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Abstract—The huge amount of molecular data is available in online biological databases for analysis. This
data consist of information which can be used in the field of biomedical industry. One of the major issues is the
analysis of this data because the uncertainty in relationships among various fields of this data. There are
various algorithms existing for association rule mining but they are not fully capable of addressing the issues of
uncertainty in molecular data. Some uncertainty arises due to ignorance of the parameters because objects and
their patterns are dependent on the parameters. The degree of relationships among various amino acids present
in the molecular sequences depends on the parameters like length ranges and species. In this paper a soft set
approach has been proposed for mining amino acid associations in peptide sequences of Mycobacterium
tuberculosis complex (MTBC). The soft set has been employed to model the degree of relationships of amino
acids with the parameters like length ranges and species. The association rules are generated and used to
compute the secondary structures and physicochemical properties of peptide sequences of MTBC. The patterns
obtained can be used as signatures which will provide better insights of molecular processes of the disease.

Keywords—Association Rule; Confidence; Data Mining; Soft Set; Support.

Abbreviations—Bayesian Network (BN); Multidrug-Resistant Tuberculosis (MDR-TB); Mycobacterial
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20] and theory of rough sets [Pawlak, 21] which can be used
as mathematical tools for dealing with uncertainties. But all

I. INTRODUCTION

SSOCIATION RULE MINING is a popular method
Afor discovering interesting relations between

variables in large databases. It is intended to identify
strong rules discovered in databases using different measures
of interestingness [Piatetsky-Shapiro, 1]. Based on the
concept of strong rules, Agrawal et al., [2]introduced
association rules for discovering regularities between
products in large-scale transaction. Various algorithms are
reported in the literature [Panday & Pardasani, 3; 4; Khare et
al., 5; Patel et al., 6; Khare et al., 7; 8; Gautam & Pardasani,
9] for association rule mining. Some attempts are also
reported in literature of mining association rules in molecular
data [Gupta et al., 10; Kuo et al., 11; Wei & Chen, 12].
Various research workers have employed fuzzy set approach
for finding patterns in molecular sequences [Francisco et al.,
13; Kumari & Pardasani; 14; Shanker & Pardasani, 15; Jain
& Pardasani, 16]. Available algorithms for ARM have their
own advantages and limitations. There are theories, viz.
theory of probability, theory of fuzzy sets [Zadeh, 17], theory
of intuitionist fuzzy sets [Atanassov, 18], theory of vague set
[Gau & Buehrer, 19], theory of interval mathematics [Moore,
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these theories have their own limitations. Possibly the reason
of these limitations is the inadequacy of the parameterization
tool of these theories. To overcome these limitations
Molodtsov [22] introduced the concept of soft set as a new
mathematical tool for dealing with uncertainties. Herawan &
Mustafa [23] proposed soft set based algorithm for
association rule mining. From the literature survey it is
observed that no attempts are reported for mining soft set
based amino acid associations in the peptide sequences of
MTBC.

Mycobacterium tuberculosis complex is a cause for
chronic infection ‘tuberculosis (TB)’ which is the leading
cause of death from various infectious diseases. The M.
tuberculosis complex comprises [Cole, 24] six members: M.
tuberculosis, the causative agent in the vast majority of
human tuberculosis cases; Mycobacterium africanum, an
agent of human tuberculosis in sub-Saharan Africa;
Mycobacterium microti, the agent of tuberculosis in voles;
Mycobacterium bovis, which infects a very wide variety of
mammalian species including humans, and BCG (bacille
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Calmette—Guérin), an attenuated variant of M. bovis;
and Mycobacterium canettii, a smooth variant that is very
rarely encountered but causes human disease. Increasingly
MTBC has developed resistance towards the drugs that cure
TB. Globally in 2012, an estimated 450 000 people
developed multidrug-resistant TB (MDR-TB) and there were
an estimated 170 000 deaths from MDR-TB [25].

Aminian et al., [26] presented a novel Bayesian network
(BN) to classify strains of Mycobacterium tuberculosis
Complex (MTBC) into six major genetic lineages using
mycobacterial interspersed repetitive units (MIRUS), a high-
throughput biomarker. Brosch et al., [27] provided an
overview of the diversity and conservation of variable regions
in a broad range of tubercle bacilli. Shabbeer et al., [28]
developed TB-Lineage, an online tool for classification and
analysis of strains of Mycobacterium tuberculosis complex.

In this paper an attempt has been made to propose the
soft set model for mining amino acid associations in peptide
sequences of species of MTBC.

II. MATERIAL AND METHODS

The data of peptide sequences of all species of MTBC have
been taken from NCBI [29]. The dataset is filtered to obtain
non redundant dataset. This dataset of non redundant
sequences is used for mining amino acid association patterns.
Total 83086 non-redundant sequences are found which
comprises 6176 sequences of mycobacterium africanum,
8011 of mycobacterium bovis, and 5008 of mycobacterium
bovis BCG, 39649 of mycobacterium canettii, 28 of
mycobacterium microti and 24214 of mycobacterium
tuberculosis.

Let each sequence be denoted by transaction T where
TeD and D denote a database [Shanker & Pardasani, 15].

T={A;/Vi=1(1)20)V TE D 1)
Where A is the i amino acid.

Soft transaction is denoted by S. Let (F, E) be a soft set
over the universe U and X € E [Shanker & Pardasani, 15].

A soft transaction is defined as given below:

S={A,e)/Vi=1(1)20,ec X}V S€ 2

Where X is a set of parameters and represents
database of soft transactions and e is a parameter.

Association patterns denoted by P; represent the
associations of amino acids. It can be written as [Shanker &
Pardasani, 15]:

(P)= (AnVARU _Ar) r 1, =1(1)20 (i,j)=1(1)20
Fori=1P;= Ay =1(1) 20 3)
Fori=2P,=AUA, T =1(1) 20, r,=1(1) 20

Soft association pattern represents the associations of

amino acids with their parameter e which is represented as
(Pie) = ((ArVA A ), e) 1y # 13,1 =1(1)20, @
i=1(1) 20

We can define a set of parameters E with respect to
which the amino acids patterns can be explored in these
peptide sequences. In the present study we consider a set of
parameters as given below:

X ={LR, 5P} (5)
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Where LR denotes the Length Range of sequences and
SP denotes the species of MTBC sequences and SUS denotes
susceptibility of species. Here the length range LR is assumed
to be in three categories LOW, MEDIUM, HIGH. The length
ranges for these three categorical values is determined by the
following expression.

x=Max{Ljj =1 2.3....N} (6)
y=Min{Ljj=1 23..N} @
ALR=(x-y)/3 8)

With the help of expression (6), (7) and (8) length ranges
can be given by

LR1=[y,y +ALR] 9)
LR; = [y +ALR+1, y +2 ALR] (10)
LR; = [y +2 ALR+1, x] (11)

Where LR1, LR2 and LR3 represent length ranges for
LOW, MEDIUM and HIGH. The MTBC has 6 species.
Therefore the parameter SP is assigned following values

SP= {SP1, SP2, SP3, SP4, SP5, SP6} (12)

2.1. Soft Set Approach

Each sequence is viewed as a transaction containing twenty
amino acids as given in expression (3). For studying the
frequent patterns in MTBC sequences frequency can be
calculated as:

F(4;) :Z?fl-(Aj) Jj=1to20 (13)

Where f; (4;) is frequency of amino acid  in sequence
i and F (4;) is the frequency for amino acid in n
sequences.

Cumulative length of all the sequences can be calculated
as

L=t (14)
Where li is the length of the i sequence.

Threshold is assumed to be 0.05 as there are 20 amino
acids and each will have equal chance of appearing in
sequence. The apriori algorithm is employed to find frequent
patterns in all the sequences. The first step is to calculate
support for all the 20 amino acids in a sequence. The support
for single amino acid is calculated by [Shanker & Pardasani,
15].

Sup (A;)=F(A)/L  j=1to 20 (15)

Similarly support for all the amino acids present in each
species is calculated by expression (15). The amino acids
whose support value is greater than threshold value will be
the frequent 1-amino acid sets. These frequent 1-amino acid
sets are used to generate frequent 2-amino acids sets and
similarly frequent k-amino acids sets are generated. The
Apriori property is used for efficient generation of level -wise
k- frequent amino acids sets (k =1t020).

The SOFT support for k-amino acids set is calculated by
[Herawan & Mustafa, 23]

Sup((ArIUArN...........Ari); E'):F‘((ArlUArAJ ........... AU (16)
A, €)/

Where AiNA, N....n Ag = ¢ k=1t020 and e is the
parameter.

SOFT confidence for k- amino acids set is calculated by
[Herawan & Mustafa, 23]
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Conf

Ark—lU Al'k)1 e)

Where Ar1 N ArzN..0 A= k=1to20

set based association patterns in MTBC species.

III.

The results of soft associations are displayed in Table 1. The

RESULTS AND DISCUSSION

a7
These support and confidence are used to generate soft-

column 3 and 4. The amino acids A, G, L, V, S, T, R, D, P

are predicted as frequent-1 amino acid patterns for (SP1,R1),
amino acids patterns A, G, L, V, S, T, P for (SP1, R2) and

amino acids patterns A, F, G, I, L, V, N, S, T for (SP1, R3) as
shown in column 4 in Table 1. Maximal association patterns

are AGLPV, AGLRV, and AGLTV for (SP1, R1);
AGLPSTV for (SP1, R2) and AFGLST, AGILST, AGINST,
AGLSTV for (SP1, R3) as shown in column 5 in Table 1.

differences in the results are highlighted in bold in Table 1 in

Same interpretation can be made for remaining species.

Table 1: Amino Acid Association Patterns among Species of MTBC by Soft Set Approach

SOFT ASSOCIATION

Species Affects in . . S . Maximal Association
Species and range Frequent 1-amino Acid with their Support Patterns with Their Support
A=0.14 G=0.12 L=0.09 V=0.08 AGLPV=0.051 AGLRV=0.055
- SP1R1(23669) S=0.06 T=0.06 R=0.07 P=0.06 D=0.05 AGLTV=0.052
M Vast majority of
TUBERCULOSIS human A=0.13 G=0.15 L=0.09 V=0.08 S= 0.06 _
(24214) tuberculosis cases SP1R2 (442) T=0.06 P=0.06 AGLPSTV=0.052
SP1R3 (103) A=0.11 F=0.05 G=0.17 1=0.06 L=0.09 AFGLST=0.051 AGILST=0.055
V=0.08 N=0.08 S= 0.07 T=0.07 AGINST=0.051 AGLSTV=0.053
SP2 R1 (7910) ézg 3? $—:(? .Ol: II‘\’_—: %%% \lg:—%(())Be ADGLV=0.051 AGLPV=0.052
- - e - AGLRV=0.058 AGLTV=0.053
. : P=0.05 1=0.05 N=0.05
Wide variety of AGLST=0.051 ADGLV=0.051
M BOVIS mammalian SP2 R2 (89) A=0.14 G=0.18 1.=0.09 V=0.07 AGLPV=0.052 AGLRV=0.051
8011 species includin = = = = = e e
(8011) p o8 Incl g S=0.06 T=0.06 D=0.05 P=0.05 R=0.05 AGLSV=0.052 AGLTV=0.052
A=0.13 G=0.13 L=0.09 V=0.08 _
SP2 R3 (12) S=0.07 T=0.06 R=0.06 D=0.06 ﬁggtz\\//:gggi
P=0.05 1=0.05 N=0.05 e
A=0.13 G=0.10 L=0.10 V=0.08
_ - - ” . ADGLV=0.051
SP3 R1 (4946) T=0.06 R=0.07 ED:—OOC?SG P=0.06 S=0.05 AGLTV=0.051
M BOVIS BCG err?:n;/r?\r;fitgn()f A=0.13 G=0.20 L=0.08 V=007
L . SP3R2 (88) S=0.05 T=0.06 D=0.05 R=0.05 ADGLRV=0.052 AGLRTV=0.051
(5008) species including _ _
humans P=0.05 E=0.05
A=0.13 G=0.13 L=0.09 V=0.09 ADGLRV=0.054
SP3 R3 (4) S=0.07 T=0.06 R=0.05 D=0.06 ADGLSV=0.052
P=0.05 E=0.05 N=0.05
A=0.13 G=0.10 L=0.10 V=0.08
SP4 R1 (13210) T=0.06 R=0.07 D=0.06 P=0.06 E=0.05 ADGLRV=0.051 AGLRTV=0.050
$=0.05
Very rarely A=0.14 G=0.14 L=0.09 V=0.08 e b o
M CANETTII encountered but SP4 R2 (141) S=0.06 T=0.06 R=0.072 D=0.06 e e
(13374) causes human P=0.06 E=0.05 ADGLTV=0.050 AGLPTV=0.052
- e e AGLSTV=0.051
AGILNT=0.050 AFGIST=0.051
SP4R3 (23) A=0.10 G=0.17 1=0.06 L=0.09 V=0.07 AFGLST=0.051 AGILST=0.057
N=0.09 S=0.07 T=0.07 F=0.05 P=0.05 AGINST=0.052 AGLSTV=0.054
AGLPSV=0.050
A=0.13 G=0.10 L=0. 10 V=0.08 T=0.06 R= ADGLRV=0.051 AGLRTV=0.050
R SP5 R1(6109) 0.07 D=0.06 P=0.05 E=0.05
M AFRICANUM | tuberculosis in SP5 R2 (59) A=0.14 G=0.16 L=0.09 V=0.08 5= 0.06 AGLPTV=0.050
(6176) sub-Saharan T=0.07 R=0.06 D=0.06 P=0.05
Africa SP5 R3 (8) A=0.11 F=0.05 G=0.15 1=0.05 L=0.09 AGILST=0.052 AGLPSV=0.053
V=0.08 N=0.07 S= 0.07 T=0.07P=0.05 AGLSTV=0.052
_ _ _ - _ AEGV=0.051 AELV=0.051
SP6 R1 (13) A_O;[%9OGO_70£_8 ()Lagégg\)/ag??oso}c}% AGLV=0.060 EGLV=0.055
e e e e GLTV=0.050
M MJZ%';OT' t“bef(‘)‘l'::'s in 5P6 R2 () A=0.10 G=0.09 L=0.10 V/=0.10 T=0.08 R=0 ADEGLTV=0.052
.06 D=0.07 E=0.07 P=0.05 ADGLRTV=0.052
SP6 R3 (9) A=0.15 G=0.11 L=0.08 VV=0.07 AGLPST=0.052

S=0.07 T=0.06 P=0.06

AGLSTV=0.052
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The Table 2 presents the probable secondary structure of
proteins present in all the species of MTBC for soft approach.
In R1, R2 and R3 ranges the frequent-1 pattern, frequent-2
patterns and frequent-3 patterns of amino acid associations
supporting formation of helix, coil and sheet are predicted in

Table 2. The results displayed in Table 2 indicate that all the
species have tendency to form helix structure frequently for
all three ranges. For ranges R1 and R2 higher frequent amino
acid patterns are not found for sheet and coil formation so the
tendency to form helix structure frequently is justified.

Table 2: Probable Secondary Structure and their Responsible 1, 2 and 3 Amino Acid Association Patterns by Soft Approach

. Rang . Sheet Coil
Species o Helix M,AL.E,K.R,QH V.IT.CW.E.Y N.D.P.S.G
1F 2F 3F 1F 2F 3F 1F 2F 3F
R1 ALR ALAR,LR ALR V, T TV NONE G,D,P,S GDP%S NONE
GP,DG,
R2 ALR ALAR,LR ALR V,T TV NONE G,D,P,S GS PS GPS
MTB GN,GP,
R3 AL AL NONE | V,T,FI | FT,IT, TV NONE GD,P,SN GS, GNS,GPS
PS,NS
DG,GP,
R1 ALR ALAR,LR ALR VT, 1 TV NONE G,D,P,S\N Gs NONE
R2 ALR ALAR,LR ALR V,T TV NONE G,D,P,S DG,GP, NONE
M BOVIS e T ' D,P, GS
DG,
R3 ALR ALAR,LR ALR VT, 1 TV NONE GD,P,S, N DS,GP, GPS
GS, PS
R1 A’IER’ ALAR,LR ALR V,T TV NONE G,D,P,S\N DGG’SP’ NONE
M BOVIS ALR, DG,GP,
BCG R2 E ALAR,LR ALR V, T TV NONE G,D,P,S\N Gs NONE
ALR, DG,
R3 E ALAR,LR ALR V,T TV NONE G,D,P,S\N DS.GS DGS
R1 ALR ALAR,LR ALR V,T TV NONE GD,P,S GIE%S NONE
M GP,DG,
AFRICAN R2 ALR ALAR,LR ALR V, T TV NONE G,D,P,S GS.PS GPS
UM VT GN,GP,
R3 AL AL NONE = FTIT, TV FIT G,D,P,SN GS, GNS,GPS
I,F
PS,NS
R1 A’IER’ ALAR,LR ALR V,T TV NONE D,GP,S D%SP’ NONE
DG,DP,
M R2 A‘IER’ ALAR,LR ALR V, T TV NONE D,P,G,S DS,GP, DGP'PDSGS’G
CANETTII GS,PS
FILLFT,IT GN,GP,
R3 AL AL NONE | V,T,F|I lTV, ' FIT G,P,SN GS,NS, GNS, GPS
PS
AEL, | AEAALAREL, | AEL,
R1 R LR ALR VTl TV NONE G,S GS NONE
M AEL, | AEALAREL, | AEL, GP,DP,
MICROTI R2 R LR ALR V,T TV NONE G,P,SD DG DGP
R3 AL AL NONE V,T TV NONE G,P,S GF;)’(SBS’ GPS
Table 3 describes the physiochemical properties of
maximal frequent amino acid patterns in R1, R2 and R3 for
all species of MTBC by soft approach.
14

ISSN: 2321-2381

© 2016 | Published by The Standard International Journals (The S1J)




The S1J Transactions on Computer Science Engineering & its Applications (CSEA), Vol. 4, No. 1, February 2016

Table 3: Maximal frequent amino acids in all species of MTBC

M No of M
Species Range | frequent fre Maximum association patterns Physiochemical properties
Patterns | patterns
R1 5F 3 AGLPV, AGLRV, AGLTV Hydrophabic, polar uncharged
M p05|t|_vely charged
TUBERCULOSIS | R2 7F 1 AGLPSTV Hydrophobic, polar uncharged
positively charged
R3 6F 5 AFGLST,AGILST,AGINST,AGLSTV Hydrophobic, positively charged
R1 5F 4 ADGLV, AGLPV, AGLRV, AGLTV Hydrophabic, polar uncharged
positively charged
M BOVIS AGLST,ADGLV,AGLPV,AGLRV,AGLSV, Hydrophobic, positively charged,
R2 5F 6
AGLTV polar uncharged
R3 6F 2 ADGLRV,ADGLSV Hydrophobic
R1 5F 2 ADGLV, AGLTV Hydrophobic, polar uncharged
M BOVIS BCG R2 6F 2 ADGLRV,AGLRTV Hydrophobic, polar uncharged,
R3 6F 2 ADGLRYV, ADGLSV Hydrophobic
R1 6F 2 ADGLRV, AGLRTV Hydrophobic, polar uncharged
R2 6F 7 ADGLPV, ADGLRV, ADGLSV, AGLPSV, Hydrophobic, positively charged,
M CANETTII ADGLTV, AGLPTV, AGLSTV polar uncharged
AGILNT, AFGIST, AFGLST, AGILST, .
R3 6F ! AGINST, AGLSTV, AGLPSV Hydrophobic
R1 6F 2 ADGLRV, AGLRTV Hydrophobic, polar uncharged,
M AFRICANUM R2 6F 1 AGLPTV Hydrophobic, polar uncharged,
R3 6F 3 AGILST, AGLPSV, AGLSTV Hydrophobic
R1 4F 5 AEGV, AELV, AGLV, EGLV, GLTV Hydrophobic, polar uncharged,
M MICROTI R2 7F 2 ADEGLTV, ADGLRTV Hydrophobic, polar uncharged,
R3 6F 2 AGLPST, AGLSTV Hydrophobic

The association rules are generated on the basis of above

study are given below:

Range 1

Rules Applied for Helix Formation:

1.

{A(Frequent)\L(Frequent)} —This rule applies for all
species.

{L(Frequent)AR(Frequent)}— This rule applies for all
species.

{A(frequent)/\R(frequent)} — This rule applies for all
species.

{E(Frequent)\L(Frequent)}— This rule applies for M
bovis BCG, M Canettii and M Microti species.
{A(Frequent)A\L(Frequent)/\AR(Frequent)} —This
applies for all species.
{A(Frequent)\L(Frequent)\E(Frequent)} —This
applies for M Microti species.

rule

rule

Rules Applied for Sheet Formation:

1.

{V(frequent)\T(frequent)} — This rule applies for all
species.

Rules Applied for Coil Formation:

1.

ISSN: 2321-2381

{G(Frequent)\S(Frequent)}— This rule applies for all
species.

{D(Frequent)AG(Frequent)}— This rule applies for all
species except M Microti species.
{G(Frequent)\P(Frequent)}— This rule applies for all
species except M Microti species.

Range 2:

Rules Applied for Helix Formation:

1.

{A(Frequent)AL(Frequent)} —This rule applies for all
species.

{L(Frequent)AR(Frequent)}— This rule applies for all
species.

{A(frequent)\R(frequent)} — This rule applies for all
species.

{E(Frequent)A\L(Frequent)}— This rule
Microti species.
{A(Frequent) AL (Frequent)/\R(Frequent)}
applies for all species.
{A(Frequent)A\L(Frequent)\E(Frequent)}
applies for M Microti species.

applies for M
—This rule

—This rule

Rules Applied for Sheet Formation:

1.

{V(frequent)\T(frequent)} — This rule
species.

applies for all

Rules Applied for Coil Formation:

1.

© 2016 | Published by The Standard International Journals (The S1J)

{G(Frequent)AS(Frequent)} — This rule
species.

{D(Frequent)AG(Frequent)}— This rule applies for all
species except M Microti species.
{G(Frequent)\P(Frequent)}— This rule
species except M Microti species.
{P(Frequent)AS(Frequent)}— This rule
TB and M Africanum species.

applies for all

applies for all

applies for M
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5. {G(Frequent)\P(Frequent) AS(Frequent }— This rule
applies for M TB, M Africanum and M Canettii species.

6. {D(Frequent)\G(Frequent)\P(Frequent }— This rule
applies for M Canettii and M Microti species.

Range 3:

Rules Applied for Helix Formation:

1. {A(Frequent)A\L(Frequent)}—This rule applies for all
species.

2. {L(Frequent)AR(Frequent)}— This rule applies for M
Bovis and M Bovis BCG species.

3. {A(frequent)\R(frequent)}— This rule applies for M
Bovis and M Bovis BCG species.

4. {A(Frequent)\L(Frequent)\R(Frequent)} — This rule
applies for M Bovis and M Bovis BCG species.

Rules Applied for Sheet Formation:

1. {V(frequent)\T(frequent)} — This rule applies for all
species.

2.  {F(frequent)\T(frequent)} — This rule applies for M
TB, M Canettii and M Africanum species.

3. {l(frequent)\T(frequent)} — This rule applies for M TB,
M Canettii and M Africanum species.

4. {F(frequent)\I(frequent)} — This rule applies M
Canettii species.

5. {F(Frequent)AI(Frequent)\T(Frequent)} — This rule
applies for M Canettii and M Africanum species.

Rules Applied for Coil Formation:

1. {G(Frequent)AS(Frequent)}— This rule applies for all
species.

2. {G(Frequent)\P(Frequent)}— This rule applies for all
species except M Bovis BCG species.

3. {P(Frequent)\S(Frequent)}— This rule applies for all
species except M Bovis BCG species.

4. {G(Frequent)\N(Frequent)}— This rule applies for M
TB, M Canettii and M Africanum species.

5. {N(Frequent)/AS(Frequent)}— This rule applies for M
TB, M Canettii and M Africanum species.

6. {D(Frequent)\G(Frequent)}— This rule applies for M
Bovis BCG species.

7. {D(Frequent)\G(Frequent)\S(Frequent }— This rule
applies for M Bovis BCG species.

8. {G(Frequent)\P(Frequent) AS(Frequent }— This rule
applies for all species except M Bovis BCG species.

9. {G(Frequent)AN(Frequent)AS(Frequent }— This rule
applies for M TB, M Canettii and M Africanum species.

IV. CONCLUSION

The soft set approach is proposed and employed to mine
amino acid association patterns in the peptide sequences of
species of MTBC. Soft set approach takes care of
uncertainties due to dependence of patterns on parameters
and thus is superior to the fuzzy set and ordinary set
approaches. The interesting association rules among amino
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acid of species of MTBC have been generated by the soft
approach. Also the physicochemical properties and secondary
structures have been predicted based on amino acid
association patterns in peptide sequences of species of
MTBC. The association patterns and rules generated can
serve as signatures for getting better insights of the molecular
processes in species of MTBC.
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