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Problem

Goal: discovery of regulatory targets of a TF.
Example: LexA in E. cols.

Data: DNA-protein binding; gene expression and DNA
sequence data.

Each type of the data has been separately used; a large
literature.

Here, use all three simultaneously!

Why joint modeling?

high noise level with high-throughput data: combining
information;

different strengths of the data.

Approach: (mostly) unsupervised learning (only few known

target); mixture model with empirical Bayes.




Model

e Statistical problem: testing Hy ; vs H; ; for each gene 3.

Hy ;: gene ¢ is not a target of the TF;

H ;: opposite to H ;.

T; = 0: Hop; 1s true;

X;: a statistic measuring relative abundance of the TF bound
to gene 7; binding data.

Y;: a statistic for differential expression for gene 7; expression
data.

Z;: a score measuring the degree to which one of its
subsequences matches a known motif for the TF; DNA seq
data.

e Mixture distribution for (X;,Y;, Z;):

f(xayaz> — ﬂ-fl(xayaz) + (1 N W)fo(ﬂ?,y,Z),




T = P’I“(Hl’i);
fo and fq: for genes with Hy ; and H; ; being true respectively.

Conditional independence:

f(iCa Y, Z) — 7Tf11($; 911)f12(y; 912)f13(2; 913) +
(1 - 7T)f01(l‘; 901)f02(?/§ 902)f03(2; 903),
0,x: unknown parameters for f;z.

Further assume each f;; to be Normal.
Oir = (Wjk, Tjk)-
Parameter estimation: EM algorithm.

Inference: use posterior probabilities

7 f11(Xi; 011) f12(Yi; 012) f13(Zi; 013)

Rank the genes by their Pr(Hy ;| X, Y:, Z;)...

Pr(Hl,i‘Xia }/727 Z’L) —




E coli data

e Binding data of Wade et al (2005, Genes & Devel.):
4 Affy arrays;

Largely followed the authors to obtain X; = peak log intensity
ratio (LIR) for gene 1.

Expression data of Courcelle et al (2001, Genetics):

4 cDNA arrays with a common control sample: wild-type
before and 20-min after UV treatment; lexA mutatnt before
and 20-min after UV treatment.

— Mi;,...,My;, normalized log intensity ratios for gene ¢ on

the four arrays;
— Y, = (My; — Ma;) — (Ms; — My;).

DNA data:

Why relevant? LexA is known to be a repressor of some “SOS
response”’ genes.




Extracted DNA seq in July 2006;
Downloaded 10 known binding sites of LexA from regulonDB

(v4,0); 9 genes, one with 2 binding sites;

Input all or only a half of them to MEME (Bailey and Elkan
1995, ML) to find a top motif;

Used scanACE (Roth et al, 1998, Nat Genet) to scan the

genome with a very low threshold, yielding at least one
matching subseq for most genes;
Z; = highest matching score for gene ;.

Combining the data and deleting genes with missing data, we
obtained G = 3779 genes.




Results

Known /putative targets listed in regulonDB (v5.5) (Salgado et al
2006), downloaded in November 2006:







B+E+S1 B+4+E+S2
1 1

61 59
1 1




Putative targets with a common motif (Class II, first 5) and
without any common motif (Class III) identified based on only the
binding data by Wade et al.:

Gene Bind Expr B+4+E Seql Seq2 B+E+S1 B4+EA+S2
fadE 147 1578 399 1563 293 456 348
mmuP 137 125 136 981 1031 150 143

clpX 160 3252 473 432 796 412 517
ybbJ 196 2024 5563 2281 1018 593 455
ybbK 128 1391 349 3303 1269 378 391

intD 195 2532 564 3463 3458 704 719
ybeR 94 3070 285 413 108 258 195
ybeS 1634 1771 2290 2378 3354 2926 2707
ybeX 58 3220 168 3496 3016 182 182
ybjK 34 2457 88 2378 2958 90 93
minC 20 360 58 35 50 46 48
ydeQ 81 2253 227 1042 350







Discussion

Extension of Wang et al (2002, PNAS): from 2 types of data to
3 types of data.

Parametric vs nonparametric (Pan et al, in press, Statistica
Sinica).

Posterior probabilities can be used to estimate FDR.
depends on the correctness of the model.

Extension: a mixture for each component.
Extension to semi-supervised learning.

Extension: incorporation of operon info, gene functions and

gene networks (Pan 2006; Wei and Pan, in press,

Bioinformatics)
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