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Gibbs sampling and centroids
for gene regulation

e Gibbs Sampling

« Centroids

 DNA cis-regulatory elements

« Computational Prediction: Inputs, Outputs
« Results

e Methods
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Gibbs Sampling

» Simultaneous sampling of &, 6,, ..., 8, from

posterior distribution p(6,, &, ..., 6, | D) can be
hard.

e Butoften, If 4,, ..., 6, are fixed then it isn’t hard
to sample 6, from

9 ’9 L 9 D

p(€l|€2"°-1 = p( 1 ”2 | )
Z p(eli 2y n | D)
and similarly for each of 6,, ..., 6,4, and 6.

e This Is often good enough!
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Gibbs sampling algorithm

 Repeatedly loop through the parameters,
sampling é,, 6,, ..., 6., 6,, ... In turn.

 Repeated iterations converge to desired
distribution. Keyword: detailed balance
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Find the Centroid — or why we
want the posterior distribution
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We focus on the region of solution space containing the
most posterior probability, rather than on the single
solution that has the most joint probability.

—> Ignore nuisance variables; build the centroid from
marginal probability of relevant features.
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DNA cis-regulatory elements
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Importance of DNA cis-
regulatory elements
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portant

for the understanding of
cell function,
differentiation, and
pathology

. because the elements

affect both the products of
genes and when and to
what extent the genes are
expressed

Typically vary species to
species, but not individual
to individual, except
pathologically.



LU L Mo e
— Element sites GCA .. ACGCGGAGGTATGCGG

— Motif (pattern) description e

Input data Niire,
— Promoter sequences: aligned when feasible hotog
(e.g., 20 sequences x 5 species)

— Phylogenetic tree and model: or ad hoc
substitute

Input parameters

— Motif model type: consensus w/ deviations
vS. probabilistic

— Motif size: fixed, varying. (6-36 nts.)

— Motif shapes: palindromic, off positions T

— Site frequency: per promoter, genome m\
: l_ll---rl-llﬂ'}l-'l-lilll;“l |

8. kudriavzewi

8. paradoxus 2 ey,

3. cerevisiae

5. bayanus

i

— Site positioning: nucleosomes, relative to +1
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Effectiveness in simulations

A TFBS Total True False False
# Sites  Algorithm® Predictions  Positives  Positives  Negatives PPV Sensitivity”

o "@=—=—=—n a & Crp
@ s ® = 9 o— 1 MAP+Phylogeny 8.0 53 2.7 92.0 0.67 0.05
- A ‘E" 0..-""/ e 4 1 Centroid+Phylogeny 22.7 22.7 0.0 773 1.00 0.23
& < 2 < / sl [ PhyloGibbs 53.3 0.7 52.7 99.3 0.01 0.01
< g = 5 P 2 ;\:1,-\I’ ‘!’h}lugcn} 46.0 43.3 2.7 156.7 0.94 0.22
L Tt 2 Centroid+Phylogeny 122.3 122.0 0.3 1.7 1.00 0.61
© i T I ) e LI\ T T | 2 PhyloGibbs 79.7 16.7 63.0 183.3 0.21 0.08
3 MAP+Phylogeny 157.0 155.7 1.3 144.3 0.99 0.52
1 2 3 4 ! 2 3 - 3 Centroid+Phylogeny  241.3 2413 0.0 58.7 1.00 0.80
3 PhyloGibbs 86.7 41.7 45.0 2583 0.48 0.14
Number of simulated Crp sites Number of simulated Crp sites 4 MAP+Phylogeny 284.7 2843 03 115.7 1.00 0.71
4 Centroid+Phylogeny 364.0 364.0 0.0 36.0 1.00 0.91
4 PhyloGibbs 109.3 81.7 27.7 318.3 0.75 0.20

C D STBSp
1 MAP+Phylogeny 95.7 6.0 89.7 94.0 0.06 0.06
o—20C | Centroid+Phylogeny 42.0 8.0 34.0 92.0 0.19 0.08
2 of"’ﬂi,\_ g o I PhyloGibbs 106.7 3 102.3 95.7 0.04 0.04
= _ s s—"2 2 MAP+Phylogeny 131.7 623 69.3 137.7 0.47 0.31
L o B Z o= / 1 2 Centroid+Phylogeny 79.7 65.3 14.3 134.7 0.82 0.33
= L g = .2 " 2 PhyloGibbs 96.0 15.0 81.0 185.0 0.16 0.08
8. - n/ _ 3 MAP+Phylogeny 218.3 171.3 47.0 128.7 0.78 0.57
e T T I | Sy : : ) 3 Centroid+Phylogeny  177.7 169.3 8.3 130.7 0.95 0.56
3 PhyloGibbs 137.7 71.0 66.7 229.0 0.52 0.24
1 2 3 4 ! E 3 4 4 MAP-Phylogeny 302.7 265.7 37.0 134.3 0.88 0.66
4 Centroid+Phylogeny 273.0 269.3 3.7 130.7 0.99 0.67
Number of simulated STB5p site Number of simulated STB5p site 4 PhyloGibbs 228.0 1723 55.7 227.7 0.76 0.43
Veritying K It
ying
Motif Passible Total True False Falze Mean

Models  Sites” Predictions Positives Positives ~ MNegatives 11V Sensitivity

1 103 317 473 10.3 557 0.82 046 020
2 128 74.3 57.3 170 537 0.77 045 0.25
3 132 7.3 61.3 18.0 0.7 0.77 0.46 0.29

Novel predictions (by others)

E.qg.: Driscoll et al. (2007) Carbon utilization pathway in Shewanella
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Gibbs sampling for gene regulation

Random walk through posterior probabllity space.
We iterate, re-sampling:
e Missing Data

— Element sites

— Tree sequence alignment

« Parameters
— Motif model logos

Record key features as we walk.
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Gibbs sampling needs
conditional distributions

o Plausible, workable, statistical model components:
— Halpern & Bruno (1998), Mol Biol Evol, nucleotide evolution
— Position weight matrices for motif models, efc.
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Centroids for gene regulation
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Determine the centroid set of DNA element sites
using marginal probability of each possible site.
(The MAP/MLE of the walk is inferior.)
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Single CPU / Small Cluster / DNA@home.
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Payoff

Plausible statistical model components
+ Gibbs sampling o5
+ Centroid

- Robust predictions

 Theory: Newberg et al. (2007),
Bioinformatics, Pubmed17488758

e Use: Thompson et al. (2007), Nucleic
Acids Research, Pubmed17483517
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http://dx.doi.org/10.1093/bioinformatics/btm241
http://www.ncbi.nlm.nih.gov/pubmed/19589158
http://dx.doi.org/10.1093/nar/gkm265
http://www.ncbi.nlm.nih.gov/pubmed/17483517
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