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INTRODUCTION

Let I be a finite set and [I|=n, a cell is the element of
| and it denoted by i€l. i = i,..., iy, i is often multi-index.
A non-negative integer x,eN = {1, 2,..} denoted a
frequency of the cell i. A contingency table is a set of
frequencies and stated as x = {x;};,, with an suitable
arrangement of the cell, considered a contingency table
X = {x;}ic€N as a n-dimansional column vector of
non-negative integers. The contingency table can be
treated as a function from I to N defined as i-x;. Denoted
7 be the set of integer numbers, also denoted the
a,eZ", j=1,.., v as fixed vectors consisting of integers.
A v-dimantional column vector t=(t, ...t,)eZ" ast =
a’'x, j =1, .., v. Here, denotes a transpose of the
matrix or vector. Also, define vxp matrix A with its j-row
being a’; given by:

And if t= Ax s a v-dimensional column vector, we define
the set, T={t:t=AxxeN"}=AN"cz' where denoted N
is a set of natural numbers. The set of x's for t, A= [t] =
{xeN": Ax =t} (t-fibers) is treat for result similar tests.
A set of t-fibers deigns a taking apart of N". An important
noting is that t-fiber depend on given out of its kernel ker
(A). In fact, defined x,~X,~X;~X, € ker (A). With oneself
kernel for different A's, the set of t-fibersare the same
(Aoki and Takemura, 20033, b).

Diaconis and Sturmfels publication in 1998 found a
new path in the rapid-advancing field of computational
algebraic statistics (Diaconis et al., 1998; Russell, 2001).
In 2000, M. Dyer and C. Greenhill, found a
polynomial-time compute and sampling of contingency
tables (Diaconis and Sturmfels, 1998). Dobra 2003
showed that the only moves have to be inclusive in a

Markov basis that connects all contingency tables with
fixed marginals (Dobra, 2003). Dobra and Sullivant
(2002), described an algorithm for generate a Markov
basis of multi-way tables that links all tables with fixed
marginal totals (Aoki and Takemura, 2003) proved that
there exist a unige minimal basis for 3x3xK contingency
tables consisting of four types of indispensable moves
(Sullivant, 2005) and in the same year S. Aoki and A.
Takemura presented a list of moves of 3x4xK and 4x4xK
contingency tables with fixed dimensional marginals
Aoki and Takemura (2003a, b), also Takemura and
Aoki (2003) given some description of a minimal Markov
basis for connected Markov chain and given a sufficient
and necessary condition for uniqueness of a minimal
Markov basis (Takemura and Aoki, 2004). Takemura and
Aoki (2005) studied the Markov basis for sampling from
discret sample space which is equipped with som convent
metric and they started from two state in the sample
space.

In this study, we give a new algorithm to find the
Markov basis and toric ideals for (25n°-69n?+44n)x3xn
contingency tables with it have a fixed dimensional
marginals.

Some basic concepts: In this section, we review some
basic definitions and notations of contingency tables,
moves, Markov basis and toric ideals that, we need in our
work.

Definition 1: Let A:Z"—z* be a linear transformation,
the Toric ideal 1, is the ideal <P"-P":u, veN", A (u) = A
(V)>cK [P, .., P,] where P' = PP, . P*®
(Sullivant et al., 2012)).

Definition 2: A move is a n-dimensional vector of integer
numbers z={z},¢z" and if it is in the kernel of A

(i.e., Az = 0) (Aoki and Takemura, 2003a, b).
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Definition 3: Let BcM, be the set of moves and let
X, X,€ A~ [t]. Say that x, accessible from x, by B if there
exists amoves z,,..., zeB and g, {1, -1},s =1, ..., Ssuch
that x, = X1+Z;85 (Takemura and Aoki, 2004)

X+Z€Z e A™Mt] forl<s<sS
Now, we give some concepts about graph theory that
we use later.

Definition 4: Let G = (V, E) be A graph then it consists
of two sets:

* V(G), the vertices setof a graph G, predominantly
denoted by V which is a nonempty set of elements
and

* E(G), the edges set of a graph G, predominantly
denoted by E such that every edge e in the edges set
is assigned of vertices [u, v] (Clark and Holton,
1995)

Definition 5: A connected graph G = (V, E) is a graph
where every pair of distinct vertices u, veV (G) the graph
G has a u, v-path. Otherwise, we say the graph is
disconnected (Agnarsson and Greenlaw, 2007).

Definition 6: A graph G is bipartite graph if there are
X, YcV (G) meeting the following conditions:
(Agnarsson and Greenlaw, 2007):

« V(G)=XUY
e XnY=¢
e G[X]and G[Y]

Are both null graphs where G [X] and G [Y] are sub
graph of the graph G induced by the set of vertices
X, YcV (G), respectively.

Theorem 1: For a graph G is bipartite if and only if every
cycle in the graph has an even length (Agnarsson and
Greenlaw, 2007).

Definition 7: Let A:Z"—7Z" a linear transformation
tez'and A~ [t] be the set of t-fibers and let B<ker, (A),
then we define A~ [t]; be the graph with vertex set
A7t [t] and u--v an edge if and only if u-ve+B
(Sullivant et al., 2012).

Definition 8: Let A~ [t] = {xeN™Ax = t}. A set of a
finite moves B is called a Markov basis if A™ [t]
constitutes one B equivalence class for all t
(Takemura and Aoki, 2004).

Definition 9: If Bcker, (A) is a nonempty set such that
A~'[t]; is a connected for all t, then B is Markov basis for
A (Sullivant et al., 2012).

Definition 10: Let BcM, be the set of moves and let
X, X,€ A7 [t]. Say that x, accessible from x, by B if there
exists sequence of a moves z,,...,, Z,eB and g€ {-1, 1},
m=1, ..., D such that (Takemura and Aoki, 2004).

x+Zsz eA[t] fori<h<D

Theorem 2: A collection of binomials {p**-p*:zeB}<l,
is generating set of toric ideal 1, if and only if +B is a
Markov basis for A (Diaconis and Sturmfels, 1998).

Genomics and phylogenetics (Aoki and Takemura,
2008): Deoxyribonucleic Acidulous (DNA) moleculesare
noticeiota encoding the heritable blueprint used in the
further and working of all familiar living and many
viruses. Forever with proteins and RNA, DNA is one of
the three essential macromolecules that are fundamental
for all known life forms. Genetic indication is
cryptographic as a sequence of nucleotides (cytosine,
guanine, thymine and adenine) using the letters C, G, T,
A and most DNA molecules are double-cutspiral,
consisting of two polymers of hucleotides, molecules with
fundamental made of alternate sugars and phosphate
groups with the nucleobases (C, G, T, A) linked to
the sugars. DNA is suited for biological input storage

(Fig. 1).

Main results: Let n be a natural number and let
xjeA7Yt], j =1, ..., k be the representative elements of
the set of 3xn contingency tables and B = {z,, z,, ..., .}
such that each z,,, m=1, 2, ..., k is a matrix of dimension
3xn either has two non-zero columns and the other
columns are zero denoted by 2z, or it has treenon-zero
columns and the other columns are zero denoted by 3z,

like:
1 -10][-2 2 0][1 -1 0
-1 1 0|0 0 0|1 0 -1
0 0 0|2 —20]|-2 1 1

Also, we write the elements of B as one dimensional
column vectoras follows:

=0, 1-1, 2 or-2,
n then:

Zn=(24, . 25)' mM=1, .., kand z
s=1,2, .. 3nsuchthat. Ifs=1, 2, ...,
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Fig. 1: Four DNA bases shown with complementary
bases paired

1
2
z,=4 0
-1
-2
If s=n+1, n+2, ...,
1
2
z,=40
-1
-2

If s=2n+1, 2n+2,

ifz,,, +2,., =-land Z;"izi =-1
ifz,,, +2,,, =-2and Z:"izi =-2
ifz,, +2., =0and Z:"izi =0
ifz,,, +z,., =1 and Z:"izi =1
ifz,,, +2,, =2 and z:"igzi =2
@)
2n then:

. 2n
ifz +z,. =-land ) i_puz, =-1
s-n s+n z:g;\ﬂ i
. 2|
if z,,+2,, =-2and) az, = -2
1#S

. 2n
if z., +z,,=0 and Ztgﬁzi =0

. 2
ifz,,+2,, =1 andy .z, =1
1#5

ifz,, +2,, =2andY .z, =2
..., 3n, then:

- 3n
ifz,, +2,, =-1and) iipaz,=-1
1#s
- 3n
ifz,, +2,, =—2and Y iZpnaz, =2
1#s
ifz

s-n

3n
+2,,,=0 and ) i2yaz, =0
1#s
. 3n
ifz,, +2,, =1and ) ipnaz =1
1#S

- 3n
if Zo g tZin= 2 and Zi:2n+lzi =2
is

@)

©)

Theorem 3: The number of elements in B equal to
25n®-66n%+41n.

Proof: Since, there are three rows and n columns in 2z,
such that it has two columns (1, -1, 0)', (-1, 1, 0)' or (2, -2,
0), (-2,2,0) or (1,0, -1), (-1,0, 1) or (2, 0, -2)', (-2, O,
2)'or(0,1,-1),(0,-1,1) or (0, 1,-1), (0,-2, 2)' or (2, -1,
-1),(-2,1,1)'or (-1, 2,-1)", (1,-2,1)'or (-1, -1, 2)", (1, 1,
-2)") and the other columns are zero, then the number
of elements 2z,,inBis 9%(n)!/(n-2)!=9n (n-1) = 9n*-9n

but 3z, has three columns (2, -2, 0)', (-1, 1, 0)', (-1,1, O)'
or(-2,2,0),(1,-1,0),(1,-1,0)' or (2,0,-2), (-1, 0, 1),
(-1,0, 1) or(-2,0,2), (1,0,-1), (1,0,-1) or (0, 2, -2),
0,-1,1),(0,-1,1)or(0,-2,2),(0,1,-1),(0,1,-1) or
(2,-2,0),(0,2,-2),(2,0,-2)'or (-2, 2,0)', (0,- 2, 2)", (-2,
0,2)'or(2,-1,-1)' and (-1, 2, -1)", (-1, -1, 2)' or (-1, 1, 0)',
(-1,0,1)' or (-2,2,0), (0,-1,1) or (-2,0, 2)', (0, 1, -1) or
(-2,1,1)'and (1,-2,1), (1, 1,-2) or (1,-1,0), (1,0, -1)
or(2,0,-2), (0,-1, 1) or (2,0, -2), (0, -1, 1) or (-1, 2,
-1)'and (0, -1, 1), (1, -1, 0)' or (2, -2, 0)', (-1, 0, 1) or (O,
-2,2),(-1,0,1) or(1,-2,1) and (0, 1, -1), (-1, 1, 0)' or
(-2,2,0),(1,0,-1)'or (0, 2,-2), (1,0, -1) or (-1, -1, 2)'
and (0, 1, -1)', (1, 0, -1)' or (2, 0, -2)', (-1, 1, 0)" or (0, 2,
-2)',(1,-1,0) or (1, 1,-2)"and (0, 1, -1)', (1, 0, -1)" or (O,
-2,2), (-1, 1, 0) or (-2, 0, 2)', (1, -1, 0)" and the other
columns are zero, then the number of elements 3z, in B

PYS (n)!
2in-3) 2 (n_3)

+22n(n-1)(n-2)=25n - 75n* +50n

!:3n(n -1)(n-2)

are an element in B forall m=1, 2, ..., k, since, each
element in B is either 2z, or 3z, then the numbers of
elements in B is:

9n2-9n+25n3-75n%+50n = 25n%-66n%+41n O]

Now, will show all elements in B are

moves.

we

Remark 1: Given a contingency table, the entry of the
matrix A in the column indexed by x = {X;, X, ..., X,} and
row:

n 2n 3n
Zizlx"Zi:mlx"Zi:ZnAX'Xl T X T Xonnr Xy

+Xn+2 + X2n+2

will be equal to one if x; a pears in the (Z?lei)and it will
zero otherwise. Then:
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11 11 00 0 00O 00

00 coo0o11-.-1100 .- 00

00 0 00 0 - 06001111

10 0 010 0010 0 0
A=0 1 0 0 01 0001 00

00 010 O 0100 - 01

L J(n+3)x3n

Theorem 4: B = {z,, ..., Z (25, g0 +a1n} IS @ SEL Of MoOVeS.

Proof: Let z,,eB. To show z, is a move.

By remark 3:
11 110 0 0000 0 0]
00001 1 .- 1100 - 00
00000 0 001111
10001 00010 --00
A=l01 -~ 000 1 --0001- 00

060100 - 01

L J(n+3)x3n

We must show that:

11 110 0 00O0O 00
00 coo01 1. 1100 00
00 000 O0°- 0011 .11
10 coo01 0+ 001000
01 coo0o0 1-0001-00

0100 - 01

L J(n+3)x3n

Z, 0
zZ, 0
Z, 0
Z, 0
_ZSH 3nx1 0 (n+3)x1

From 1, 2 and 3 we get:

. 3 3
If |:1:>Zj:1aljz. "7 =0

i Lujati
. 3n 2n
If i=2> ijiazjzj = ijmzj -0
- 3n 3n
If i=3= Zj:1a3j i Zj:2n+1zj =0

If i=4,.., n+332?:1a..z. =Z,+2,,+2,,,=0,Vi,V]

ii“j 2n+j

Then Az, is equal to:

11 110 0 00O0O0O-- 00
00 06001 1 - 1100 00
00 000 O - 001111
10 o601 0001000
01 o600 1000100

J(n+3)x3n

3 0
z, 0
Z, 0
z,| |0
M :
_Z" 3nx1 _o_(n+3)><1

Implies that, BckerA. Then B is a set of moves
(by definition 3).01

Remark 2: Now, we find the elements x.cA~' [t],
i=1, .., (25n%66n*+41n) by using the elements of the
set = {Z,, ..., Zgsn gon +an} » LEL Z,, be an element of B
suchthat z,,= X, -X,,.,, M=1, 2, ..., (25n3-66n+41n)-1 and
2(25n3-66n2+41n) = XO'X(25n3-69n2+44n)-1 where xeA™ [t],i=0, 1,
...y (25n%-66n%+41n)-1.

Corollary 1: The set B of a moves in theorem 4 is a
Markov basis.

Proof: From definition 2, for all x;, x€A™, then
X X=X xjcker (A) Let t = Ax for same teN", letx;
x€A[t]. By Remark 4, we get:

Xi+Z;,, =X

i+l
Xinn¥Zisz = Xiip
XJ'1+Zi = XJ

Implies that:

j
X+ D7, =X
k=i+1

_ N
=X;-% =, ..z and

z,€Ker (A)

For all z,.eB

i
= Yz, eKer(A)=x; - X, eKer (A) forall x;, x; e A™[t]

k=i+1

=x;~x; for all x;, ;e A™[t]

—A~'[t] constitutes one B equivalence class for all t.
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=By definition 8, the set B is a Markov basis. Now,
we will find thetoric ideals that corresponding Markov
basis for (25n3-66n%+41n)x3xn contingency tables.

Corollary 2: Let B is a Markov basis for A, the
toric ideal 1, for (25n3-66n2+41n)><3><n contingency
tables is: IA = <|:’|+||:’J+r PJ+|PI+T’ P|+I PJ+rPJ+S PJ+|2PI+I'PI+55
P|+|2pj+r Pk+r |+r {rlpkw I+|2PJ+I' pk+s PJ+I p|+rp|+spk+r’ P|+| PJ+r
Pk+s 'P|+r PJ+S I:)I<+I I:)|+I Pj+|’ Pk+s I:)|+&‘.l:)|+r|:)1+$|:)1+ll:)l<+rpk+ll I:)|+I
PitPissPisPissPisPiss 1, k=1,2, ...,nand I, s, r =0, n,
2n, such that i=j=k and l#s#r>cC [Pl, P,, ..., P3l

Proof: Since, B is a Markov basis for A, by theorem 2
the set of binomials {p**-p*:zeB} is a generating of toric
ideal 1, and since, z,eB, m =1, 2, ..., k is a matrix of
dimension 3xn and either it has two columns: (1, -1, 0),
(-1,1,0)'or (2,-2,0)', (-2,2,0)' or (1, 0,-1)', (-1, 0, 1)' or
(2,0,-2), (-2,0,2) or (0, 1,-1), (0,-1, 1) or (0, 1, -1},
0,-2,2)or(2,-1,-1), (-2,1,1)' or (-1, 2, -1)', (1, -2, 1)’
or (-1, -1, 2)', (1, 1, -2)" and the other columns are zero,
or it has three columns: (2, -2, 0)', (-1, 1, 0)', (-1, 1, 0)' or
(-2,2,0),(1,-1,0),(2,-1,0) or (2,0,-2), (-1,0, 1)', (-1,
0,1)'or(-2,0,2),(1,0,-1),(1,0,-1) or (0, 2,-2)", (0, -1,
1), (0,-1,1) or (0,-2,2)', (0, 1,-1),, (0, 1, -1) or (2, -2,
0),(0,2,-2), (2,0,-2)'or (-2, 2,0)", (0,- 2, 2)", (-2, 0, 2)'
or(2,-1,-1) and (-1, 2, -1)', (-1, -1, 2)' or (-1, 1, 0)', (-1,
0,1)'or(-2,2,0),(0,-1,1) or (-2, 0, 2)", (0, 1, -1)" or (-2,
1,1)and (1,-2,1),(1,1,-2)or(1,-1,0),(1,0,-1) or

(2,0,-2),(0,-1,1)or(2,0,-2),(0,-1,1) or (-1, 2, -1)'
and (0, -1, 1), (1,-1,0) or (2, -2, 0)', (-1, 0, 1)' or (O, -2,
2),(-1,0,1)or(1,-2,1)and (0, 1, -1)", (-1, 1, 0)' or (-2,
2,0),(1,0,-1)or(0,2,-2),(1,0,-1) or (-1, -1, 2)'and
0,1,-1),(1,0,-1)or(2,0,-2), (-1, 1,0) or (0, 2, -2)',
(1,-1,0) or (1, 1,-2) and (0, 1, -1), (1, O, -1)" or (O, -2,
2), (-1, 1, 0)' or (-2, 0, 2)", (1, -1, 0)' and the other
columns are zero. Implies that the toric ideal is the ideal:

IA = <PI+|PJ+I' Pj+|PI+|" I:)|+I PJ+rPJ+s Pj+| PI+I'PI+S’ P|+I2P1+r
Pk+r I:)H-r PJ+|P|(+|’ I:)|+I PJ+I’ Pk+s PJ+| P|+rP|+st+r: P|+|2PJ+I’

Pk+sz P|+r PJ+52Pk+I2! P|+|2|:’J+r2Pk+s2 PI+SPI+rPJ+SPJ+|Pk+rPk+|l P|+|

PitPissPisiPissPisiPias 1, k=1,2, ..., nand I, s, r =0, n,

2n, such that, i#j#k and I#s#r>cC [Pl, Py ooey Paol.

Example 1: For n = 2, there are 18 moves in a Markov
basis according to theorem 3 for 3x2 contingency table,

then:
1 -1 1 -1 0 0 -1 1 -1 1 0 O
IR
0 0f||-1 1||-1 1||0 of|1 -1||1 -1
2 2172 =2][0 o07[-2 27[-2 270 o
0 0|2 2||-2 2|0 of|2 -2|]|2 -2
2 211 17[-1 1][-2 271 -1][1 -1
-1 1|2 =2,|-1 1|1 -1|,|—=2 2|1 1
-1 1 -1 1 2 2 1 -1 1 -1|(-2 2

XoXoX g Xosfigorteain sXosren? a2

X, XsXs. Kosisortean s Xosromann™L

Fig. 2: Graph G = (R, W, B) = A™'[t]; where the
contingency tables explicated as vertices and
connecting moves are explicated as edges of a
graph, R = {Xo: Xz! oy Xeasn oon samny2) @nd W =
{X0 Xy oy Xsn 660 +a1n1)

By corollary 2 the toric ideal of 3x2 contingency table:
la = <PiiPiPinPise Pi+I2Pj+er+s'Pj+I2pi+rPi+s: i, j, =12,
.onand |l s r =20 n, 2n such that, i j and
I#s#r>cC[P,, P,, P, P,, Ps, Pgl.

Remark 3: We can find the toric idea by use corollary 2
for (25n3-66n+41n)x3xn contingency tables without find
a Markov basis.

Remark 4: Now, we constructed a connected graph by
use the elements of B. Let z, be an element of B
suchthatz, = X,-X,.;, M =1, 2, ..., (25n3-66n*+41n)x3xn
be an edge connected X, and Xy, ... aNd Z(y55 661" +41n) =
XO'X(25n3-66n2+41n)-1 be an edge connect x, and X(25n3-66n2+4ln)-11
where, x,cA7'[t], i =0, 2, ..., (25n%-66n?+41n)-1. Then
we can connected all (25n3-66n?+41n)x3xn contingency
tables with fixed two dimensional marginals by used
(25n3-66n%+41n) edges by applying moves from B to X,
one by one and go from X, t0 X5, gen’+a1nys Without give
rise to negative cell frequencies on the path, also from
Xsna-eenz+a1n)1 10 Xo OF this Kind by forming undirected
graph as shown in Fig. 2.

Theorem 5: The graph G = (R, W, B) is a connected
bipartite graph (up to graph isomorphism).

Proof: To prove G = (R, W, B) is a connected graph. Let:

X, X,€AT[t]

if, 0<i<j<25n%-66n%+41n-1, i#j, by Remark 6, there
exists a path <X, Ziq, Xi1, Zispr oo Xjo 5 X> and if
0<j<i<25n3-66n°+41n-1, i#j by Remark 6, there exists a
path <X, Zj.1, Xju1s Zjsas --or Xias Zip %>, IN addition, that
implies there exists a path between every pair of distinct
vertices X;, xJeA‘l[t] of the graph by (definition 5), G is a
connected graph.

Now, we prove the graph G = (R, W, B) is a bipartite
graph. Let X;, X1, «.., X1, X;, Xj1 = X; be acycle in G.

Suppose xieR Then x,,,eW, since, the edge
Zia = Xi1-X€B, implies that x;,,€R, since, the edge
Zi.» = XX, €B. Continuing in this way, we see that if k
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is odd, then x,eW and if k iseven then x,cR. Since,
X1 = X€R, it implies that j+1 is even and thus the cycle
is of even length. By theorem 1, then the graph

G = (R, W, B) is a bipartite graph.

Corollary 3: The set B of moves in theorem 4 is a
Markov basis.

Proof: Let Bcker, (A) be a finite set of moves. From
theorem 5 the graph A~'[t]; is a connected graph. By
definition 9 B is a Markov basis for A.

A new module of genetic algorithm of nucleotides in
DNA Sequences: In this section, we use an algorithm to
make a new model of genetic algorithm of the pieces of
Nucleotides in these quences of aligned DNA. Now, we
will describe the model in a following steps:

Step 1: Suppose, we have DNA sequences of m taxons,
each taxon of length L like:

e Taxonl: ATCGA ACGGTATGT--
e« Taxon2: AGATCAGAAC CGAT -

«  Taxonm: GCGTAGCGTGGCAC

Then, defined a pattern i =i, iy, ..., i,, to be the
sequence of characters. We will look at a single site
(column) of our sequence data. In the sequences above,
we look at the first site in the sequences and we will see
the pattern “AC ... G”. A pattern frequency x; is that i
appears in our set of sequence data and we refer to the
number of frequencies by 3n where n = 2> =2,

Step 2: We can input the patterns frequency x; of above
sequences in 3xn:

X, X, X, g X
i=1
Xosa Xosz Xon 2n
2%
i=n+l
Xonst Xonsz “ee Xan 3n
2%
i=2n+1
X+ X o X+ X2t Xone X+ XontXs, |X| :Z X;
i€l

contingency tables as follows:

where |x|=>x, =Lis the length of sequences (the sample
size) and: i«

X, : Frequency of the first pattern
X, : Frequency of the second pattern

X, . Frequency of the n pattern
Xn.1 . Frequency of the n+1 pattern
X, - Frequency of the n+2 pattern

X3, : Frequency of the 3n pattern

Step 3: From remark 3, A is (n+3)x3n matrix and:

11 110 0 0000 00
coo0.-001 1. 1100+ 00
coo0.-000 O0O- 0O0O11-- 11
$T0--001 0+ 0010 00
A=01 --~-00O0 1 - 0001 00

-0100 - 01

L J(n+3)x3n

where, AX =t is written as:

171110 0..0000 - 00
00001 1 .- 1100 - 00

00000 O 001111 :1 :1
10001 0001000 X2 tz
01000 1000100 3=t3

oo oF

3n n+3

Jin+ayxan

where the columns of the matrix A index by the elements
of the column vector x.

Step 4: Find the Markov basis by use Corollary 1,
therefore, the set is written as:

Z

Z,

ZH

+1

Zyz

Zo

ZZr\*Z

0

0

0

o IN [N IN

o|o|o|o

where z,=0,1,2,-10r-2,5s=1,2,..,3nasin Eq. 1, 2,
and 3.

Step 5: Find the toric ideal by use Corollary 2.

Step 6: Find (25n°-66n°+41n)x3xn contingency tables
where A~'[t], connected for all t by use the Markov basis.

Step 7: Using the contingency tables to describe
apermutation of the pieces of nucleotides in aligned DNA
sequences to (25n3-66n°+41n)x3xn contingency tables.

Example 2: Suppose we have three sequences of
analigned DNA as followed:

e Taxon 1: CGATGCCCGATTTGGGC
e Taxon 2: AC TCGTAAC TCCCGGGT
¢ Taxon 3: ACA GACAACA GGGAAAC

Step 1: There are three taxons for above DNA sequences
with |x|=>x;=L=16 and six patterns CA A, G CC,
ATA, TC G, GGA, CTC, CA A, CA A G CC, TTA,
TCG, TC G, TC G, GGA, GGA and GGA with
frequencies 3, 2, 2, 4, 4 and 1, respectively where, 3n = 6.
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Step 2: Now, input the patterns frequency x; of above 11 e 1]
sequences in 3x2 contingency table as follows: 2= oo 2= 202 =11
3 2 5 1)1 1)1 2|2
2 4 6
4 1 5
. - o 2|2 2|2 1 (-1
. . Z:=1 0|0 z=|1]1 z=|0|0
Step 3: A is 5x6 matrix and:
2|2 11-1 1(1
110000 o1 oo e
001100 7= | -1]1 2= |-2|2 2=10]0
A=/0 0 0 0 11 and
111 21-2 2(-2
101010
01010 1l Step 5: We find the toric ideal 1, = <P ,P..- PoPis, Piu?
_ PiPisPiPiPisss 1,1, = 1,2, ., nand I, s, r=0,n, 2n,
Ax =t i.e: such that i#j and | #s # r> = <P,P,-P,P,, P,P-P,P,
P,P,-P,Ps, P,?P,P.-P,°P,P,, P,P,?P,-P,P,?P,,
r3] P,P,P*-P,P,P.>>cC [P,, P,, Ps, P,, Ps, P;] and by using
110000 1, corollary 2.
001100 )
0000T101 Step 6; T§1e connected graph A7'[t]; = G = (R, W, B)
4 L NT=3n . .
101010 A with 3 =18 (t-fibres) 3x2 contingency tables as
01010 1 15q vertices of it (Fig. 3).
Where:
tl
5 t 3|2|5 s[o[s 4]1]5
=16 =1t _|2]4]s6 oles |1s[e
XO_ |X1_ 1X2_
5 t, 4]1[5 4[1]5 4|1]5
8 ts 5 9|7]16 97|16 9(7|16
7
- 411[5 5|0(5 5/0|5
. . 2(4|6 11516 3|3] 6
Where, the columns of the matrix A index by the elements %= 31205 XEETTe|l % [1lals
of the column vector x and: 9716 al7 18 o715
=X+, =5, = XtX, =4, t; = X+X, = 6 411]5 32| s 1|45
t = XXX, = 7, 65 = XX, +X, = 8 5[11]6 4(2]6 6/0]6
X= » X = » Xg=
0[5]5 2(3|s 2|3|5
Step 4: We find the Markov basis from Eg. 1, 2 and 3. 9|7|16 9[7|16 9]7]16
Then the number of moves is 25n%-66n*+41n = 18 TaTe e
elements in the set: 01515
R _Is]|1| 8 _|3]3] 8
““13]2]s TR T [5[ols
2 (-2 11 010 9|7]16 97|16 9|7|16
Z= 7= 1 2=
2|2 1 1]-1 11-1
0fo0 ofo 1{1 213]5 4115 213|5
4(2]6 4]2] 6 5(1]6
1 1 0|0 111 X,= 3(215 » Xz 1]al s » Xy= 2[3] 5
z= |11 2= [2]-2 z=[2]72 97|16 97|16 9(7|16
0]o 2|2 111
5 To 3[2]5 5|0(5 5|0f 5
1)1 2| 2 5(1]6 4]2]6 2|4] 6
Z=101]0 2= 21-2 VZ= [ -1(1 Xis= 11a4l5 » Xig olsls Xy= 2135
2 |-2 o]0 1]-1 97|16 9|7(16 9(7]16
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Fig. 3: Graph G = (R, W, B) = A~ [t]y where the
contingency tables explicated as vertices and
connecting Markov basis are explicatedas edges
Of a graphv R= {Xov X2! X4v XG! st Xlov X121 X14, XlG}
and W = {Xll X3' XS’ X7’ X91 Xll’ Xl3’ X15! X17}

Step 7: The change in the kind of DNA sequences under
the Markov basis. Be as Fig. 2, where:

The permutation of thepieces of nucleotides inaligned
DNA sequences under the set of Markov basis in
example 3.

Remark 5:

e Wereferto ®, @, @, @, ® and ® in Step 7 to the
frequencies of the patterns in DNA sequences

e Wereferto in the same figure to the hidden in the
pattern frequency of DNA sequences

CONCLUSION

Dissection: In this study, we introduce a new model to
change the pieces of nucleotides in aligned DNA
sequences by using Markov basis and we shows that for
Given A and t, there exists finite Bcker,(A) such that
A~'[t]; is constitutes one B equivalence class.
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