Commuricair

Hep
7| b Botmake ) Locsin oo oot o et =] € WnatsReied [l

munich information center
for protein sequences

Netscape

+ METABOLISM (1046 ORF)

|

PIR-I
Protfam
Pedant

v vwvew

About MIPS
Publications

-

= i
* nuclsotide metaholism (140 ORF=)
' puine-shonucleotide metabolism (¢
= pyimidine-thonucleolide metsbolism

= raqulation of nucleotide metabolism (1
= nucleotide transport (13 ORF<)
= other nucleotide-metabolism activies
* ghosphate metabolism G1 ORF:
= phosphate wilzation (13 ORF)

u phocihaie e

10 OzFo

o~

yeast,

mentation (G4 ORF-
metabolism of energ)

= deoxyrbonuclectide metsbalim (12 ORF2)
Sequence DB Acce| ® metabolism of cychic and unusual nucleotides @ ORFs)

= requlation of phosphate ulization @ ORFs

MIPS/PEDANT

RF:)
21 ORF)
RF:

ORFs)

ompredensi

Functional
Classification

ENZYME

SwissProt
Bairoch/

Apweiler,
just enzymes,
Cross-org.)

Mewes

ushalose) G7 ORFs)

o= Documank Done

L & 90 @ 2| /|

Also:

Other
SwissProt
Annotation

WIT, KEGG
(just pathways)

TIGR EGAD
(human ESTs)

SGD (yeast)

()08
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Prediction of Function on a Genomic
Scale from Array Data & Sequence
Features

1 1] H L 1]
Array Function
Experiments Description
=
o | = .
>0 < | Amino 3 [ £
© (|4 | @ | Expression S| Acid : S =
c £ : c Motifs els|®
Q s 9 Timecourse o Comp- | S|g | &
ags Y =
O | X % I osition | €18
mn 5 o
— <= 10| 0O
o 720 (S0
c
(o] [
= — £
3 2 g | | %
o = X ) = ®
X @ % |5 0 2 = =
Zz | B 1l © ) 2= @ O £ g
1 o o | 1] = da|D|= £ 3 e ?
E PoLiL 1 AlC Y|Z|T|%|F S o = )
YALO01C 0.3 0.3 5 1160| .08| .02 .04 1 of of O TFIIC (transcription initiatio 4.1|la N
YALOO2W 0.2 0.2 3 1176] .09| .02 .04 0 0 1 1 vacuolar sorting protein, 134 6.4||b C
YALOO3W 19.1| 0.909 70| 73 126 206| .08| .02 .04 O Of Of O translation elongation factor| 5.4|a N
YALOO4W 0.632 215| .08| .02 .04 0 0 0 0 ribomosmal protein S11 1.1]|no M
YALO05C 13.4| 0.339 39| 38 14 641| .08| .02 .04 O 0O O 1 heat shock protein of HSP7| 4.8|[no C

@ Different Aspects of function: molecular
action, cellular role, phenotypic manifestation
6000+ Also: localization, interactions, complexes

14 -



Typical Predictors and Response for Yeast
(6000 genes X 1000 features)

Basics Response
How many Abs.
- times does the | expr.
kS sequence Level
E, have these (mRNA |prot.
o | Amino Acid motif copies / |Abun-| Cell cycle
3 Composition features? cell) |dance| timecourse Function
Gene-
0 Chip
v s expt. (1000
o () ) . .
e = = %— from [sage |copie function
Yeast % cENe 2t g » [RY |tag |s ID(s) (from function
Gene ID (] s & 2 [Ill2 15 |E [Lab freq. |/cell) I8 MIPS) description
YALOO1C [MNTFEMLRI| 1160 . ol 1| o 11 o[l o] 0.3 0|? 04.01.01;04.03| TFIIIC (transcription initi{N
YALOO2W |[KVEGRCELA} 1176/ . 0] Of O o| of 1 0.2(? ? 06.04;08.13  |vacuolar sorting protein, |C
YALOO3W |[KMLQFNLRW| 206(. 0] 0] O 0] 0] O 19.1 19 05.04;30.03 translation elongation fagN
YALOO4W [RPDFCLEPP| 215]. 0| of olill of o] of? 0|? 01.01.01 0|N
YALOO5C [VINTFDGVA| 641]. 0| ol oflill of o] 1| 13.4 16 06.01;06.04;08| heat shock protein of HS ????
YALOO7C |KKAVINGEQ| 190]. ol o| offlll of 1| 4 2.2 8|? 99(?27? 227?
YALOO8SW [HPETT.VKVK| 198|. ol of ofiill of of 3 1.2/? ? 99(?27? 2277
YALOOOW |PTLEWFLSH{ 259). ol 2| ofiilll of o] 3[ 0.6[? ? 03.10;03.13 | meiotic protein ?22??
YALO10C [MEQRITLKD| 493|. ol of olllll of o] 1 0.3|? ? 30.16involved in mitochondrial| 27?7
YALO11W |KSFPEVVGK] 616]. 0] 8/ 0 1 0l O 0.4(? ? 30.16;99 protein of unknown func{ ????
YALO12W|GVQVETISP{ 393|. 0f 0 O 0l 0] 1 8.9 4 01.01.01;30.03| cystathionine gamma-lyg C
YALO13W|RTDCYGNVN] 362|. 0l 0] O 0] O] O 0.6|? ? 01.06.10;30.03| regulator of phospholipid|N
YALO14C |GDVEKGKKI| 202]. ol of ol of o] of 1.1[? ? 99(?7?7? N
YALO15C |MTPAVTTYK] 399|. . .01f. of 11 0 of 0] O 0.7 0 11.01;11.04  |DNA repair protein N
YALO16W |[KKPLTQEQL| 635]. o8|l .o1f 04| of of olfffl of o] 1] 3.3 5(? 03.01;03.04;03|ser/thr protein phosphatg ????

15 - Lectures.GersteinLab.org .=



Building a Data Matrix

Genomic Region
(Human Intergenic
Regions)

16 -



Overview of
Intergenic Annotation Flow

Overview of Non-coding Annotation Process

Comparative Genomics

Functional Genomics

{

!

Large-scale sequence
similarity comparison

l Normalization

Identify large blocks of
repeated and deleted

sequence

1.Within the human reference

genome

2.Within the human population
3.Between closely related
mammalian genomes

Signal processing of raw

experimental data
Removing artifacts

Window smoothing

{

Binding sites

Segmentation of processed
data into active regions

Transcriptionally active regions

{

!

Cluster active regions into
larger annotation blocks

Identify smaller “exon”
scale repeated blocks

Pseudogenes

!

Further analysis:
Building regulatory networks

]

!

Integrate Comparative and
Functional Genomic Annotation

O
| J\/\._/\__/V\_

2000 OC.aO OO0

EJ
1

H

17 - Lectures.GersteinLab.org .«
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Representative Signal
from Chip-Seq: creating a signal "track™

STAT1 ChIP-sequencing signal profile map on human chromosome 22

20000000 | 25000000 1 30000000 |

1 lmh

48650000 |

JRULJLLLET R Gl .l_LIL ik

35000000 |

48700000 |

45000000 |

48750000 |

RN AR Y

Chr. 22

16 uniquely mapped sequence reads and
their directional extension in a tag cluster

Overlap
identification

Overlap profile

—
n

-

[Robertson et al., Nat. Meth. ('07); Zhang et al. PLOS Comp. Bio. (in revision, " 08)]
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Segmentation of Raw Signal to
Generate "Hits"

« Simple min-run, max-gap threshold

- Threshold but demand that the "hit" last min-run
and also jump over gaps smaller than max-gap

» Chip-seq programs that check (e.g. with bionomial
test) for enrichment over the background

 HMM segmenters for broad regions

19 -



Issues in Signal Processing:
Thresholding

A

chr21: IFNAR2F——HH+—1h IFNAR1|
IL10RB H—+—F—1

ChlP-seq 1 i . A

ChIP-ChIp L A lll.l‘ . ll”hl]“l. AR TINRI R ‘ Lo dy dw

B

Tiing array signal oo fouk L bdakadl dmhMi.JWuMMM l
Called TARs
woaeawosnos | || || IOV

Stringent threshold HHH“ |‘||H |
Xchr:  XIAP—H{{--m STAG2!
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Issues in
Signal

Processing:

Multi-
mapping

CNV

|l
1)
e
(0]
X
e

A AN A

II
|

!
I
|||I|I
i
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MICRO-SCALE (<1 kb) MESO-SCALE MACRO-SCALE

M a ny | I (1-100 kb) (> 100 kb)
! 1

|
e & .o~ (o & | ]
types of L g

Genomic L

Short and Tandem Repeats

D))

Punctate Binding Regions

% Q

Elements ™ g,
Broad Binding Regions 6k ™

Transcriptionally Active Regions (TARs) £- t‘- X

Transposable Elements

Pseudogenes Regulatory Forests and Deserts
Segmental Duplications
Structural Variants

Length (nt) Number of |Genome Coverage
Average Longest Scale Items (Mb) (%)
Comparative Genomics
Short and Tandem Repeats Micro 795,016 56.1 1.81
Simple Repeat 63 2,961 415,917 26.1 0.84
Satellite 1,444 160,602 8,997 13.0 0.42
Low Complexity 46 2,023 370,102 17.0 0.55
DNA Transposons 215 3,625| Micro-Meso 459,524 98.6 3.17
Retrotransposons
LINEs 426 8,505 Micro-Meso 1,490,241 634.6 20.4
Alu SINE Element 261 614 Micro 1,186,885 309.7 9.97
Pseudogenes Micro-Meso
Duplicated 6,607 181,882 2413 15.9 0.51
Processed 723 15,732 8303 6.0 0.19
Segmental Duplications 5,740 630 kb | Meso-Macro 26,469 151.9| 4.89
Structural Variants 8,761 3.3 Mb| Meso-Macro 96,874 848.8 27.3
Functional Genomics
Punctate Binding Sites
STAT1 446 9,079 | Micro-Meso ~2,300 1.0] 0.03
CTCF 1,181 79,200 Meso ~35,000 41.4 1.33
H3K4me3 1,759 71,025 Meso ~62,000 110.2 3.55
Broad Binding Sites
H3K36me3 4,518 380,076 Meso ~130,000 589 19.0
miRNA 89 150 Micro 718 0.063| 0.00
TARs 72 1,854 | Micro-Meso 644,200 46.7 1.50
Regulatory Forests 3,890 35,165 Meso-Macro 68,900 268 8.62
Regulatory Deserts 27,107 203,691 [ Meso-Macro 72,500 1970 63.4
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Structure of Genomic Features Matrix
(1 M sites X 100 Features)

Sites along the genome

1

Factors

and
Chromatin
Modifications
(different
tissues)

RNA ! .
(different
tissues) ; .

H [

.GersteinLab.org .=
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Building a Data Matrix

Network Centric

25 -



Training sets

Known interactions

Known non-interactions

Unknown

(¢)'09
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Network prediction: features

:< 1 8 \\‘ 2 ;
)
x,=(0.8,22,15,..)
)

x;=(43,0.1,75,...) )

sim(X, X,) = 0.62 3
sim(X;, X3) =-0.58

Similarity scale:

Gasch et al., 2000 1 _

« Example 1: gene expression

x,=(0.2,2.4, 1.5, .

&
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Network prediction: features

« Example 2: sub-cellular localization
)

,0,..))
x;=(1,0,1,0,...)

sim(x;, X,) = 0.81
sim(x;, X3) = 0.12 @ @

Similarity scale:

1

http://www.scq.ubc.ca/wp-content/yeasttwohybridtranscript.gif

|
—
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Data integration & Similarity Matrix

Adjacency Matrix
:{ 38 jf4 ):
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Structure of a Network Data Table
(6000 * 5999/2 ~ 18 M pairs)

1st entity 2nd entity Linked?  Feature 1 Feature 2

1 1 ? 0.5 0.99
1 2 N 0.3 0.36
1 3 Y 0.1 0.43
1 4 Y -1 0.20
2 2 ? 2 0.22
2 3 ? 3 0.39
4 0.58

3 3 Y
3 4 ? 0.2 0.41
3 5 N 0.3 0.70
99 99 Y 0.19 0.38
99 100 ? 0.06 0.82
100 100 N 1.00 0.49
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Databases

Useful tidbits to keep
in mind when building

the data table

31 -



did fids
d2rs51_ 1.002.007
Structured e e o
dlpyibl 1.007.030
D t dldxtd 1.001.001
dld d1811  1.004.002
gid TrgStrt TrgStop did dlvmoa_ 1.002.044
HI0299 119 135 d1931 d2gsqg 1 1.001.031
HI0572 180 240 dlaba — : :
HI0989 56 125 dlaco_1 dletb2 1.002.003
HI0988 106 458 dlaco 2 -
HI0154 2 76 dlacp dlguhal 1.001.031
HI1633 2 432 dladea
010349 1 183 dlaky dlhrc 1.001.003
HI1309 35 52 dlalo 3 d1501lc 1.004.002
HI0589 8 25 dlalo 3 - =7 :
HI1358 239 444 dlang 2 dldmf 1.007.035
1358 218 410 dlamy 2 —
510460 20 24 dlanZ; dl1l19 1.004.002
HI1386 139 147 dlans
HI0421 11 14 dlans__ dlyrnc_ 1.010.002
HI0361 285 295 dlans
HI0835 100 106 dlans dlapld_ 1.001.004
dlndab2 1.003.004
d2rmai_ 1.002.036
fid bestrep N minsp N scop objname
1.001.001 dlflp 8 340 Globin-1like
1.001.002 dlhdj 4 33 Long alpha-hairpin
1.001.003 dlctj 9 78 Cytochrome c
1.001.004 dlenh 18 76 DNA-binding 3-helical bundle
1.001.005 dldtr 2 1 3 Diphtheria toxin repressor (DtxR) dimeriz
1.001.006 dltns 1 2 Mu transposase, DNA-binding domain
1.001.007 d2spca_ 1 2 Spectrin repeat unit
1.001.008 dlbdd 1 4 Immunoglobulin-binding protein A modules
1.001.009 dlbal 1 5 Peripheral subunit-binding domain of 2-ox
1.001.010 dZ2erl 3 5 Protozoan pheromone proteins

()08
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Table HI Gene

[ BTN |_strA_|

Interpretatio HI Gene
n HI Gene

[ strB |

[ strB |

HI Gene

[ strB | |

HI Gene
HI Gene

HI Gene

HI Gene
HI Gene

[ T T = 2 T o o N L s B N

. s | |_strA_| BTN |

| | srB | srB | strB | |

HI Gene

—_
o

Match Table: Ways Structures A, B, and C can match HI
Genome

Structures Folds
Structures have a limited EM . 1 E%@@
number of folds, which ®. Vv
have varlc_>u§ O Y Y
characteristics - aﬂ%@bé%
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Structure of a Table

Row

- Entity, Tuple, Instance
Column

- Field

— Attribute of an Entity

- dimension
Key

— Certain Attributes (or
combination of attributes)
can uniquely identify an
object, these are keys

NULL
- Variant Records

Table

tuple-1
tuple-2
tuple-3
tuple-4
tuple-5
tuple-6
tuple-7
tuple-8
tuple-9
tuple-10
tuple-11
tuple-12
tuple-13
tuple-14

key
attr-a

a1l
a2
a3
ad
ab
a6
a7
a8
a9
a10
al1
al2
al3
al4

key
attr-b

b1
b2
b3
b4
b5
b6
b7
b8
b9
b10
b11
b12
b13
b14

attr-c

cl
c2
c3
cd
c5
c6
c7
c8
c9
c10
c11
c12
c13
cl14

attr-d

d1
d2
d3
d4
d5
dé
d7
d8
d9
d10
d11
d12
d13
d14

attr-e

el
e2
e3
ed
ed5

e8
e9

el
el2
el3
el4

attr-f

f
f2
f3
f4
5

f7
f8
f9
f10
f11
f12
f13
f14
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Matches Structures 2
d2rs51  1.002.007
: Trozoo 110 1ee ares 35 dlimr__ 1.010.002
JOInS HI0572 180 240 dlaba 0.0032 dlpyibl 1.007.030
HI0989 56 125 dlaco 1 0.0049 dldxtd_ 1.001.001
HI0988 106 458 dlaco 2 4.4e-14 d1811  1.004.002
HI0154 2 76 dlacp 1.2e-23 dlvmoa 1.002.044
HI1633 2 432 dladea 0 d2gsq 1 1.001.031
R L S O N e
Foreign HI0589 8 25 dlalo 3 1.8 dlguhal 1.001.031
HT1358 239 444 dlamg 2 0.002 dlhrc__ 1.001.003
Key HI1358 218 410 dlamy 2 0.00037 d150lc_ 1.004.002
HI0460 20 24 Al ey 1.8 dldmf 1.007.035
HT1386 139 147 dlans 3.3 1119 ~ w004.0%2
HI0421 11 14 dlans 6.4 -
HI0361 285 295 dlans 8.2 dlyrnc_g§.010.002
HIO0835 100 106 dlans 9.7 | |dlans_{ 1.007.008
Folds d2rmai \1.002.036
fid bestrep N hlx N beta name
1.001.001 diflp 8 0 Globin-like
1.001.002 dlhdj:: 4 0 Long alpha-hairpin
1.001.003 dlct]] 9 0 Cytochrome c
1.001.004 dlenh:: 2 0 DNA-binding 3-helical bundle
1 _S6dmnQ 05 dldtr 2 1 3 Diphtheria toxin repcr or (DtxR) dimeriz
1.001.00%@ dltns 1 2 Mu transposa A-binding domain
1.001.007 dZSng: 0 2 in repeat unit
1.001.008 dibdd v 4 Immunoglobulin-binding protein A modules
1.007.008 dlgkt 4 3 Neurotoxin III (ATX III)
L}.OOl.OlO dZ2erl 3 5 Protozoan pheromone proteins

()09
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SQL

« SIMPLE Language for Building and Querying Tables
« CREATE a table

* INSERT values into it

« SELECT various entries from it (tuples, rows)

« UPDATE the values

« Example: How Many Globin Folds
are there in E. coli versus Yeast?
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key key
S Q L S e I e C t Tahle attr-a attr-b attr-c attr-d attr-e attr-f
tuple-1 al b1 el f1
O n a S i n Ie tuple-2 a2 h2 e2 f2
g tuple-3 ad h3 e3 fa
tuple-4 ad b4 ed 4
T a b | e tuple-5 a5 b5 e5 f5
tuple-6 ab b6
tuple-7 ail b7 f7
tuple-8 ab h8 eb 8
tuple-9 ay b9 ey f9
tuple-10 a10 b10 f10
tuple-11 all h11 cl11 d11 ell f11
tuple-12 al2 h12 c12 d12 e12 f12
tuple-13 ald h13 c13 d13 el3 f13
tuple-14 ald h14 c14 d14 el4 f14

Select {columns} from {a table}

where {row-selection is true}

projection of a selection
Sort result on a attribute

Selection as an array lookup

- $fid=%structure{$did}
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Matches Structures
SQL key key

Table 1 '|gid TrgStrt [TrgStop [did Table 2 |[did fid
SeIeCt tuple-1 |HI001 12 200[d1mbd__ tuple-i  |d1lfig 1 |1.007.006
tuple-2  |HI002 15 231|d1hhba_ tuple-i dilfg_1 |1.007.006
on tuple-3  |HI002 100 343|d1lIfg_1 tuple-i |d1lfg_1 |1.007.006
tuple-4 HI003 12 a0|d1ifg_1 tuple-i [d1ifg_1 (1.007.006
M I = I tuple-5  |HIO0S 200 260|d1mba__ tuple-i dilfg_1 |1.007.006
u tl p e tuple-6  [HI023 300 450[d2ubx__ tuple-i dilfg_1 |1.007.006
tuple-7 HI045 2 89(d2img__ tuple-i d1ifg_1 1.007.006
Tables tuple-1 HI1001 12 200|d1mbd__ tuple-ii  |d1mba__ |1.003.002
tuple-2 ~ [HI002 15 231|d1hhba_ tuple-ii  |d1mba__ |1.003.002
tuple-3  [HI002 100 343|d1lfg_1 tuple-ii  |d1mba__ |1.003.002
tuple-4 HI003 12 a0|d1Ifg_1 tuple-ii  |d1mba__ [1.003.002
tuple-5_[IHIO0S 200 R d 1mba__ tuple-ii |d1mba__
tuple-6 HI023 300 450|d2ubx__ tuple-i  [d1mba__ [1.003.002
tuple-7 HI045 2 a9(d2Img__ tuple-ii  [d1mba__ |[1.003.002

« Select {columns} from {huge cross-product of tables}
where {row-selection is true}

- cross-product T(1) x T(2) builds a huge virtual table where every row of T(1) is
paired with every row of T(2). Then perform selection on this.

» Select fid from matches,structures where gid=HIO09 and matches.did = structures.did
« Joining as a double-lookup
- ($bestrep, $N_hix, $N_beta, $name) = $folds{ $structures{$did} }
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Start gid  structure

ER-
diagrams <S>

branch

customer-
name

social-
security

customer

Figure 2.23 E-R diagram with account as a relationship set.

« Korth & Silberschatz
- branch <=> matches (gid-start +++ did)
- customer <=> folds (fid +++)

- linked by
account <=> structures (did fid)
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ONRWN-=Z

ode

Complex Data Example:
Encoding Trees in RDBs

Parent

i O G L G N )

Node Name
Organism
Bacteria
Archea
Eukarya
Metazoa
Plants

OOk, WN -
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gid_

HI0299
HI0572
HI0989
HI0988
HI0154
HI1633
HI0349
HI1309
HIO0589
HI1358
HI1358
HIO0460
HI1386
HI0421
HIO361
HI0835

Join Gives Unnormalized Table

Joining Two or More Tables with a Select Query

Gives a New, “Bigger” Table

119
180
56
106
2

2

1
35
8
239
218
20
139
11
285
100

TrgStrt TrgStop did

135
240
125
458
76
432
183
52
25
444
410
24
147
14
295
106

score
dlo3l 3.1
dlaba 0.0032
dlaco 1 0.0049
dlaco 2 4.4e-14
dlacp  1.2e-23
dladea 0
dlaky 7.6e-36
dlalo 3 1.1
dlalo 3 1.8
dlamg 2 0.002
dlamy 2 0.00037
dlans 1.8
dlans 3.
dlans 6.4
dlans 8.2
dlans 9.7

fid

e e e e e e e e e

.010.
.002.
.001.
.001.
.001.
.010.
.001.
.007.
.002.
.004.
.002.
.007.
.007.
.007.
.007.
.007.

002
045
031
031
031
002
031
008
045
002
044
008
008
008
008
008

S s O OB D00 O 000 0 O

W W WwWwWwWwdhdWN WODNODO OoNDN

N hlx N beta name

Spectrin repeat unit
Mu transposase,

Globin-1like
Globin-like
Globin-1like

Spectrin repeat unit

Globin-like
Neurotoxin

Mu transposase,
Diphtheria toxin repressor
Immunoglobulin-binding protein A

Neurotoxin
Neurotoxin
Neurotoxin
Neurotoxin
Neurotoxin

ITT

ITT
ITT
ITT
ITT
ITT

DNA-binding domain

(ATX

DNA-binding domain

IIT)

ITI)

()08
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« What if Want to update Fold

Normalization

gid_

HI0299
HI0572
HI0989
HI0988
HI0154
HI1633
HI0349
HI1309
HIO0589
HI1358
HI1358
HIO0460
HI1386
HI0421
HIO361
HI0835

119
180
56
106
2

2

1
35
8
239
218
20
139
11
285
100

TrgStrt TrgStop did

135
240
125
458
76
432
183
52
25
444
410
24
147
14
295
106

« So Good if Previously Normalized

score
dl1931 3.1
dlaba 0.0032
dlaco 1 0.0049
dlaco 2 4.4e-14
dlacp  1.2e-23
dladea 0
dlaky 7.6e-36
dlalo 3 1.1
dlalo 3 1.8
dlamg 2 0.002
dlamy 2 0.00037
dlans 1.8
dlans 3.
dlans 6.4
dlans 8.2
dlans 9.7

1.007.008 to be “Neurotoxin IV”?

- Many Updates

into Separate Tables
- Eliminate Redundancy
- Allow Consistent Updating

fid

e e e e e e e e

.010.
.002.
.001.
.001.
.001.
.010.
.001.
.007.
.002.
.004.
.002.
.007.
.007.
.007.
.007.
.007.

002
045
031
031
031
002
031
008
045
002
044
008
008
008
008
008

S s O OB D 00O O 000 0 O

W W WwWwWwWwWwdhdWN WODNODO OoONDN

N hlx N beta name

Spectrin repeat unit
Mu transposase,

Globin-1like
Globin-like
Globin-1lide

Spectri/fi repeat unit

Globin: like
Neurot(xin

Mu transposase,
Diphtheria toxin<repressor
Immunoglobulin-binding protein A

Neurotoxin
Neurotoxin
Neurotoxin
Neurotoxin
Neurotoxin

III

III
III
III
III
III

DNA-binding domain

(ATX

DNi-binding domain

(ATX
ATX
ATX
ATX

(
(
(
(ATX

IIT)

ITI)
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Normalization Example

Un-normalized | s

Name
Charles
Mark
Jane
Jeff
Jack

City Area-Code Phone-Number
NY 212 345-6789
SF 415 236-8982
NY 212 567-2345
SF 415 435-3535
Boston 617 234-9988

Normalized
Name City Phone-Number
Charles NY 345-6789
Mark SF 236-8982
Jane NY 567-2345
Jeff SF 435-3535
Jack Boston 234-9988

City Area-Code

NY 212
SF 415
Boston 617
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u
Normalized Tables dia_ fid
d2rs51 1.002.007
gid TrgStrt TrgStop did score dllm;;—— 1.010.002
HI0299 119 135 d1931 3.1 dlpyibl 1.007.030
HI0572 180 240 dlaba__ 0.0032 dldxtd 1.001.001
HI0989 56 125 dlaco 1 0.0049 dl81l1l 1.004.002
HI0988 106 458 dlaco 2 4.4e-14 dlvmoa 1.002.044
Theory of |ire: 2 a2 aissea o | |9299at 1.001.031
ry_ HI0349 1 183 dlaky  7.6e-36 dletbz_ 1.002.003
Normaliz- HI1309 35 52 dlalo 3 1.1 dlguhal 1.001.031
. HI0589 8 25 dlalo 3 1.8 dlhrc 1.001.003
at|on HI1358 239 444 dlamg 2 0.002 d1501lc_ 1.004.002
HI1358 218 410 dlamy 2 0.00037 dldmf 1.007.035
HI0460 20 24 dlans 1.8 dlll9___ 1.004.002
HTI1386 139 147 dlans 3.3 -
HI0421 11 14 dlans__ 6.4 dlyrnc_ 1.010.002
HI0361 285 295 dlans__ 8.2 dlans__ 1.007.008
HI0835 100 106 dlans 9.7 dZrmai_ 1.002.036
fid bestrep N hlx N beta name
1.001.001 diflp 8 0 Globin-like
1.001.002 dlhdj:: 4 0 Long alpha-hairpin
1.001.003 dlct]] 9 0 Cytochrome c
1.001.004 dlenh:: 2 0 DNA-binding 3-helical bundle
1.001.005 dldtr 2 1 3 Diphtheria toxin repressor (DtxR) dimeriz
1.001.006 dltns:_ 1 2 Mu transposase, DNA-binding domain
1.001.007 d2spca_ O 2 Spectrin repeat unit
1.001.008 dlbdd 0 4 Immunoglobulin-binding protein A modules
1.007.008 dlgkt 4 3 Neurotoxin III (ATX III)
1.001.010 dZ2erl 3 5 Protozoan pheromone proteins

()08
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Query Optimization

« Get at the Data Quickly!!

* Indexes

« Hash Function Reproduce the Effect of Indexes
- Rapidly Associate a Bucket with Each Key

+ Joining 10 tables, which to do first?

- Joining is slow so store some tables in
unnormalized form

« Speed vs Memory

45 -



Indexes Speed

Access

—y

PAVAVAY LAVAV A

- Brighton | 217 | Green | 757
- Downtown | 101 JohnsK i SOQ_J
[ Downtown | 110 | Peterson

- | Mianus 215 | Smith 700
- Perryridge | 102 | Hayes | 400
- ﬂ}‘Perryridge 201 Wllha@u 9@
- Perryridge | 218 | Lyle 700
—_T_ ‘ngcjwood 222 | Lindsay | 700
B Round Hill | 305 | Turner 350

No
IndeXx

One
IndeXx

Double

Index

Brighton < Brighton 217 Green 750
Downtown Downtown 101 Johnson 500
Mianus ~ < Downtown | 110 Peterson 600
Perryridge ~ Mianus 215 Smith 700
Redwood — Perryridge 102 Hayes 400
Round Hill \ Perryridge 201 Williams 900
< Perryridge 218 Lyle 700
Redwood 22 Lindsay 700
Round Hill 305 Turner 350
bucket 1
Green -
Lindsay — — \
Smith \ Brighton 217 | Green 750
bucket 2 _\ Downtown | 101 | Johnson | 500
Downtown | 110 | Peterson | 600
Mianus 215 | Smith 700
Perryridge | 102 | Hayes 400
bucket 3 Perryridge | 201 [ Williams | 900
Perryridge | 218 | Lyle 700
Redwood | 222 | Lindsay | 700
Round Hill | 305 [ Turner 350
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Unsupervised Mining

Simple "Overlaps”
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Structure of Genomic Features Matrix

1 Sites along the genome

Factors

and
Chromatin
Modifications
(different
tissues)

RNA q .

(different .

tissues)
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a
Constrained -l Il
sequence [Hj D_‘: il | |
e . SN NN B
annotation Overall
o | Bases 20% 70% 33% 25%
)
3 | ‘Reai Y. Y. N 4 =
egions es es 2 ®®  @outof4)
b
0.9
Bases
0.7 1
0.5
0.3
o1l T -!' ‘!' = .= [_:!:_][—3]:1|::| T|[T| =

Fraction of experimental annotation
overlapping constrained sequence

0.9

Regions
0.7 1 9

0.5

0.3

=

—
s
-

H
—

o+-| [ | =l —
1 I 1 T I T 1 I T T T
2] [2] [2] (2] (2] 2] N L (2] [ © ¥ (2]
D o o (o) (o) Q () o o D o
o = = © © = L = m o3 <
o - ) (' (' o) (@) o L D
~ ~ x x o 1 (7))
o ™ o = o ?
= - o
= A 0
i o
RNA transcription Open DNA/protein
chromatin

[ENCODE Consortium, Nature 447, 2007]

Example
Overlap
Analysis:
Biochemically
Active Regions
Don't all Appear
to be Under
Constraint

o Careful
Randomization
(GSC statistic)
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1

Factors

and
Chromatin
Modifications
(different
tissues)

RNA
(different
tissues)

Genomic Features Matrix:
Deserts & Forests

Sites along the genome

n"n

C— p——
Forest

Desert
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Non-random distribution of TREs

 TREs are not evenly
distributed throughout
the encode regions
(P<2.2%x10716),

* The actual TRE
distribution is power-law.

* The null distribution is
‘Poissonesque.’

* Many genomic
subregions with extreme
numbers of TREs.

Zhang et al. (2007) Gen. Res.

Number of subregions

60

50

40

30

20

10

—— Actual TRE distribution
ffffff Random TRE distribution
130-kb subregions
140-kb subregions
150-kb subregions
160-kb subregions

Number of TREs in a subregion
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Aggregation & Saturation

B Saturation Analysis

> —
ﬁ — —/
1 5 8 T B
(] R —
3 43 ) 142,344
c @ 2
4 L £ 5
2 T HE
S| ——
any any e e e e e all rows
> Trow any 3rows
2 rows

C Aggregation Analysis

Signal track m
Anchor track A

A J: 7 J

B
: ;

-
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Aggregation Analysis

Distarce 10 nearest 755 o5

€ Unsupported tags

10 =

Agoregate noemalized roensity
1
|
zE
=&

o
o
3
°
o
?

Aggregate normalized intensity

Distance 10 nearest 755 _,

[ENCODE Consortium, Nature 447, 2007]

4'.“ Aggregate noemalized ntensity

5,000 -5,000

&
E
§
i
A
%,

Distance to nearest TS5 .04 =

0s -

Distance to rearest TSS |

Distance to nearest TS5,

1,000

b Novel TSS

Aggegate normralkzed intonaty

Distance to nearest TSS .o5

Distance 1o nearest TSS .os J

d Distal DHS

z by e H3KAME1 2 bl —\YC

g e H3Kame?  § —E2F 1

z - H3KAME3 1 —E2F4

2 - H30c CTCF

Heac — SMARCC1
% e FAIRE % —Pall
2 04 -
s s
g «g

Distance to norast DHS g 4 J

1 Gene off CpG

Aggregate normalized ntensty

-£,000

-3.000

-9

Distance to nearest TSS _, Distance 1o nearest TSS , o
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Unsupervised Mining

Clustering Columns &
Rows of the Data
Matrix

54 -



Correlating Rows & Columns

1 Sites along the genome

Factors H

and
Chromatin oo
Modifications
(different
tissues)

RNA
(different
tissues) cee

Ve pr— C— g—
Forest Desert

Correlation of rows identifies related tissues and coregulating factors.

BT T TN T T T T T T T T T T T T T T T T T T m]) FactorA

5 0 O T e T -

T T T T T T T T T T T T T TTTTTTITTITTTT]  FactorC

Site

> (T TN T T T TIT T T T eTITrT)

Site C

Correlation of columns
identifies networks of
coregulated and coexpressed
genome sites.

oo (I T T T TT T T T T TTTTITTTd

Correlation of rows and columns
shown as biplots of coregulating
factors and their coregulated sites.
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cluster” predictors

(11

=9 (510" (e UI9}SI95)'SIN}00T] m 9¢



(

/

7’

Use clusters to predict Response

N
N\
o ) VP,
© \
e ) / \
o ) / . \
o o /
[ o /
@ - \ Q ,

.GersteinLab.org .=
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Agglomerative
Clustering

» Bottom up
v top down
(K-means, know how
many centers)

» Single or multi-link

— threshold for
connection?

58 -
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K-means

Initialize

Step 1
(assign points 10 centers)

Step 2
(recompute centers)

1) Pick ten (i.e. k?) random points as putative cluster centers.
2) Group the points to be clustered by the center to which they are

closest.

3) Then take the mean of each group and repeat, with the means now at

the cluster center.

4)Stop when the centers stop moving.

59 -



Us i ng Genes to C I USter (3) Clustering based on RE

score divides samples into 2

Cancer Samples main types of cancer

(4) Clustering better than
based on indiv. gene
expression levels

B ER+
ER-

wﬁn{hﬁﬁrﬁ%ﬁ%ﬁrﬁ;ﬂ ! rmi%ﬁ_

| T EN ]

hsa-miR-342
hsa-miR-193a
hsa-miR-145
hsa-miR-127
hsa-miR-122a
hsa-miR-588
hsa-miR-517a
hsa-miR-769-5p

T

(1) RE-score profile for diff. miRNA in 1 cancer sample.
(2) Tabulate over many different breast cancer samples

Cheng et al., Genome Biology, 2009
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Clustering
the
yeast cell
cycle to
uncover
interacting
proteins

MRNA expression level (ratio)

[Brown, Davis]

[ _e—RPL19B

S G2 M Gl S G2 M

Time->

Microarray timecourse of

1 ribosomal protein

01 (C) viark userstein, 1999, rdie, ploinTo.Mmpp.yale.eau



Clustering
the
yeast cell
cycle to
uncover
interacting
proteins

MRNA expression level (ratio)

[ _e—RPL19B
—m— TFIIC

Gl S G2 M Gl S G2 M

Time->

Random relationship from ~18M

62 (c) Mark Gerstein, 1999, Yale, bioinfo.mbb.yale.edu



Clustering [Botstein; Church, Vidal]
the

yeast cell § by e
cycleto § :f =™
uncover S
interacting  $ M
proteins < |
. 1 i

Gl S G2 M @Gl S G2 M
Time->

Close relationship from 18M
(2 Interacting Ribosomal Proteins)

63 (c) Mark Gerstein, 1999, Yale, bioinfo.mbb.yale.edu




Clustering

the ~

veastcell £ :|-=rws
cycleto 3§ °f—mm
uncover S | ) |
. . 0 ol IR f =
interacting & mf‘%\ \\‘, ﬁv/,@@v
proteins < |

y 2

= 0 4 8 12 16

GlL S G2 M @Gl S G2 M
Time->
Predict Functional Interaction of
Unknown Member of Cluster

64 (c) Mark Gerstein, 1999, Yale, bioinfo.mbb.yale.edu



Global Network
of Relationships

~470K
significant
relationships
from ~18M
possible

65 (c) Mark Gerstein, 1999, Yale, bioinfo.mbb.yale.edu




Simultaneous

Expression ratio
N - o - N w BN

Traditional LOCal
Global Clustering
Correlation : *
algorithm
4 identifies
o further
Time- §° > (reasonable)
Shifted | types of
-30 1 2 3 4 5 6 7 8 9 expreSSion
Time relation-ships
3
Inverted s.| © SN .
3 \/
40 1 2 3 4 5 6 7 8 9 [Church]

66 (c) Mark Gerstein, 1999, Yale, bioinfo.mbb.yale.edu




Simultaneous

Expression ratio

Local Alignment

10 -101 23 2

4 olofo ololololo

3 1o 0 0 2| 3|2

, oo 0 0 0 0
1 1] o 0 0
ofo 0 0
° 1{o]1]o 0
=t 2o 0 0
2 310 0 0
o 1 2 3 4 5 6 7 8 9 > 1o 0 0

Time

S,.J.=x,.- Y

Qian J. et al. Beyond Synexpression Relationships: Local clustering of
Time-shifted and Inverted Gene Expression Profiles Identifies New,
Biologically Relevant Interactions. J. Mol. Biol. (2001) 314, 1053-1066

67 (c) Mark Gerstein, 1999, Yale, bioinfo.mbb.yale.edu




Local Alignment

Simultaneous

10 101 23 2
4 o|lo[of[of[ofofofo]o
3 1fol1{ofofof1[2(3]2

%2 ojlofof1]ofoflo]|1]2]3

5, -lJo|o|o|2|oflofofo|o0

g ofololo|of2|ofof0]o0

50 1fof1]ofo0]o]3]2]3]2
-1 2lo|2][1]|ofo|2f7Z|8]|7
2 3lo|3[2|o0f|of|3]|8 |[16]14
o 1t 2 3 4 5 6 7 8 9 >lol 21310l ol217]a4

Time
E  =max(E_  _,+x.-y,0)

~—

Qian J. et al. Beyond Synexpression Relationships: Local clustering of
Time-shifted and Inverted Gene Expression Profiles Identifies New,
Biologically Relevant Interactions. J. Mol. Biol. (2001) 314, 1053-1066

68 (c) Mark Gerstein, 1999, Yale, bioinfo.mbb.yale.edu




Ti

Expression ratio

Local Alignment

me-Shifted

2-10 12 3 21
4 ofolof[o|o]o]ofo ][O
3 1Jojolofo|1]2(3]2]1
2 ojolofofo|o|1]2(3]2
1 . 1ol 2f1]ofolofo|o|2
0 ojolo|2f1|0|0|OfO|O
1 1jofolo|2f2|2]|3]|2]1
2 w 2]o|o|of0|4|6|8|7 |4
3 3jolofo|o0]|3]|10{15[14]|10
o 1 2 3 4 5 6 7 8 9 2lo|ojofo| 2|7 |16/49]16
Time

E’*—/ - nlaX(Elfl,_lfl + XY, ~0)

Qian J. et al. Beyond Synexpression Relationships: Local clustering of
Time-shifted and Inverted Gene Expression Profiles Identifies New,
Biologically Relevant Interactions. J. Mol. Biol. (2001) 314, 1053-1066

69 (c) Mark Gerstein, 1999, Yale, bioinfo.mbb.yale.edu




Local Alignment

Inverted
i 1 0<% 3 <38
4 ololofoolo]o]o]o
3 1fol1fo|o|o]1]2]3]2
2 2 ojofoft{o|ofo]1[2]3
é; 2\ lofolof2[olooo][2
§1 o \\ oflof[oflo|ol2]o]ofo0]o0
£ ~ s 1fol1|o]ofo0f3]2]3]2
3 N 2lo|2[1|o]ol|2]7]|8]7
4 3Jlo[3[2|0]0]|3]816]14
o 1 2 3 4 5 6 7 8 9 >lol2l3lolol217ha4

Time

D mx(D,/I x,-yj.,O)

iJ

Qian J. et al. Beyond Synexpression Relationships: Local clustering of
Time-shifted and Inverted Gene Expression Profiles Identifies New,
Biologically Relevant Interactions. J. Mol. Biol. (2001) 314, 1053-1066
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Global (NW) vs Local (SW)Alignments
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TTGACAdCCTCCCAATTGTA...

.....ACCCCAGGC

1234444444566677

Match Score = +1
Gap-Opening=-1.2, Gap-Extension=-.03
for local alignment Mismatch = -0.6
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Adapted from D J States & M S Boguski, "Similarity and Homology," Chapter 3 from
Gribskov, M. and Devereux, J. (1992). Sequence Analysis Primer. New York, Oxford
University Press. (Page 133)

71 (c) Mark Gerstein, 1999, Yale, bioinfo.mbb.yale.edu
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Statistical

. ——data P(S)
SCO rl ng_ _ 0 SN e random P(s)
N S ;
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o
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