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Abstract

Gene Regulation: A Series of Logic Operators
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Cross,Siggia Genetics 2006, 
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• Low complexity sampling space
• Many nonsense variants

• Requires new synthesis technology
• Requires apriori selection of test set

Genomics
ChIP

Computation Prediction of 
TF Binding Sites

Genetics
Promoter “bashing”

• Allows fine grain mapping
• Time limits seq.space (1 PhD-1)
• Difficult to systematically 

extract trans interactions

• Coarse but more complete map
• Experimental error significant
• Condition Space can be used

to extract network motifs

• Expression clustered
(Roth/Church)
•Statistical PSSM(Friedman)
•Phylogenetic(Wasserman)
•ChIP /Evolutionary(Fraenkel)

Community Progress
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CGGNNNNNNNNNNNCCG
CGGCTGCGTTACCCCCG
CGGCAATGATCAAGCCG
CGGCGTGGGATCTTCCG
CGGAAATTGAAAACCCG
CGGCTACGGAGAAACCG
CGGCATCACTGGAGCCG
CGGCCTCGCCAAACCCG
CGGTAAGGAATGTGCCG
CGGCAAATTTCGACCCG
CGGTATAGAAAGGCCCG
CGGTGTCAACCATGCCG
CGGAGGAGAGTCTTCCG
CGGAGGGCTGTCGCCCG
CGGCGGCTTCTAATCCG
CGGATTAGAAGCCGCCG
CGGGCGACAGCCCTCCG
CGGAAGACTCTCCTCCG
CGGTGAGCAAGTCCCCG
CGGTTTCGAGCAGTCCG
CGGTTTCATGTTGACCG

20 of 208 Gal4 binding Sites (1-5 copies per gene)
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Gal4 is perhaps the best characterized eukaryotic
regulatory binding site.  Other transcription factor
binding sites have highly variable length as well as 
sequence.

Why Is Computational Prediction Difficult?
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Align regulatory sequences of all genes in a single 
species and search for conserved sequence

S.cerevisiae (12x106 bp)
16 chromosomes
~6x103 genes
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Computational Discovery of Transcription Factor Binding Motifs in 
the Post-Genomic Era
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~fmol /sequence

4x104 spots
140bp sequences

Error Rate of Agilent’s Synthesis of 140bp Sequences
 ~50% of the Sequences are Perfect
 ~40% of Errors are Deletions > 10bp
 ~10% of Errors are Single Substitutions, Deletions, Insertions
 Concentration Discrepancies Between Sequences No < 10 fold
 8-10 100mers Needed for 1 Variant Construct

Cleaved by
Agilent

Assembly From Low Cost, High-Throughput, Solid 
Substrate Synthesized DNA

Primer Sequences Need to be Cleaved From the 
Sequence of Interest, Exposing the Ends for Assembly

Overview: Experimental Scheme

Each Subset of Sequences for a Single Regulatory 
Variant is Amplified by Common Flanking Primers

100bp Fragments Are Used to Assemble the Larger 
Regulatory Sequences

Align regulatory sequences of conserved genes across 
closely related species and search for conserved sequence

Friedman Test Motif Fraenkel Binding Map

Fraenkel Evolutionary Map

-Sites determined by Hagen et.al 1991

Harbinson, et al. Nature 2004
MacIsaac, et al. BMC Bioinformatics 2006

No single software gives comprehensive
predictive power – although improving

3 Predictions for FUS1 TF Motifs Using Different Motif Compendiums

This is more applicable to development.  
Feedback loops are necessary to describe 
most response regulation.

Understanding gene regulation in model species, such as S. cerevesiae (yeast), is an important step
in understanding gene regulation in higher order eukaryotes. S. cerevesiae has not only been sequenced,
but a vast amount of data and computational resources are available in the public domain. Unlike other
eukaryotes, the non-coding portion of DNA in yeast is relatively small, and there is an absence of much
post-transcriptional control (e.g. introns, RNAi). These two factors make the study of regulatory regions
in yeast a more feasible problem.

A library of synthetic promoter variants is designed from manipulation of predicted regulatory
motifs in the native sequence. Because commercially synthesized DNA is commonly limited to ~100bp,
we chose to use low-cost chip-synthesized sequences as substrates. Assembly of the promoter variants
begins by taking cleaved sequences (140bp) from a Microarray (provided by Agilent) and amplifying
subsets of the sequences away from the larger pool (40,000). One subset contains approximately 10
sequences (or fragments) to build a single regulatory sequence (1 promoter variant). The design of the
fragments includes primer sequences that flank all of the sequences belonging to a single subset. Primers
are modified with ribonucleotides at positions 10 and 20 (20bp length total), thus inserting them into the
PCR product. When exposed to alkali conditions, the ribonucleotides are nicked. The resulting short
pieces are stripped away by denaturing the strands and separating the 10bp pieces away from the 120bp
pieces. Strands are then re-natured (100bp of each piece are double-stranded with a 20bp overhang on
both sides). Overhangs are blunted with T4 polymerase, leaving 100bp fragments to build regulatory
sequences.

Fragments are assembled in a two-part process. First, the pool of fragments is thermo-cycled (like
a PCR) to allow the fragment overlaps to extend. Ideally, fragments of different sequences exist in
approximately equal concentrations, but because that is difficult to achieve, only a few full-length
sequences are made in the extension step. A normal PCR is then performed only amplifying successfully
assembled, full-length sequences. Partially assembled sequences are not recognized by the chosen
primers.

Assembled variants are then cut at a restriction site (Not1) downstream from the promoter variant,
and a reporter is then inserted. We have chosen to use both a fluorescent reporter and a sequence barcode
to enable flexible downstream analysis. A particularly powerful part of the design is that the assembled
regulatory sequence with the reporter is inserted directly into the chromosome, subjecting the regulatory
sequence to “normal” chromatin conformation. A total of 200 variants will be assembled and expression
will be measured using high-throughput sequencing technologies (barcode) or with a cell counter
(fluorescent marker).

The FUS1 gene is a good candidate gene to
study regulation because the dynamic range
of expression is very large (~27 fold). It is
not essential to the organism, therefore we
can replace the gene product with a reporter,
facilitating measurement. As a practical
consideration, FUS1 is part of the mating
pathway that is easily stimulated with
commercially available pheromones. The
combination of these factors allows for the
measurement of small differences between
our constructed regulatory variants. By
utilizing computational predictions, we are
able to identify possible regulatory motifs,
and can use that information to design
specific promoter variants for FUS1.
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