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A DNA Computation Model to Solve 0-1 Programming Problem
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Abstract DNA computing is a novel computation paradigm with DNA molecules as ‘data’, and
encoding is a crucial problem with great difficulties of DNA computing. In this paper, a novel en-
coding method named double encoding method is proposed. which could make the procedure of
solution detection similar to DNA sequencing technology. By using this method a DNA algorithm
to solve 0-1 programming problem is proposed and PCR is done only 4 times of to detect the feasi-

ble solutions. Compared with other DNA computing algorithms, this method could be easier and

faster to read out the solution.
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1 Introduction

A DNA-based polynomial-time method
solve Hamiltonian path problem (HPP) was repor-
ted by Adleman in 1994, The result showed that
parallelism of DNA allows DNA computers to

to

solve painstaking problems such as NP-complete
problems with linearly increasing time. Since that,
the researches in recent years confirmed the above

view point. Such as, in 1995, Lipton proposed

DNA computing; 0-1 programming problem; encoding

molecular biology experiments to solve the 3-SAT
problem'” ; the surface-based DNA computation
was used to solve SAT problem™ in 2000; the
group led by Shapiro made an automatic DNA com-
puter model for diagnosing and curing diseasest*™ ;
and in 2002, Braich solved a 20-variable instance of
the 3-satisfiability (3-SAT) problem by DNA com-
puting. where the candidate solutions were 1. 04
million, which is, until now, the largest instance

solved by non-electronic computer™™,
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DNA sequences design is a crucial problem for
DNA computing and many algorithms were used to
encode. For example, Feldkamp'™ designed a se-
quence generation based on the uniqueness of over-
lapping subsequences; Kobayashi® presented the
template method to design DNA sequences by
using the Hamming distance to avoid undesired hy-
bridization reaction; the Eular Graph was used by
Blewicz" to design DNA sequences; and in 2005,
Tanaka®? designed software to get codes se-
quences by calculating free energy (AG). Sum up
such as AG, T,. the
Hamming distance and the composition of DNA

many factors, enzymes,

molecules, were considered to decrease the nonspe-

[ Nearly each program of se-

cific hybridization
quences generation was aimed on the equilibrium of
the constraints and the number of practicable DNA
sequences. However, the number of molecules re-
quired for solution grows exponentially, which will
limit the maximal size of the problem to be
solved™® . Sometimes to get adequate practicable
DNA sequences, some constraints should be neg-
lected, which would make the molecular biology
operation imprecise ",

In the paper, a DNA computation model is
proposed to solve 0-1 programming problem ac-
cording to the experiment done by Ouyang .
This model attempts to improve the feasibility and
validity of biochemistry operation by using a small
quantity of DNA sequences. Once these sequences
are designed, they could be used for other 0-1 pro-
gramming problems with n variable. Further more
the procedure of detecting solutions is somewhat
like DNA sequencing procedurel'™, which could
make the DNA computation be autoimmunization.
2 0-1 Programming Problem

The 0-1 programming problem is a special
form of integer programming problem, in which
the value of variable x;can only be 0 or 1. It is an
important problem applied widely in engineering.
There are many algorithms to solve this problem,
such as invisible enumeration method and exhaust
algorithm.

The special form of 0-1 programming problem
which we propose to solve in the paper is

max(min)z=c,x; +cyx, + - +c,x,»
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In the paper the 0-1 programming problem is
as same as reference [16].
min u=2x+y+3z,

r+2<1

J.r+y+z>2

t.

1y+z<1
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3 DNA Computation Model for 0-1
Programming Problem
3.1 Description of the Problem
The DNA algorithm was designed as fol-
lowed:

Step 1.

senting all possible solutions.

Synthesize all DNA strands repre-

Step 2. Delete unfeasible solutions through di-
gestion reaction by specific restriction endonucleases.
Step 3. Detect and read out the feasible solu-

tions by polymerase chain reaction (PCR).
3.2 Double Encoding Method

Two sets of codes were used. One is specific
sequences of restriction endonuclease as different
values for each variable, so the DNA strands re-
presenting the unsatisfied solutions should be di-
gested by the restriction endonucleases. The other
set codes are 6 DNA sequences which all has 15 ba-
ses. By using the second set codes, PCR could be
done to readout the satisfied solutions.
3.2.1

The existing specific recognition sites of re-

Encoding for variable

striction endonucleases were used to denote the dif-
ferent values for different variable. The length of
these DNA sequences is 6 bases.

The codes for values of variable were chosen
from existing DNA sequences of restriction endo-
nucleases. The constraints for sequence choice are
list as below: (1) the digestion reaction should be
high efficiency; (2) the isoschizomer should not be
used; (3) all endonuclases buffers should be iden-
tical biologically.

For a variable x with two values 0 or 1, two
different DNA sequences could be used to represent
0 or 1 respectively. According to the constraints
above, we choose 6 sequences (Table 1) to repre-
sent the values of variable x,y,z. Based on this set
code, the digestion reaction should be done.

If there are n variables, 2n DNA sequences
could be used, that is 2n restriction endonucleases
could be used.
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Table 1 The Endonucleases for Values of Variables

Restriction endonucleases DNA sequences

St GG
Aatl CTACAG
.
. o
20 Bsul5l ?;I;E((J:‘?};
o1 Bsp14071 122?5}1\‘

3.2.2 Encoding for linker

These codes include 6 DNA sequences of 15
bases separately, which could be divided into two
set: primer sequences and linker sequences.

Primer sequences: P, and P, were used to de-
note the beginning and the end sequences of all
DNA strands representing all possible solutions,
and used as primer pair to PCR for amplifying
DNA strands. ‘Linker’ sequences, denoted as L;,
j=1,2,3,4, are between any two variable se-
quences. Their first part represents the value of
variable 7 and their second part representes the
value of variable i +1. The combination of L; is
showed in Table 2. For example if L, is between x;
and x;,.,, the DNA sequence could be like
2'L,x}.,. These ‘linker’ sequences contain not
only the position information but also the informa-
tion of variables.

Table 2 Combination of L;

Linker
0 1
0 Ly L,
1 Ls L,

Note: The letters in column 1 (left) represent the value of variable

i and the letters in row 1 (above) represent the value of vari-

able i+4-1.

To get these 6 sequences (Table 3), a simple
program was designed according to several con-

straints.
Table 3 DNA Sequences for L;
Linker DNA sequences
L, 5'-AAACTTCCTTCACCC-3'
L 5'-CTCACACTTCTCCTA-3'
Ls 5'-CTAAACATCCCCTAC-3'
L, 5'-TCACTCAACACTCAC-3'
P, 5'-CAACCATCTCTACTC-3'
P, 5'-ACCCCTTCTATCACA-3'

(1) Each DNA sequence is 15 base long only
containing A’s, T’s and C’s.

(2) Each DNA sequence has no occurrence of
5 or more consecutive identical bases.

(3) Every sequence has 7 or 8 or 9 Cs.

(4) The length of unique overlapping subse-
quences is not more than 5 bases.

(5) The Hamming distance of every sequence
is more than 7.

Once these 6 sequences are confirmed, they
could be used for other 0-1 programming problems
with n variables.

3.3 Construction for All Possible Solutions

The alternative array of z; and L; could con-
struct all the DNA strands representing all possible
solutions. The set of all DNA strands is

S={Pyx Lz, L a,Pysj=1.2.3.4}.
Where x; is arrayed alphabetically, but the position
of L; on a DNA strand is not stochastic. It must be
corresponding with the values of variable closed.
For example, x/L,x!.; could be synthesized, but
2L, 2}, must be avoided. So the method to syn-
thesize the DNA strands of S is important.

DNA strands representing all possible solu-
tions is synthesized alphabetically according to var-
iables, and each DNA strand includes 3 sequences
of restriction endonucleases site, 2 linker se-
quences, and P,,P,. The length of restriction en-
donuclease sequence is 6 base pairs (bp), and other
15bp. Therefore, DNA
strands have 78bp. The primer pair (P,, P,) is
used to amplify the DNA strands (data pool).

3.4 Delete Unfeasible Solutions
In the paper, restriction endonucleases were

sequences are every

used to digest the DNA strands representing unfeasi-
ble solutions according to the constraints (Fig. 1).
For the first constraint 1, x+2<C1, means the val-
ues variable x and z could not be 1 simultaneous.
To implement this constraint, the data pool was
divided into two test tube: T, and T,. In the tube
T, , the restriction endonucleases Aatll was added
to delete the sequences with ', and the restriction
endonucleases Bsp14071 was used to delete the se-
quences with 2'. Then this two tubes were mixed
into a new tube T, and the DNA strands with x'z'
simultaneous should be cut.

For the constraint 2, x+ y+ 2>>2, and con-
straint 3, y + 2 << 1, the computational process
would be done in the same way. Notice that, to
delete 2°y°2", 3 tubes should be used. The specific
operation has an analogy to the reference [14].

After digestion reaction, the product was used
to PCR to read out the feasible solutions, and only
the DNA strand with x'y'2° could be preserved.
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Fig. 1 Deletion of unfeasible solutions

3.5 Detect and Read Out the Feasible Solutions by
PCR

To readout the feasible solutions, (P, L;)
was used as primer pares for PCR to read out the
feasible solution. We define: & denotes that there
is no product after PCR. F; means that some DNA
fragments are produced after PCR, and the primer
used for this product is L; after variable ;.

The products of PCR could be DNA ladder in
the gel. According to the length of these frag-
ments, the position of L; could be judged, and the
values of the variables connecting with L; could al-
so be determined. The reaction numbers of PCR
were only 4 times for any problem with n variable.

In the paper, two DNA fragment could be get
in the gel, and the shorter is 36 bp, the longer is
57bp. For 36bp, L; is after variable x, and for
57bp, L, is after variable y. The products are list
in Table 4.

Table 4 Detection of the Satisfied Solutions

Primer pairs  Products of PCR  DNA sequences without linkers

(Py,L1> %)
(P1,Ly) %)
(P, .L3) 57bp F, ylg0
(P1,Ly) 36 bp F, Zly!

It is easy to know that two DNA fragment
(y'2°,2'y') has same portion (y'), so these two
sequences could be connected to form a'y'z’,
which is the feasible solution for the problem. This
procedure of detecting solutions is somewhat like
sequencing procedure.

4 Discussion

DNA computing is large-scale parallel calcula-
tion with enormous information storage. The most
difficult problem to obstruct the development of
DNA computing is the encoding problem. To get
adequate DNA sequences, some constraints should
be neglected, which could decrease the reliability
of the experiment.

In the paper two groups of codes were used for
digestion reaction and PCR, and the reaction time
was less than other DNA algorithm. Especially the

PCR was only four times for any 0-1 programming
problems with n variables. Compared with other
methods of DNA algorithm, fewer biological ex-
periments could be done and the calculation error
could be less too.

After PCR, DNA ladder fragments could be
obtained. Using these fragments, the products
could be connected to DNA strands, which repre-
sent the feasible solutions. Briefly, the procedure
of detecting solutions is somewhat like sequencing
procedure. With digestion reaction manipulator
and microflux control applied, roboticized opera-
tion of DNA computing could be realized. But, 2n
restriction endonucleases should be used for a
problem with n variables. How to reduce the num-
ber of endonucleases is still a problem.
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