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A DNA sequence can be identified with a word over the alphabet W = {A, C, G, T}. He and Wang presented an
algebraic method for analyzing the DNA sequences. We discuss in this paper the model of Randi¢, Vrac¢ko, Nandy and

Basak to extend some results of He and Wang.

Keywords: DNA sequence, DNA sequence matrix

INTRODUCTION

The extremely long DNA molecule is actually
made of a long string of chemical building blocks
called “nucleotides.” There are four different
nucleotides, which are labeled: adenine (A),
thymine (T), guanine (G), and cytosine (C). A
DNA sequence is a succession of the letters A, C,
G, and T, representing these four nucleotide bases
of the DNA strand.

DNA computing is a form of computing which
uses DNA, biochemistry and molecular biology
instead of the traditional silicon-based computer
technologies. DNA computing is fundamentally
similar to the parallel computing in that it takes
advantage of many different molecules of the DNA
to try many different possibilities at once.
Generally, in DNA computing, the DNA sequences
used for the computation should be critically
designed in order to reduce error that could occur
during computation.

Since 2000, Randic’s research group had
proposed several visualization schemes for the
DNA sequences [1-8]. In one of his methods, the
four vertices, associated with a regular tetrahedron,
are assigned to four nucleotides. The mapping
between four nucleotides and the corresponding 3—
D coordinates is shown below:

(1-1,-1)—> A, (-1,1,-1)>G, (-1,-1,1) > C,
(1,1,1) > T.

For a positive integer n, the @, denotes the set of
all DNA sequences of length n and @ = Uy D
Suppose X = {A, C, G, T}, w = X1Xz...X, IS @ DNA
sequence of length nand Li(w) = [{j | 1 <j <1 & x;
= L}, where L e X. Our other notations are
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standard and taken mainly from [9].

MAIN RESULTS AND DISCUSSION

He and Wang [10] considered the coordinates of
a graphical representation of the DNA sequence,
introduced by Zhang [11]. They presented an action
of the symmetric group S; on Z-curves and the
DNA matrices, and proved that the information
entropy is invariant under the action of S,. In this
section, we consider another model, presented by
Randi¢ and his group [8], and extend the results
given by He and Wang, mentioned above. We
name the model, presented by Randic et al, RVNB
Model. We first consider the following matrix
equations:

A, 1 1 -1 -1
Gi|_if1,1]-1 1 -1 yf "
Ci| 41| 4|-1 -1 1 Z_'
T; 1 1 1 1)

By simplifying Eq. (1), one can see that:

K =2(T,+A) -1
Y, =2(T, +G) 1. )
2, =2(T. +C,)—i

For a DNA sequence w, we define its DNA
sequence matrix, I'T(w), to be defined as follows:

X X, e X
H(W) =Yy Y, Y,
Z, 7, . 1,
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Let M, denote the set of all DNA sequence
matrix and M = Up>1Mp,. Clearly, IT is defined as
a one-to-one correspondence between ® and M.
For every v e @, and w € ®D,, one can see that vw
€ Dm+ny Where vw is a DNA sequence, constructed
by v and w by juxtaposition. Suppose A € M, and
B € M. Define:

X‘i:Xi+XA
inYi"'yA 3
Z;=Zi+ZA

and A*B = (A,B), where (A,B") is defined by
concatenating matrix A and matrix B' is obtained
from B by applying Eqg. (3). Here (x;yiz) and
(xi",yi',zi") are the ith columns of the matrix B and B',
respectively, and (Xa,Ya,Za) is the end column of A.

We are now ready to extend Proposition 2.1 of
He and Wang [10] to Randic's et al. model [8].

Lemma 1. If v, w € @ then II(vw) =
TI(V)*TI(w).

Proof. Suppose |v| = ny, [w| = n,. Then [vw| = n;
+ n, and we have:

ay (i) B1(i)
(V) =| &, (i)  IH(w) =1 B2 (i) ,
i) ) B3 () Jen,

7, (1)

II(vw) =| 7, (i)

V3 (I) 1<i<n +n,

Ifi € [1,n,] then

v1(i) =2((Ai(v)+Ti(v)—i=ay(i) and if i =n; + k €
[n:+1,n3+n,] then

i) = 2(Tilvw) + Ai(vw)) — i = 2(Tne(V) +
An(v)) + 2(Ti(vw) + A(vw)) — Ny — k = Bi(i) +oa(n).
Therefore, we prove that:

A0 ie[Ln]
71('):{ . )
LK)+ (n) Te[n+Ln+n,]
In a similar way, one can prove:
i) = {Otz(i) i e[Ln;]
T2 1B, () +ap() ielng+Lng+ny]’
L fag(i) ie[lng]
B3O =16 0 +as(n) i e[ng+1ng+n,]
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This completes our proof.

He and Wang [10] also presented an action of
the symmetric group S, on the DNA sequences. We
now present new generators for this group,
compatible with the RVNB model. Clearly, S, =
<(GT), (AT), (CT)> Suppose O(3) denotes the
set of all 3 x 3 orthogonal matrices on real
numbers. Define:

00 -1

®GT)=| 0 1 0},

~10 0

0 0

DAT)=[0 0 -1|.

0 -1 0

0 -1 0
dCT)=[-1 0

0 01

Extend these wvalues to an injective
homomorphism @®: S;—0O(3). We now define an
action of the symmetric group S, on the set of all
DNA sequence matrices by A* = A®(a), where o
e S,and A e M.

Lemma 2. Suppose oo € Sy and P, Q € M.
Then:

IT a=all,
a(P*Q)=a(P)*a(Q).

Proof. (i) Since {(G T), (CT), (AT)}isa
generating set for S, it is enough to investigate
equation (i), for o = (G T), (C T) and (A T).
Suppose v € @,. Then:

Xj Z(Ti + Ai) —i
H(V)Z Vi |= 2(Ti+Gi)—i .
Z; Z(Ti + Ci ) —i
Since Ai+ Ti+ Gi+ C; =i, we have:
_Zi
Yi|=

i—2(T,+C))) (2(A +G,)-i)
=1 2T, +G,)—-i|=| 2T, +G,)—i

i-2(T, +A)) 2(C, +G,)—i

(G T)II(V) =



Xi
DA DI(V) =| -z, |=
—Yi
2T, +A)—i) (2T, +A)-i)
=i-2(T,+C,) [=] 2(G,; +A)) —i
i—-2(T,+G,) 2(C, +A,)-i
—Yi
O(T OII(V)=| —X,; |=
Z
i—-2(T, +G,) 2(C, +A,)—i
=11-2(T,+A,) |=|2(G, +C,)—i
2(T, +C,)—i 2(T, +G;)—i
Therefore,

2(o(Ti) + a(A)) -
O()II(V) =| 2(a(Tj) +a(Gj)) —1 |=TTa(V).
2(a(Tj) +a(Cy)) —i
To prove (ii), we assume that v, w € ® such that

I1(v) = P and TI(w) = Q. Since a(vw) = a(v) a(w),
IT a(vw) = I(a(v) a(w)) = H( a(v)) TI( a(w)) =

alI(v)* oI I(w) = a(P) * a(Q), which completes the
proof.
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Bbpxy ananuza va JIHK-cexBennumn
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Hcnamcka penyoruxa Hpan

[Mocremuna Ha 5 stuyapu, 2010 r.; npuera Ha 21 maii, 2010 r.

(Pesrome)

He u Wang ca npexacraBuim anredpuuen meron 3a ananu3 Ha JIHK-cexBenmuure. JJHK-cexBeHnmure morar na ce
unentuduumpar ¢ 6yksa ot narununara W = {A, C, G, T}. B Hacrosmara pabota ce 00CHKAa pa3BUTHETO HA MOJeNa
Ha Randi¢, Vracko, Nandy and Basak 3a pasiupsiBane Ha pesynrtature Ha He u Wang.
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