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Top motifs for G1 phase of cell 
cycle

(Spellman et al, MBC 1998)
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Subtract AAATTTT signal...
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Final model resulting from iteration...
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Module activity time course



Koerkamp et al., Mol. Biol. Cell (2002)

GFP fusion experiment confirms REDUCE prediction of the role 
of Msn2/4 during metabolic switch from glucose to oleate



“Regulome” = the “state” of the cell

UPSTROME
5-PROME

TRANSCRIPTOME

MECHANISTIC MODEL

REGULOME



REDUCE viewed as inverse problem
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From Central Dogma to “Omes Law”
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Closing the circle - the genetic network
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B. Van Steensel, J. Delrow, S. Henikoff, Nature Genet. (2001)



Context dependence of GAGA factor binding
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The Drosophila Myc/Mad/Max Network



A. A. Orian, B. van Steensel, J. Delrow, H.J. Bussemaker, L. Li, T. Sawado, E. 
Williams, L.M. Loo, S.M. Cowley, C. Yost, S. Pierce, B.A. Edgar, S.M.

Parkhurst, and R.N. Eisenman. Genes Dev. (in press)



Motif R^2 P-value F Matches Loci Consensus

dMnt

cgcg 0.051 0.0E+00 0.01 66,217 4,366 cg-repeat
gcgc 0.048 0.0E+00 0.01 97,925 4,367 cg-repeat
cgcgc 0.047 0.0E+00 0.02 16,661 4,121 cg-repeat
gcgcg 0.042 0.0E+00 0.02 17,392 4,129 cg-repeat

tatcgata 0.026 0.0E+00 0.06 1,618 1,258 tatcgata
atcgata 0.024 0.0E+00 0.04 3,863 2,367 tatcgata
tcgata 0.015 1.0E-12 0.02 8,262 3,541 tatcgata
tatcgat 0.015 5.0E-12 0.03 3,765 2,369 tatcgata

ggtcacac 0.024 0.0E+00 0.09 788 706 gtcacac
gtcacact 0.017 0.0E+00 0.08 691 633 gtcacac

cacgtg 0.019 0.0E+00 0.03 4,214 2,558 cacgtg
gcacgtg 0.016 0.0E+00 0.05 1,370 1,139 cacgtg
gcacgtgt 0.012 9.8E-09 0.10 319 301 cacgtg

Motif R^2 P-value F Matches Loci Consensus

dMyc (low dMax)

aa 0.066 0.0E+00 0.00 2,763,243 4,332 at-rich
a 0.065 0.0E+00 0.00 8,493,006 4,332 at-rich
t 0.063 0.0E+00 0.00 8,153,995 4,332 at-rich
aat 0.063 0.0E+00 0.00 729,002 4,332 at-rich
tt 0.062 0.0E+00 0.00 2,601,186 4,332 at-rich

Motif R^2 P-value F Matches Loci Consensus

dMyc (high dMax)

cacgtg 0.032 0.0E+00 0.03 4,203 2,555 cacgtg
acgtg 0.024 0.0E+00 0.01 18,323 4,228 cacgtg
cacgt 0.022 0.0E+00 0.01 17,082 4,221 cacgtg
gcacgtg 0.021 0.0E+00 0.05 1,365 1,134 cacgtg

atcgata 0.022 0.0E+00 0.03 3,853 2,362 tatcgata
tcgata 0.022 0.0E+00 0.02 8,255 3,535 tatcgata
tatcgata 0.020 0.0E+00 0.04 1,616 1,256 tatcgata
atcgat 0.014 2.2E-11 0.01 13,336 4,037 tatcgata
tatcgat 0.013 2.1E-10 0.02 3,751 2,362 tatcgata

cgcgc 0.027 0.0E+00 0.01 16,646 4,116 cg-repeat
cgcg 0.026 0.0E+00 0.00 66,118 4,361 cg-repeat
gcgc 0.024 0.0E+00 0.00 97,752 4,362 cg-repeat
gcgcg 0.019 0.0E+00 0.01 17,348 4,124 cg-repeat

Motif R^2 P-value F Matches Loci Consensus

dMax

cgcgc 0.025 0.0E+00 0.02 16,401 4,058 cg-repeat
cgcg 0.022 0.0E+00 0.01 65,098 4,301 cg-repeat
gcgcg 0.020 0.0E+00 0.02 17,086 4,069 cg-repeat
gcgc 0.014 2.0E-12 0.00 96,364 4,302 cg-repeat

tatcgata 0.024 0.0E+00 0.07 1,600 1,247 tatcgata
atcgata 0.018 0.0E+00 0.04 3,797 2,330 tatcgata
tatcgat 0.016 2.0E-12 0.04 3,705 2,334 tatcgata

ggtcacac 0.013 2.0E-09 0.08 776 693 gtcacac
gtcacact 0.009 1.1E-05 0.07 681 624 gtcacac

CACGTG = E-box
TATCGATA = DRE
GTCACAC = ???





Making the most of ChIP data

• Lee et al. - recent Nature paper Young Lab

• TF activity profiles from regression (E~B)
• Coupling of individual genes to TF activity

• Increase specificity of TF target prediction



TF activity inferred from ChIP + Spellman data (alpha)
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Group P Match Csize Gnumber Category Cname

B+/C+ 3.65E-06 15 427 63 MIPS_funcat_fc14 CELL FATE
B+/C+ 2.17E-05 13 382 63 MIPS_funcat_fc14_04 cell differentiation
B+/C+ 2.17E-05 13 382 63 MIPS_funcat_fc14_04_03 fungal cell differentiation
B+/C+ 8.82E-07 10 170 63 MIPS_funcat_fc14_04_03_01 budding, cell polarity and filament formation
B+/C+ 4.6E-06 5 44 63 MIPS_funcat_fc40_10_03 chromosome
B+/C+ 4.14E-05 4 39 63 MIPS_subcell_fc1 cell wall
B+/C+ 2.74E-06 4 23 63 MIPS_subcell_fc27 chromosome structure

B-/C+ 8.19E-05 4 11 291 MIPS_funcat_fc01_03_07 deoxyribonucleotide metabolism
B-/C+ -4.6E-12 79 628 291 MIPS_funcat_fc03 CELL CYCLE AND DNA PROCESSING
B-/C+ -8.7E-12 43 251 291 MIPS_funcat_fc03_01 DNA processing
B-/C+ 1.39E-09 20 94 291 MIPS_funcat_fc03_01_03 DNA synthesis and replication
B-/C+ 6.21E-11 28 153 291 MIPS_funcat_fc03_01_05 DNA recombination and DNA repair
B-/C+ 2.04E-06 43 451 291 MIPS_funcat_fc03_03 cell cycle
B-/C+ 3.42E-07 38 352 291 MIPS_funcat_fc03_03_01 mitotic cell cycle and cell cycle control
B-/C+ 0.000173 134 2239 291 MIPS_funcat_fc40 SUBCELLULAR LOCALISATION
B-/C+ 8.47E-07 9 31 291 MIPS_funcat_fc40_05 centrosome
B-/C+ 1.24E-05 20 157 291 MIPS_funcat_fc40_07 endoplasmic reticulum
B-/C+ 2.74E-05 9 44 291 MIPS_funcat_fc40_10_03 chromosome
B-/C+ 1.24E-08 21 115 291 MIPS_subcell_fc4 cytoskeleton
B-/C+ 4.6E-07 8 23 291 MIPS_subcell_fc6 tubulin cytoskeleton
B-/C+ 3.93E-06 9 36 291 MIPS_subcell_fc7 spindle pole body
B-/C+ 4.34E-06 21 159 291 MIPS_subcell_fc9 ER
B-/C+ 3.93E-06 5 11 291 MIPS_subcell_fc15 ER-golgi transport vesicles
B-/C+ 0.000123 61 836 291 MIPS_subcell_fc22 nucleus

B+/C- No significant enrichment for any MIPS category!



Two hypotheses:

• Non-coupling promoters are ChIP false 
positives

• Non-coupling promoters are truly bound by 
TF, but they fail to recruit Pol II complex
(do they have another role?)





Human Transcriptome Map

• Map SAGE data to genome assembly
• Spatial clustering of high/low expression
• Multiple length scales: 30-1000 genes

– RIDGES / “ridgeograms”
• Correlation with, and clustering of:

– GC-content
– gene density
– inverse intron length











Two hypotheses:

• Passive role of chromatin: evolution favors 
highly expressed genes to be physically 
close, as they will help each other in 
“opening up” the chromatin

• Active role of chromatin: chromosomal 
domains are controlled by polycomb
proteins, boundary elements, …?
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