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Motivation

Protein-Protein Interactions

[@ Interactions between bait proteins and prey
proteins.

[J Critical in many biological processes
« Formation of macromolecular complexes

» Transduction of signals in biological
pathways

Motivation

Group Testing

* Dates back to World War II.

* Now being used in many applications.

« An efficient method to identify ‘protein-protein
interactions’ between a finite number of bait
proteins and prey proteins, through conducting
tests on subsets of bait and prey proteins.




Motivation

Group testing for protein-protein interactions

Set A: Bait proteins Testl = positive

Motivation

Model group testing as binary incidence matrices

d-disjunct matrix

An t X n binary matrix is d-disjunct (d < t) if for any d+1
columns Cy, Cy, ..., Cy, there exists a row such that C, has
an 1-entry and all C,, ..., Cy have O-entries.

0 o 1 0 0
1 0 0 1 0
A 2-disjunct matrix 0o 1 0 0 0
1 0 1 0 1
1 1 0 0 0
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T test/item © © © ® © ° ® ©
[ JOR 1 2 3 4 5 6 7 8  Output
v — e0e W
I testl 1 0 1 1 0 1 0 1 1
) test2 0 0 1 1 1 0 1 0 0
Test2 = negative
T test3 1 0 0 0 1 0 0 0 0
oee) i><I eta (O 1 0 0 0 1 0 0 1
Set B: Prey proteins T
Group testing in a complete bipartite graph K, g
(& (&
Motivation Motivation

d-disjunct matrix for bipartite graph

The binary incidence matrix M for a bipartite graph
H is d(H)-disjunct if for any d+1 edges ey, e, ..., €4
of H, there exists a row in M indicating that a test
contains e, but not ey, ..., .

@ ® @ ® output
0 1 1 0 1
1 0 0 1 0
A 3(H)-disjunct matrix 1 1 1 0 0 %
1 0 1 0 1
0 1 0 1 0




Problem Definition

(o

How to construct a d(G)-disjunct
matrix for a bipartite graph G?

* Input: a bipartite graph G=(A, B, E).
e Output: a d(G)-disjunct matrix (A test regimen).

The First Construction

* G=(A, B, E) is a bipartite graph.

* M, is a d-disjunct t, X |A| matrix with columns
labeled by the vertices in A.

* Mg is a d-disjunct tz X |B| matrix with columns
labeled by the vertices in B.

@ @ ® @ ® ®

1,/ 1 0 © 1,] 0 1 0

M= 2,] 0 1 0 Mg= 25| 1 0 0
3,/ 0 O 1 3,00 O 1
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The First Construction

M
<iA>/® @ ®\ <ip, ig> ® @ @ @ & ®
1,/ 1 0 0 <1AA 1BB> 1 0 0 0 1 o0
<1, 25> 1 0 0 1 0 0
Ma= 24 0 1 0 <1,, 35> 1 0 0 0 0 1
3, 0 0 1 <2, 15> 0 1 0 0 1 0
~ - <2, 25> 0 1 0 1 0 0
@ ® ® <2 35> 0 1 0 0 0 1
<ig>~ ~ <3,, 1> o o 1 0 1 0
1 0 1 0 <3y 25> o 0o 1 1 0 0
Moz 2.| 1 0 0 <3, 35> 0 .0 . 1 0. 0 1
B B Cell (< iy, ig >, u) = 1 if and only if
3 0 0 1/ s ueA, cell (i, u) in M= 1 or

*u€B, cell (ig, u) in Mg=1

The First Construction

M is a d(G)-disjunct matrix.

For edges ey, ..., &, is there a row indicating a test contains e, but not e, ..., &,?
Row < i, "> in M contains e,, note,...e,!

(o

® 2 @ @ © L=k -
<1, 1> 1 0 o] o 1 0 M, and Mg are 2-disjunct.
12> 1 0o o 1o 0 € :((xov Yo))#(%x (.‘D))
e, =(x,, y)=(@.
<1, 3> | 1 0 0 0 0 1] Lo
€, (X, ¥,)=(@.®)
@ul> |1 o] o 1 o 2
M= <2,2>|0 1 0 1 0 0 o
<2u3%>| 0 1 0 0o o0 1 In My, i, xg)=1, (i, X)=0,
S 1> 0o 1 o | el
Ml e o 1 1 o o | "™Me (YL (' yo)=0,
<3p 25> YY1 o Vb My}
<8,3>\ 0 0 1 0 0 1
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The Second Construction

* G=(A, B, E) is a bipartite graph. i 09
* GF(q) be a finite field of order qg. 0 0.0
» Associate each edge e = (u, v) of G a pair of polynomials
(f., 9)- f, and g, are of degree k-1 over GF(q).
Cell (x, e) = (f,(x), g,(x) (@.®) @@ @@
1 ([ (D), g5@) | (D), 94(2))  (A2), ga(1)
Mg(Q, k, t) = 2 ||, 552D | (:2). 0:2) (D), 9:(2))
3 |[(1G3). g:@)] (:(3). 943)  ((3). 55(3))

@.@)
(f2(1), 9a(1))
(f2(2), 94(2))
(f2(3). 94(3))

Ift = k , then for any 2 columns c, c, ,there

exists a row at which the entry of C, does not equal the entries

of C, :
@-’ 13

The Second Construction

Mg(a,k,t)
’1‘”I><i’z‘*) x“y2> @ @ @ @
G(A B, E)

0 ) <1, (f(1), 91> (1 0 1 0

<1, (f,(1), g4(1)) > |1 0 0 1

M'g(a.k.t) <1, (f(1), gs(1)> |0 1 1 0

« @0 @0 @6 @@ <LEOoum>jo 10 1

1 (0. 61 GO0 GO oW 6o ow) o O@.e@)> 11010

<2,(f1(2), 94(2))> | 1 0 0 1

2 (6@.95@) 6@.90) G@sE) G@e@) o T

3 [13.00) (@.00) 6O.0@® C®aE) ) (f(z)' gz(z)) e 1 4 1

s (12(2), 94

<3,((3),93)> |1 0 1 0

In M, cell (<x, (y, z)>, u) = 1 if and only if <3, (1,(3), ,(3) > | 1 0 0o 1

*UEA f(x)=yor <3, (H3)g@)> |0 1 1 0

*u€B, g, (x) =z <3, (3. 8,EN>\0 1 0 1
b ”

The Second Construction

(@.@)
(f1(1), 94(1))
(f,(2), 94(2))
(f1(3), 94(3)

(@.@)
(f2(1), 95(1)
(f2(2), 95(2))
(f(3), 9(3))

@@
(1,01, 9.(0)|
((2), 94(2))
((3). 94(3))

Cell (x, e) = (f,(x), g,(x) (@.®)
1 |[(R(D). g5(1)
M's(a, k1) = 2 | (.. 0:2)
3 [ (:(3). 6s(3)

Ift =d(k-1)+1, then for any d + 1 columns C, ... C,, there
exists a row at which the entry of C, does not equal the entries
of C, ... C.

2 f,(1) = (1) & g5(1) = g4(1)

(6

The Second Construction

x=1, (y, 2)= (f,(1), 95(1))

® @ @ @ |t >d(k-1)+1,then

W =t - <a[6® e@p Lo 1 o) Mg,k t)is d(G)-disjunct.
WO G Ememp (10 0 1
fo=y? b0 ob)P o 1 10
9,0 =22 <L), g()p |01 0 1 M's(a, k, 1) has a row x such that

<2,(f(2),05(2)> |1 0 1 0 the entry (y, z) in cell (x, e,) does

<2, (h(2,0,2)> |1 0 0 1 not eq_ual the entry in cell (x, e)
Mg(a.k,)= 2 G@a@> |0 1 1 0 forallj=1...d.

<2 (2. 0,)> 0 1 0 1 Row <x, (y, z)>in M contains

<3, (3. gEB)> |1 0 1 0 e, Note,...e,

<3,(h3),9,@)> |1 0 0 1

<3,(H3),5,3)> |0 1 1 0

<3, (3, 0@)> \0 1 0 1

(R;! For edges e, ..., e, is there a row indicating a test contains e,, but not e, ..., e,?
N
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Generalization

e G=(V, E) is a hyper-graph and c-colorable.
* GF(q) is a finite field of order q.

» Associate u e V a polynomial p, of degree k-1 over GF(q)
such that for u and v with the same color, p, and p, are
distinct.

Generalization

Step 1:
Construct a t X |E| matrix M’g(q, K, t) with the rows labeled
by t elements in GF(g) and the columns labeled by all the
edges of G such that each cell (x, €) contains a set
{(py(x),i) | u €V with color i}.

- Property of M": For any d+1 columns C,, ..., C4in A5(q, k, t),
there exists a row at which the entry of C, does not contain the
entry of C; for j=1, ..., d.
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Generalization

Step 2:
Construct a matrix Mg(q, k, t) from M’'g(q, k, t). Mg(q, Kk, t)
has |V| columns labeled with all the vertices in G. For
each row x of M';(q, k, t) and each entry Q at row X,
construct a row with label <x, Q> for Mg(q, k, t) such that
the cell (<x, Q>, u) contains a 1-entry if and only if u is in
color i and p,(x)=y for (y, i) €Q.

-Ift =d(k - 1) + 1, then Bg(q, k, t) is d(G)-disjunct.

Thank You !




