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Identification of transcriptional regulatory networks
from whole-genome mRNA expression data

Goals:

1. Recapitulate the structure of known networks without
a priori knowledge of their biology.

2. Identify new components of the network and characterize
their significance.

Approaches:

1. Identify intrinsic mRNA expression patterns within
whole-genome transcriptional profiles.

2. Identify intrinsic DN A sequence patterns which are
specific to each expression pattern.




The Cell Cycle
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Identifying prevalent expression patterns (clusters)
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Cell cycle gene expression
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3000 genes, 15 time points, (roughly 10 mins interval)

From expression patterns to DNA sequence patterns

itz

Lucudl

-A874% L 2,
Vednvaehwadran




Replication & DNA synthesis (2)

§ | N =186
E 15
{1
O |05
E | [ - == 1
Tt M T
Gl SG2MGLSG2M
| | | [ |
MES Firxtiasl categary (totd CRES) CRE3 within Patue
finctiond categry. Logyo
®
DNAsyrthesis and regfication (82) 23 16
CHl gde contrd and mitesis (312) 30 8
Reaarrhination and TINA repeir (84) 11 5
Nodear aganization (720) 40 4
Replication & DNA synthess (2)
B
HEFA
3 et Y

Gl SG2MGLSG2Y
' '

N

=]
IR
T

o nr1nn[]n”l]H

P R R R R R R I R

2

Number of sites
5

Distance from ATG (b.p.)

MCB

A A

A= -
EEd ot hoRodS
=h=

bits

- N
1202w
13—
(L ——
15
16 B
17 B
18P
192
200 B




Replication & DNA synthes s (2]
e

M

sd. frommen
iEatoa.

B
AR

GLSG2ZMGLSG2NM
' '

g 100
S 80
‘S B0
s 40
£
2 ol B Wy
1234656789101 R21B1415161718192021222324252627 28280
CLUSTER
8
32
1
A A
xR A a 2 A
“Eﬁmvfﬁgﬁb&é-—gnvmchmmz-{ﬁéihéEiéé
TrTTTTrTT NN NNNNNNNANm
128
g s
s 38
e 8
: Lol .ol
F I
£ 2T P S W W w = ol | I:I DD
ERNCAN A O S A
Distance from ATG (b.p.)
2
; T TC
¢ N
“5“‘1£‘é:ﬁ2:§e:eea§§é§£é§§és
Pl
€ 30
O 25
S 20
515
su
5
20

123 4 56 7 8 91011213 1415 1617 18 19 20 21 22 23 24 25 26 27 28 29 30

CLUSTER




(G1-5) E |:nn o
Replication & E 050 \

A TR
/
DNA synthesi 2 000 - K o
P D IR Y
01"/ - .
-1.00 s

Tms (10min.)

YLRI83C

MCB
-230 -174




Method

Used microarray data by Cho et al. 1998 that
consisted of expression data for 6000 genes at 15
times points during two S. cerevisiae mitotic cell
cycles.

Analyzed 3000 “most variable ORFs” and
normalized data by subtracting the mean
expression level value across all time points for
each gene. A 5)(1-—<)(,-> .
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Clustered genes by expression pattern using
Euclidean distance metric values in the k-means
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Used AlignACE to align 600bp upstream regions in order to

determined common nucleotide motifs.




Results

Found 18 motifs in 12 different clusters
— Seven characterized transcription factor binding sites that are

known to regulate many of the genes in their respective cluster.

Clusters with known regulons have cis-regulatory
elements emerged as the highest scoring motif in every
case.

— examples include MCB box and SCB cell-cycle box.

Motifs that have not been previously described
demonstrate strong correlation with clusters that are
enrichment for genes with specific functions.
— Cluster 3 motifs M3a and M3Db and their association with RNA
and translation related genes within and outside of cluster 3.
“Half of the 30 clusters were significantly enriched for
functional categories or had significant motifs.”
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