OUERIIEN

* Introduction to Group Testing.

* DNA Library Screening.

» Superimposed Coding Theory.

* Two-Stage Group Testing.

* Bound on parameters of DNA library screening
experiments.




EROUR 1ESTING
SCREENING EXPERIMENTS

» Mathematical technique commonly
employed in the design of screening
experiments.

POPULATION (t units)

* Population of t units,
at most s units are defective

nits have a characteristic that is
n the non-defective (negative)

SCREENING EXPERIMENT DESIGN APPLIED TO
POPULATION
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GROUP TESTING
APPLICATIONS

Types of problems in which Group
Testingjis used:

* Pollution tests.
* Leakage tests.

* Flow tests.
* Identifying active users.

* Pattern recognition.

» Screening experimental factors.




GROUP TESTING
ORIGIN]

* Idea originated in the spring of 1942.
Dorfman and Rosenblatt.

*Blood samples of millions of draftees
subjected to identical analyses for detection of
syphilis.

* Instead of analyzing
each blood sample,
the samples should
be analyzed in pools

(groups).

GROUP TESTING
APPLICATIONS

Problems that can employ Group
Testing;T

* Pooling of DNA libraries to determine which
strands in the DNA library contain a probe
(DNA Library Screening).




» Decoding the solutions is problematic.
» One method to decode solutions (determine the positive
clones) is to employ group testing (or pooling).

DA LIBRARY SCREENINE

* A DNA library is a large collection of carefully constructed
single stranded DNA sequences, that can be used in
computations to encode solutions to mathematical
problems.
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DNA strands (1 positive clone).

is to identify in the least amount of

SEENING ENRERIMEN [ENANIPLE

ere are 7 single DNA strands in a library and after
tation we obtain a solution set containing 1 of the 7
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SREENING ENPERIMER [EANIPL:

* Can use group testing by augmenting every strand
in the DNA library with synthetic "tag’ strands
constructed from the screening experiment design.

DNA Library Augmented
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* To find exactly which strands constitute the solution
set, probes need to be developed that will read the tags
simultaneously.

SCREENING EXPERIMENT =
1 POSITIVE GLOKIE
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SCREENING EXRPERIMERNT =
2 POSITIVE CLONES
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SUPRPERIMPOSIED
CODING THREORY

onsider the following matrix:

(1) =(2) - . . m;(?)
xa(1) x2(2) . . . za2(t)
X= | ’ - xi[j) ’ ma(.?:] E{Uﬂl}
l zn(l) zn(2) - - . an(t)
()] pefinition (Code).
x (/)
X(j)=| The above N x t matrix is referred to as a

code. The columns of X are the code packets.
: Let x(i) denote the i-th code packet. Code X is
1%()]  of size tand length N.




SURPERIMPOSIED
CODING THREORY
Definition: Cover

X(7) covers X(J) if and only if:

x(9) v x(j) =x(i)

* Example (cover):

o O
o O
(el
—_ =

01 110010
010 1
1110

SUPRPERIMPOSIED

CODING THREORY

Definition: Superimposed Code

A code X has strength s if and only if the Boolean sum of any
s codewords does not cover any other codeword in X.

A code of length N, size t, and strength s is an (N,s,t)
superimposed code. The matrix X is also called s-disjunct.
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* The codes which we will implement were
introduced by Kautz-Singleton in 1964, and are
built from the following code:

Definition (Reed-Solomon Code ) Let k.71 be integers that satisfy l <k <n < g+ 1,
and let ay, a9, .., Qg1 denote the non-zero elements of GF(Q’;\. The matrix:

1 1 L 1 10

a1 Qs ... ap—a 00

ad ay a2, 00
a,”l"_-k_l a’;__k_l L a&ig_l 0 1 J

15 the parity-check matrix of an MDS [n, k, n—k+1] code which 1s known as the Reed-Solomon
code.

Using [ﬂ.,k, n—k+ l] Reed-Solomon codes where 113 maximal 1e. n = ¢+ 1, the family of
superimposzed eodes implemented 12 obtained.

SUPRPERIMPOSED CODES
FROM REED-SOLOMONRN CODES

Let ¢ be a prime or prime power and & = 2. Take C to be a g—nary [g+ 1, k. g — k + 2]
Reed-Solomon code, of size t = g*. Code € can be respresented by the following matrix, whose
columns are the codewords of C:

w(l) w2 . . . wn()
(1) 1(2) - welt)
| ve(l)  we(2) - . . we(t) |
C= . .
Ygr1(1) ye+1(2) - Ygha(t)

u(j)eGF(g),i=1,2,_.g+1,.j=12 4"

C can be transformed into a binary superimposed code by applying the following transfor-
mation Each symbol of GF(g) is associated with a binary column vector of length ¢ and
weight 1 1.e.

1 000 ... 0
{0100_0—‘
0123  g-1]=l0001 . g




SUPERIMPOSED CODES
FROM REEDR-SOLOMONKN CODRES

wn(l) w2 . . . () ]

ya(1) wi(2) . . . w(t)

va(1)  we(2) . . . wa(t)

C = . .
| vgr(D) ve2(®) - - - yena(t)

vi(J) €GF(g),1=1,2, . q+1,5=12 _ 4"

Each symbol in C 1s then replaced by the binary column associated with 1t. This transfor-
mation produces a binary g(g+ 1) x ¢® matrix X, which is a superimposed code of size t = 2%
with the following parameters (strength iz calculated by (b) usingw=¢+1, A=k —1):

K= lkhogya). N=gg+1). o= |Lg]

This binary superimposed code will be labelled as an (N, 5,1} code.

DA ILIBRARY SCREENINE

» If the solution set contains up to s strands then:

» Augment every strand in the DNA library with
synthetic ’tag’ strands constructed from the screening
experiment design set forth by a superimposed code
of strength s.

DNA Library Augmented with
Superimposed Codewords
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rows are superimposed codewords




ORIA LIBRARY SCRIEENINE

DNA Library Augmented with
Superimposed Codewords
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disjunct matrix
rows are superimposed codewords

* Once the probes output the resulting vector (which
corresponds to the Boolean sum of the superimposed
tags present), the solution strands are then recovered.

DRA LIBRARY SCREENNG

* If the number of strands in the solution set (hnumber of
positive clones) exceeds the strength of the superimposed
code used then other tags (of negative clones) will be covered
by the result of the experiment (Boolean sum of positive clone
tags).

* Given a value p we would like to obtain the function for
average number of extra tags (clones) covered by the
Boolean sum of an arbitrary p-set of tags from the
superimposed code used.

» Studying the asymptotic behavior of such a function, allows
us to obtain better bounds on the maximum number of tests
required to find p positive clones among t clones and it also
allows to calculate the maximum number of clones we can
find using N tests among t clones.




DNA LIBRARY SCREENING
TWO=-STAGE GROUPR TESTING

» Stage 1: Carry out experiment to determine
which clones are covered by the result
(Boolean sum).

» Stage 2: Extra negative clones could be
covered, thus we must establish which
covered clones are indeed positive.

This is done in polynomial time since
checking a possible solution to an NP
problem is done in P time.
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Consider an arbitrary MDS code C' with parameters g k,n of volume t = ¢ k<n—-1<gq
and codewords x(2) = {@1(3),22(3), .., zn(1)},7 = T.,f . Where g is the number of symbols in the
alphabet GF(qg), n is the length of the code, d = n — k + 1 1z the minimal Hamming distance
and the minimal weight of the codewords. Denote by Si(n) the number of codewords in C of
weight w. Then we have-

s = (7))@= ‘g(_m (“7 e w-am

the total number of p—sets of C that do not cover 0
L] -
catp.m) = 31 (7)(% 1))
i=1

Then the average number of codewords that do not belong
to but are covered by an arbitrary p—set of C' is:

((qkp_1) — Colp, n)) qk
()

Lip) =




Theorem

Let o= g, k= llﬂ:;ﬂ
) o0
qhm Liag) — 0

J_ Then as g — o¢:

fa=>1n2
fa<In2
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EBEOUNDS

*Let: g beaprimepowerandlet f ={ q J
log, ¢

¢ If the number of positive clones p= In2 log 2 t
then for sufficiently large size of library #:

N <(log, t)

+ If the number of tests N = (10g2 t )2
then for sufficiently large size of library ¢:

p<In2log,t




