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PROBLEM

What information controlling gene expression
Is encoded in genome sequences?

>Saccharonyces cerevisiae chr V
CGTCTCCTCCAAGCCCTGTTGTCTCTTACCC

GGATGT TCAACCAAAAGCTACTTACTACCTT
TATTTTATGITTACTTTTTATAGATTGICTT
TTTATCCTACTCTTTCCCACTTGTCTCTCGC

TACTGCCGT GCAACAAACACTAAATCAAAAC
AGTGAAATACTACTACATCAAAACGCATATT ?
CCCTAGAAAAAAAAATTTCTTACAATATACT F e at ures:
ATACTACACAATACATAATCACTGACTTTCG -
TAACAACAATTTCCTTCACTCTCCAACTTCT
CTGCTCGAATCTCTACATAGTAATATTATAT

CAAATCTACCGT CTGGAACATCATCGCTATC
CAGCTCTTTGTGAACCGCTACCATCAGCATG
TACAGTGGTACCTTCGTGT TATCTGCAGCGA

GAACTTCAACGT TTGCCAAATCAAGCCAATG
TGGTAACAACCACACCTCCGAAATCTGCTCC

AAAAGATACTCCAGT TTCTGCCGAAATGTTT




Gene Expression: Experiment
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Gene Expression: Mechanism
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Conserved Sequence Rules
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Conserved Sequence Rules
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Conserved Sequence Rules
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Conserved Sequence Rules
{S,>0; S,>0;

min( | Py;— Py <30)}
J

Conserved Word Pairs

» Finding Conserved Words

» Evaluate Word Pairs

1) Joint Conservation
2) Close Spacing

» Validate with Gene Expression




Finding Conserved Words

» 3860 CLUSTALW alignments from MIT

» Conserved word
C,, = Found in same position in 3+
genomes within 600 bp of gene start

w

> MET28_YAP5
Scer  AACCTAAAACCAAAAAAAA- A- AAATAAGT CACGT GCACT
Spar  AATAAAAAATAGACTAACA- A- ATTGCGGT CACGT GCACT
Smik  AATCCCAGGCCAAAAACCAGA- AATTGAGT CACGT GCAGT
Shay  GTCACGTGCCCGACGGCCCCACAACTGTGGCATCCATCTT

Conserved Word Pairs

» Finding Conserved Words

» Evaluate Word Pairs

1) Joint Conservation
2) Close Spacing

» Validate with Gene Expression




TEST: Joint Word Conservation
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TEST: Joint Word Conservation
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TEST: Joint Word Conservation

» 2090 words (Length 6: Word-Rev complement )
» 2.06 x 106 Word PAIRS (Exclude overlap)
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TEST: Close Spacing

For conserved genesg:1...N

J4= (Pyg, P,y ) sampled jointly
from position distributions

Test Statistic

1 )
X=NZ min | Py —Poy |

NULL: X obtained from random sampling

ALT: X smaller than expected from sampling




TEST: Close Spacing

Nonparametric Bootstrap
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TEST: Close Spacing

Nonparametric Bootstrap
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TEST: Close Spacing

Nonparametric Bootstrap

» Position distributions M, ={Py, ..., Py}
My ={Pa1, ... . Poy }

—_— —— —_—

> Data J1:(P11’ P21)’ 1‘Jn:(P1n’ P2n)
» Bootstrap 3, = (P;;®, Py ™®), ..., 3, = (P, Py ™)
resampled with replacement from 1, I1,

> Record quantile of X in 100000 samples of X™
(empirical null distribution)

TEST: Close Spacing

HISTOGRAM of Bootstrap Quantiles for Word Pairs
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Conserved Word Pairs

» Finding Conserved Words
» Evaluate Word Pairs
1) Joint Conservation

2) Close Spacing

» Validate with Gene Expression

Validating Expression Subsets

Conserved Sequence (SUBSETTING) Rules
Genome (6000 genes)

{S;>0; S,>0;
mjin(IF’l,-—PzJ-|<d)}

v

SUBSET (N genes)

v

Assess gene expression
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Validating Expression Subsets

Some Nonparametric Tests

1) Subset mean
2) Subset distribution
3) Subset weighted correlation

4) Kernel density classification

Find optimal word pair distance

(Mann-Whitney)

(Kolmogorov-Smirnov)

(?)

(Mixture of normals)

d* for each test ...

Validating Expression Subsets

Kolmogorov-Smirnov
Frequency
0.35 -
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e G GATA ff%ﬂm
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Conserved Word Pairs — EXAMPLES

AACTGT-CACGTG (Cbfl-Met31) N 29

ir y2
S 0oL

63 bp MET28_YAP5

189 bp YHR112C YHR113

p< 107 p< 108

Conserved Word Pairs — EXAMPLES

AAACGA-CCGATA (Upc2-Hapl) N 32
Pair x? 39.5
Other DNA damage MMS Spacingp O

YHRO07C ERG11

101 bp

W
p< 105
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Pipeline Summary

5B0E
# Genes > 10 o
, T4

Spacing < 0.05 815

K-S<10°& E=F!

Improve >10 28

Known TF 5 s TEMPLATE [ChiZ = 30)

RAMDOM (1 of 10 Chi? = 1)
il 2000 4000 000 BODD 1000C
£ Word Fairs

Future Directions

> Better gene expression subset tests (Timecourse)

» More flexible sequence models (IUPAC, Self-dimer)
» Automate distance cutoff (Distance d)

» Parameter optimization: 8 threshold values!

( Conserved: # aligned genomes & # upstream bp,
Joint conservation x2, Bootstrap quantile, K-S probs,
Min gene #, Distance d )
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Validating Expression Subsets

Kolmogorov-Smirnov
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Comparing Expression Samples
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Comparing Expression Samples
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