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“Beyond the Double Helix: A Journey from DNA Recombination to
Unravelling Its Computational Tapestry”

Abstract

The groundbreaking work of the DNA splicing system introduced by Head in 1987 simulates
the process of cutting and pasting of DNA molecules using restriction enzymes and ligases.
By formal language theory, a relationship between splicing systems and molecular biology is
explored. In this presentation, the mutual connections between formal language theory,
biomolecular science, and the design of automated enzymatic processes and
implementation within splicing systems, revealing their deterministic finite automaton
structure will be shared. Additionally, experimental validation techniques are done, ensuring

the theoretical results align with real-world observations.







Structure of DNA

DNA - Deoxyribonucleic Acid

made up of

Nucleotides

Sugar phosphate bond

(0]
.

HOC)%S ' Adenine (A)
NG 4 Cytosine (C)
53 2z ® Guanine (G)

= F Thymine (T)

1




Structure of DNA (Cont.)

Watson-Crick Complementary
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Recombinant DNA Technology
Restriction \
Enzyme cut ->\
/ Plasmid / \
Gene for Gene of interest))

antibiotic

A n ——
resistance SIS

N

+ DNA Ligase

Modified plasmid




VARIOUS APPLICATIONS OF
RECOMBINANT DNA TECHNOLOGY

2. THERAPEUTIC PRODUCTS
Vaccines

Growth hormones
Antibodies

Anticancer drugs
Recombinant protein

3. DIAGNOSIS

Gene therapy
Monitoring device
Therapeutic strategies
CRISPR

RECOMBINANT
DNA

TECHNOLOGY
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1. GENETICALLY MODIFIED PRODUCTS
Fruits

Vegetables

Crops

Microbs

Animals

4. ENERGY
APPLICATIONS
Biohydrogen
Bioethanol
Biomethanol
Biobutanol




DNA Computing

« DNA computing has emerged in the last twenty years as
an exciting new research field at the intersection of Biology,
Computer Science, Mathematics and Engineering.

Biology l Mat
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Mathematics and DNA
Splicing System

- The mathematical modelling of
splicing system was first defined by
Tom Head in 1987.

* It was introduced as a mathematical
model of the generative capacity of a
biological system containing DNA
molecules in the presence of
appropriate enzymes.

17




Prof Head'’s visit to UTM,
2004
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Mathematical Modelling of DNA Splicing System

How do we model it?

Mathematics and DNA In

Mathematical
Model

Formal Language

Alphabets h,n, i za,s,mr,o DNA bases acg,t

Strings nor & haniza & sarmin DNA Sequence acgttgat & gcgttga

DNA Splicing acgt—- -tgat & gcgt- -tga
Nor + Haniza

Haniza + Sarmin Grammar Watson-Crick

Grammar

Nor Haniza

Language Language acgttga & gegttgat

Haniza Sarmin

19




Mathematical Modelling of DNA Splicing System (Cont.)

_—*I ________ 1 ______ ql____q

| |
v v
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Restriction Enzymes

A restriction enzyme is an enzyme that cuts double-stranded or single
stranded DNA at specific recognized nucleotide sequences, known as
restriction sites.

G 11 1

2]



Restriction Enzymes (Cont.)

EcoRl: ([G/CL[A/T][A/T],[T/ALIT/ALIC/G]) Mfel: ([C/GL[A/T],[A/TL[T/AL[T/A][G/C])
GEAATTC CAATTG

GTTAAC

CTTAAG
v v
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Types of DNA Splicing Systems

#ln

Head’s
Splicing
System

1987

|

Ifw” )
8 ¢
Paun’s
Splicing
System
1996

Pixton'’s

Splicing

System
1996

Goode-Pixton
Splicing
System

2004

Yusof-Goode
Splicing
System

2013

Fuzzy

Splicing

System
2014

Head, T. (1987). Formal Language Theory and DNA: An Analysis of the Generative Capacity of Specific Recombinant Behaviors. Bulletin of
Mathematical Biology, 49(6), 737-759. doi:https://doi.org/10.1007/BF0248177

Paun, G. (1996). On the Splicing Operation. Discrete Applied Mathematics, 70(1), 57-79. doi:https://doi.org/10.1016/0166-218X(96)00101-1

Pixton, D. (1996). Regularity of Splicing Languages. Discrete Applied Mathematics, 69(1-2), 101-124. doi:https://doi.org/10.1016/0166-
218X(95)00079-7

Goode, E., & Pixton, D. (2004). Splicing to the Limit. In N. Jonoska, G. P&un, & G. Rozenberg (Eds.), Aspects of Molecular Computing, Lecture
Notes in Computer Science (pp.189-201). Germany: Springer-Verlag.

Yusof, Y., Sarmin, N. H,, Fong, W. H,, Goode, T. E,, & Ahmad, M. A. (2013). An Analysis of Four Variants of Splicing System. Paper presented at
the 20th National Symposium on Mathematical Sciences - Research in Mathematical Sciences: A Catalyst for Creativity and
Innovation (SKSM 2012).

Karimi, F., Turaey, S., Sarmin, N. H., & Fong, W. H. (2014). Fuzzy Splicing Systems. In D. Hwang, J. J. Jung, & N. T. Nguyen (Eds.), Computational
Collective Intelligence. Technologies and Applications, ICCCI 2014, Lecture Notes in Computer Science (pp. 20-29). Cham,
Switzerland: Springer International Publishing.
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Types of DNA Splicing Systems (Cont.)

Splicing Head Paun Pixton Goode-Pixton | Yusof-Goode Fuzzy
System S=(A1BC) o= (AR) {=(R1) (W, W)k, z S=(AIR) S=(ATILR,
0)

Initial ucxdv UL ULV Eam W = Xuvy auxvp (ua, x)
String pexfq u'usugV' &an' w' = xu'vy' Yyz6é (hv, y)
x,y €[0,1]
Rule (c,x, d) uBuSustu  (a,a:p) r=(uv;u;v)  (wx vy x z) u#a$Sh#v
(e, x, ) 4
Splicing ucxfq uu U4V’ §Bn’ z=xuv'y auxzs (ur, x O y)
Language pexdv Yyxvf O is fuzzy
operation

S: splicing system

g and {: splicing schemes
A: finite alphabet

T € A: terminal alphabet

I: set of initial strings

B: set of rules with left pattern
C: set of rules with right pattern
R =B U C :set of rules
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Wet Experiment on Splicing System

FRLLEREH B P
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Theoretical vs Lab Results
Wet Splicing System involving CviQl and Acil

« An initial DNA molecule | used in this splicing model is a small segment taken from
bacteriophage lambda between 42958 and 43117 with the length of 160 base pairs (bp).

« The initial molecule contains one cutting site each of the restriction enzymes CviQl and Acil
where the genome locations for the cutting sites are found at 42992-42995 and 43036-
43039 respectively.

 Five sticky ends of molecules «a, 5, y, a— f and g — y are produced by the restriction
enzymes when cutting the initial molecule. The lengths of fragments for the sticky ends are
given in the following.

Fragment: CviQl site B Acll site y

la] = 35 bp

18] = 44 bp

lyl = 81 bp
la — Bl = 79 bp
1B — v =125 bp

27/



Theoretical vs Lab Results (Cont.)
Wet Splicing System involving CviQl and Acil

- Initial Molecule ( 42958 and 43117 from bacteriophage lambda)

ggactatcgaagagtgcaaggcgatcaaggcagagtaccaacagaaactcaaagacctgcgaaatagcagaa
gtgaggccgcatgacgttctcagtaaaaaccattccagacatgctcgttgaaacatacggaaatcagacagaagt

agcacgcagactg (160 bp)

« Enzyme CviQl (palindromic)
5'.GYTAC..3'

3'..CAT,G..5

« Enzyme Acil (non-palindromic)
5..CYCGC..3'

3..CGC,C..5

28



Theoretical vs Lab Results (Cont.)
Wet Splicing System involving CviQl and Acil

The splicing language from this splicing system S invoving one cutting site each of
palindromic restriction enzyme CviQl (g, ta, ¢) and non- pelrndromrc restriction enzyme
Acil (c, cg, c) with different palindromic crossings is shown in the following:
L(S) = {agtac(Bccggp'gtac)™*(a’ + Beegey))
+{y'gcg(gp’'gtacpccg)™ (cy + gB'gtaca’)}.
where n € Z*. The fragments of DNA strings in the splicing language L(S) are stated as
follows:

, gtac ( 5 €99 gtac:)"‘1 o

1

agtac:( ccgg gtac:)" ccgc

n-—1

y 999 (9 p 919€ ; €)™ ¢ g

gtac o

s
)

gcg (g gtac ccg

where n eZ* represents multrple copies of the specific strings.

29



Theoretical vs Lab Results (Cont.)
Wet Splicing System involving CviQl

Lane 1 Lane 2 Lane 3 Lane 4 Lane 5

(LMW ladder) (0 minute) (30 minutes) (60 minutes) (2 hours) , Lane 1 Lane 2 Lane 3 Lane 4 Lane 5

(LMW ladder) (0 minute) (30 minutes) (60 minutes) (2 hours)

766

b ———
> e ——
- eem——
350 I S—
R
7S | ———
= | m—————
250 = - -
200 —_—
150 E—

100 — e Lane 1: LMW ladder
 Lane 2 (0 minute): 160 bp

50 _  Lane 3 (30 minutes): 35 bp, 72 bp, 125 bp, 160 bp and 248 bp
‘ ¥ 4 7 : .
 Lane 4 (60 minutes): 35 bp, 72 bp, 125 bp, 160 bp and 248 bp

* Lane 5(2 hours): 35 bp, 72 bp, 125 bp, 160 bp and 248 bp

75 I _ =

30




766

500

350

Theoretical vs Lab Results (Cont.)
Wet Splicing System involving Acil

Lane |

(LMW ladder)

Lane 2 Lane 3 Lane 4

(0 minute) (30 minutes) (60 minutes)

Lane 5

(2 hours)

Lane 1 Lane 2 Lane 3 Lane 4 - Lane 5
(LMW ladder) (0 min) (30 mins) (60 mins) (2 hours)

766 — ‘S~

500 —

350 —
300 — “SS——
250 — “Se—

200 — SS—

150 — —— — Se—— S—

100 —

75 =— - L — L —— SR

S0 -

Lane 1: LMW ladder

Lane 2 (0 minute): 79 bp (or 81 bp) and 160 bp
Lane 3 (30 minutes): 79 bp, 81 bp and 160 bp
Lane 4 (60 minutes): 79 bp, 81 bp and 160 bp
Lane 5 (2 hours): 79 bp, 81 bp and 160 bp

31

160bp

. 79bp , 81bp




Theoretical vs Lab Results (Cont.)
Wet Splicing System involving CviQl and Acil

Lane 1 Lane 2 Lane 3 Lane 4 Lane 5

(LMW ladder) (0 minute) (30 minutes) (60 minutes) (2 hours)

Lane 1 Lane 2 Lane 3 Lane 4 Lane 5

766 (LMW ladder) (0 minute) (30 minutes) (60 minutes) (2 hours)
500 —
S S— 336 bp
554 248 bp
_ _ 160 bp
S 125 bp
U0 79 bp, 81 bp
72 bp
250 — - -
44 bp
200 —_— 35 bp
50 | —— F< —
100 —] / 4
/ o/ /| ¢ Lane 1: LMW ladder
75 4 /=—— |/=— | « Lane2 (0 minute): 79 bp (or 81 bp), 125 bp and 160 bp
50 — / /| ——| + Lane 3 (30 minutes): 35 bp, 44 bp, 79 bp, 81 bp, 125 bp, 160 bp, 248 bp
75 —  Lane 4 (60 minutes): 35 bp, 44 bp, 79 bp, 81 bp, 125 bp, 160 bp, 248 bp

Lane 5 (2 hours): 35 bp, 44 bp, 72 bp, 79 bp, 81 bp, 125 bp, 160 bp,
248 bp, 336 bp

P




Wet-lab Experiment on Splicing System

Universiti Teknologi Malaysia, 2007
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Wet-lab Experiment on Splicing System




Wet-lab Experiment on Splicing System

Universiti Teknologi Malaysia, 2012

£15)



Wet-lab Experiment on Splicing System

Universiti Teknologi Malaysia, 2015
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Wet-lab Experiment on Splicing System

Universiti Teknologi Malaysia, 2020
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» @ Automata of Splicing System 1

. ‘  \ ‘ . ‘1
Automata theory is the study of abstract S1 | S2 |
machines, as well as the computational | I —
problems that can be solved using them. It is 0 | |
a theory in theoretical computer science. dizgram starts i siste S, and ohanges

states following the arrows marked 0 or 1
according to the input symbols as they
arrive. The double circle marks S; as an
accepting state. Since all paths from S, to
itself contain an even number of arrows
marked O, this automaton accepts strings
containing even numbers of Os.

The automaton diagram for regular language

89


https://en.wikipedia.org/wiki/Abstract_machine
https://en.wikipedia.org/wiki/Abstract_machine
https://en.wikipedia.org/wiki/Computational_problem
https://en.wikipedia.org/wiki/Computational_problem
https://en.wikipedia.org/wiki/Theoretical_computer_science
https://en.wikipedia.org/wiki/State_diagram
https://en.wikipedia.org/wiki/State_diagram

Example

AGGACTAGTCT

TCCTGATCAGA} 13 the set of

Given a splicing system S = (4, I, B, C) where I = {

CTA G
G AT’ C
and set C 1s the empty set.

initial string, set B = {( )} 1s the set of cleavage pattern for the enzyme Bfal,

5" — CTAG — 3’
The enzyme Bfal, 3 _ GATC — &/

sequence of enzyme Bfal reads the same forwards and backwards.

1s a palindromic rule since the base

The automata for
the splicing system
S

40



Graphical User Interface (GUI) for DNA Splicing System

DNA Splicing Language Generator (DNASpliceGen)

A C++ program that is created in Microsoft Visual Studio to develop the Graphical User Interface (GUI) for
DNA splicing systems involving palindromic and non-palindromic rules.

¥ DNA Splicing System with Palindromic and Non-Palindromic Rules - [m] X

Instruction: Insert the initial string and the cleavage pattern of the enzyme(s).

Initial string | | Insert the initial DNA string
Enzyme 1 | | s | | . |
Enzyme2 | B | Insert the cleavage pattern of the enzyme(s)
Compute I l Clear
Click ‘Compute’ Click ‘Clear’ button
button to generate to reset the
the results interface

4]



DNA Splicing Language Generator (DNASpliceGen)

i DNA Splicing System with Palindromic and Non-Palindromic Rules - 0O X

Instruction: Insert the initial string and the cleavage pattern of the enzyme(s).

Initial string l aggactagtct |
epEEEEEEEIRX,
Enzyme 2 I . , ‘

| Compute | | Clear I

The initial molecule:

5“AGGACTAGTCT-3 The boxes indicate the cutting site of the restriction enzyme
3TCCTGATC|AGA-F found in the initial string

Restriction site of the enzyme : [ |
5CT A G-3 The algorithm determines if the restriction enzyme is a
is a palindromic rule with palindromic crossing.

The enzyme ., - » 1 ¢ 5 palindrome or not a palindrome including crossing
T |
WAL T f'l“‘“ I <:’\ The algorithm states the number of cutting sites
The resulting molecules: Cage Tumm

5'-[AGGA+AGA] CTAG[TCT+TCCT]-3'
3 TCCT TCT  GATC AGA AGGA -5

N

The algorithm generates all the splicing languages

42
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DNA Splicing Language Generator (DNASpliceGen)
Output of GUI for DNA Splicing System involving Two Rules

1 DNA Splicing System with Palindromic and Non-Palindromic Rules

Instruction: Insert the initial string and the cleavage pattern of the enzyme(s].

O

X

Initial string ‘ attcgactgcgcaga

et [ | [ @ |

ooz [y | [ @ ][
| Compute | | Clear
The initial molecule:

5" ATITCGACTIGCGCAGA-I
I-TAIAGCTGAICGCG|TCT-b

Restriction site of the enzyme :

5-T C GA-3
3-AGCT-%
-G C G C-3

The enzyme

is a palindromic rule with palindromic crossing.

The enzyme 3-C G C G5 is a palindromic rule with p
The enzymes 1 and 2 have the same crossing.

\ﬁ

crossings

The algorithm determines if the two different
restriction enzymes have the same or different

The number of cutting sites found: 2

The resulting molecules: Case 3

CG_ACTG CAGT

Jigelrgactarcal?

5'- ATT+TCTG
3" TAA AGAC

*CG CAGA AAT -3

)

ccleTeT TTA! 5

43

Additional features:

« Certain messages dare

'i«-_ displayed on the interface

if the number of cutting
sites found exceeds two

« The interface prompts the
users if the cutting sites of
restriction enzyme overlap

« The users will be notified if
the inputs are incorrect.







Graph Theory

A graph is a mathematical structure consists of two finite sets called the set of
vertices, V and edges, E.

Langkawi Alor
angkawi 3 3p Setar g3 Kota Bharu Kota Kinabalu}) o Eaidakan
Labua /
P //-/_/—__
enang 7 ) Kuala Terengganu $rdar Serl Bega ?9 \ |
/’7;'4&' 3) Lot
3 = /
Kuala Lumpur #p-

Jma I/}‘ N

__-—‘—‘—'_‘_-_'7
Singapore » })Kuchlng
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Splicing System in Graph Theory

Graph splicing system is originally introduced by Freund in 1995 to describe
the DNA splicing system in the form of graphs instead of one-dimensional
strings.

Graph Splicing
System

DNA Splicing System

N emphasizes on the cuts at various
focuse.s on the recombination edges on graphs and reconnects
behaviors of DNA molecules them in another way

defined and described in the
graph splicing scheme and graph
splicing rule

with the presence of restriction
enzyme(s)

Freund, R. Splicing systems on graphs, in 1st Int. Symp. On Intelligence in Neural and Biological Systems, INBS'95 (IEEE, Washington, DC, 1995), 189-194.

46




Graph Splicing Rule

* A graph splicing rule consisting the enzyme Acll can be written as follows.

)= (@5 oo (44.C6 T

TT GC’ AA

D—D—C)—C)—D)—C OR OO0
h = i (h,E") = \5/
T A C (1) (T)—(f)—'

1" 2
A /'—I'\ T
p — ( ° }\:4)’_: \/g: ; (]’12,)1 (3’14,)1 (5’16’)1 (7,18’))
c D—(Das(D—© y

~
R

|
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n-Cut Splicing (Cont.)

Two components of n-cut spliced
semigraphs are generated

An n-cut splicing is applied

48



n-Cut Splicing (Cont.)

Example of n-cut splicing & n-cut spliced semigraph

n

n-cut splicing

1 3 5 1 3 5
1 2!
—) .
&
5 6'
2 4 6 2 4 6

1-cut splicing

o—0-
A'——‘u

c@—@ v

7 1 3 5 7
I 2
¥ 5
7 g
8 2 4 6 8

2-cut splicing

2

5 7

‘
¢

-
-

9 1 3 5 7 9
E I — I_< l I 1—09' ! ¢ ¥ 10
g 2 4 6 8 10

10

3-cut splicing

49




n-Cut Splicing (Cont.)

An n-cut splicing will cut n+2 number of edges and the two
vertices from the left most of the graphs as well as the two
vertices from the right most of the graphs will never be cut.

Never be cut Never be cut

n+ 2
edges to be cut

50



Spectral Graph Partitioning

DNA sequence GTACCGCGTACA of length 12

» The DNA sequence GTACCGCGTACA has the unit distance path graph

as shown in Figure 4.1.

Figure 4.1: Unit distance path graph of DNA sequence GTACCGCGTACA.

5]



DNA sequence GTACCGCGTACA of length 12
(Cont.)

» The graph in Figure 4.1 is denoted as G4, Laplacian matrix of the graph,
L(G,) is obtained.

(1 =10 0 0 0 0 0 0O O O
-1 2 -10 0 0 0 0 0 0 0
0 -1 2 -10 0 0 0 0 0 0
0 0 -1 2-10 00 0 0 0
0 0 0 -1 2 10 0 0 0 0
L(G)=[0 0 0 0 -1 2 -10 0 0 0
0 0 0 0 0 -1 2 10 0 0
0 0 0 0 0 0 -12-10 0
0 00 0 00O 0 —-12—-10
e GOPHOP MO GOP 88 5 8 4
L0 0 0 0 0 0 0 0 0 —1 1




DNA sequence GTACCGCGTACA of length 12

(Cont.)

> The eigenvalues and eigenvectors of L(G;) are computed, as shown

below.

Table 4.1: Set of eigenvalues and eigenvectors of L(G;).

.| Eigenvalue, Eigenvector,

! A Vi

1 0 (111111111 l]l

2 0.0810 (=1 —0.9190 —0.7635 —0.5462 —-0.2846 0 0.2846 05462 0.7635 0.9190 I)T
3 0.6903 (=1 03097 0.5944 1.0822 0.8308 0 —-0.8308 -1.0882 -0.5944 0.3097 ”r

1 1.7154 (=1 07154 1.2036 -0.3728 -1.3097 0 1.3097 03728 -1.2036 -0.7154 I)T
5 2.8308 (=1 1.8308 —0.5211 -0.5211 -1.3979 1.6825 0 -1.6825 1.3979 (.5211 -1.8308 l)T
6 0.3175 (1 0.6825 0.1483 —0.4330 —-0.8768 —1.0422 —0.4330 0.1483 0.6825 l)T

7 3.6825 (=1 2.6825 -3.5133 3.2287 —-1.9190 0 1.9190 -3.2287 3.5133 -2.6825 I)T
8 1.1692 (1 =0.1692 —1.1406 —0.7784 04938 1.1887 0.4938 —0.7784 -1.1406 -0.1692 1)7
9 2.2846 (1 —=1.2846 —0.6344 1.4652 0.2173 —-1.5270 0.2173 1.4652 -0.6344 —1.2846 I)’
10 3.30097 (1 =2.3097 2.0251 -0.3426 -1.5764 24072 -1.5764 -0.3426 2.0251 -2.3097 l)'
11 3.9190 (1 =29190 46015 -59112 6.7420 -7.0267 6.7420 -59112 4.6015 -=-2.9190 I)T
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DNA sequence GTACCGCGTACA of length 12
(Cont.)

>

>

From Table 4.1, the Fiedler value obtained is 0.0810.

The Fiedler vector obtained is
(-1 —09190 —0.7635 —0.5462 —02846 0 0.2846 0.5462 0.7635 0.9190 1)7.

For bisection cut, the splitting value s is the median of the entries of
Fiedler vector, which is s = 0 in this case. Hence, the partitions of DNA
sequence GTACCGCGTACA obtained are GTACCG and CGTACA with
equal length of 6.

For gap cut, the splitting value s is the largest gap of the sorted entries
of Fiedler vector, which is 0.2846 in this case. Hence, the partitions of
DNA sequence GTACCGCGTACA are GTACCGC (length 7) and GTACA
(length 5), which are of unequal lengths.

Therefore, bisection cut is the balanced cut for GTACCGCGTACA.
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Shortest Path Problem and Minimized DNA

String
Case of Initial Base A

> The string taken is from the 12841 base to the 12920 base of Lambda.
> The string obtained is: « =GCGTGGGGAA TCTTTACCGG CTGATGCGCG
GCTATGCCAC CGGCGGTTAT GTCGGTACAC CGGGCAGCAT GGCAGACAGC.

>Lambda_NEB

GGGCGGCGACCTCGCGGGTTTTCGCTATTTATGAAAATTTTCCGGTTTAAGGCGTTTCCGTTCTTCTTCG
TCATAACTTAATGTTTTTATTTAAAATACCCTCTGAAAAGAAAGGAAACGACAGGTGCTGAAAGCGAGGC
TTTTTGGCCTCTGTCGTTTCCTTTCTCTGTTTTTGTCCGTGGAATGAACAATGGAAGTCAACAAAAAGCA
GCTGGCTGACATTTTCGGTGCGAGTATCCGTACCATTCAGAACTGGCAGGAACAGGGAATGCCCGTTCTG
CGAGGCGGTGGCAAGGGTAATGAGGTGCTTTATGACTCTGCCGCCGTCATAAAATGGTATGCCGAAAGGG
ATGCTGAAATTGAGAACGAAAAGCTGCGCCGGGAGGTTGAAGAACTGCGGCAGGCCAGCGAGGCAGATCT
CCAGCCAGGAACTATTGAGTACGAACGCCATCGACTTACGCGTGCGCAGGCCGACGCACAGGAACTGAAG
AATGCCAGAGACTCCGCTGAAGTGGTGGAAACCGCATTCTGTACTTTCGTGCTGTCGCGGATCGCAGGTG
AAATTGCCAGTATTCTCGACGGGCTCCCCCTGTCGGTGCAGCGGCGTTTTCCGGAACTGGAAAACCGACA
TGTTGATTTCCTGAAACGGGATATCATCAAAGCCATGAACAAAGCAGCCGCGCTGGATGAACTGATACCG
GGGTTGCTGAGTGAATATATCGAACAGTCAGGTTAACAGGCTGCGGCATTTTGTCCGCGCCGGGCTTCGC
TCACTGTTCAGGCCGGAGCCACAGACCGCCGTTGAATGGGCGGATGCTAATTACTATCTCCCGAAAGAAT
CCGCATACCAGGAAGGGCGCTGGGAAACACTGCCCTTTCAGCGGGCCATCATGAATGCGATGGGCAGCGA
CTACATCCGTGAGGTGAATGTGGTGAAGTCTGCCCGTGTCGGTTATTCCAAAATGCTGCTGGGTGTTTAT
GCCTACTTTATAGAGCATAAGCAGCGCAACACCCTTATCTGGTTGCCGACGGATGGTGATGCCGAGAACT
TTATGAAAACCCACGTTGAGCCGACTATTCGTGATATTCCGTCGCTGCTGGCGCTGGCCCCGTGGTATGG
CAAAAAGCACCGGGATAACACGCTCACCATGAAGCGTTTCACTAATGGGCGTGGCTTCTGGTGCCTGGGC
GGTAAAGCGGCAAAAAACTACCGTGAAAAGTCGGTGGATGTGGCGGGTTATGATGAACTTGCTGCTTTTG
ATGATGATATTGAACAGGAAGGCTCTCCGACGTTCCTGGGTGACAAGCGTATTGAAGGCTCGGTCTGGCC
AAAGTCCATCCGTGGCTCCACGCCAAAAGTGAGAGGCACCTGTCAGATTGAGCGTGCAGCCAGTGAATCC
CCGCATTTTATGCGTTTTCATGTTGCCTGCCCGCATTGCGGGGAGGAGCAGTATCTTAAATTTGGCGACA
AAGAGACGCCGTTTGGCCTCAAATGGACGCCGGATGACCCCTCCAGCGTGTTTTATCTCTGCGAGCATAA
TGCCTGCGTCATCCGCCAGCAGGAGCTGGACTTTACTGATGCCCGTTATATCTGCGAAAAGACCGGGATC
TGGACCCGTGATGGCATTCTCTGGTTTTCGTCATCCGGTGAAGAGATTGAGCCACCTGACAGTGTGACCT

CGCTTCAGGCAGAACTCCGGACGCTGGAGAAGCATGCCGGAGCAAATGAGAAAATCAGCCAGCAGCGCCG
GGATTTGTGGAAGGCGGAGAGTCAGT TCGCGGTACTGGAGGAGGCGGCGCAACGTCGCCAGCTGTCTGCA
CAGGAGAAATCCCTGCTGGCGCATAAAGATGAGACGCTGGAGTACAAACGCCAGCTGGCTGCACTTGGCG
ACAAGGTTACGTATCAGGAGCGCCTGAACGCGCTGGCGCAGCAGGCGGATAAATTCGCACAGCAGCAACG
GGCAAAACGGGCCGCCATTGATGCGAAAAGCCGGGGGCTGACTGACCGGCAGGCAGAACGGGAAGCCACG
GAACAGCGCCTGAAGGAACAGTATGGCGATAATCCGCTGGCGCTGAATAACGTCATGTCAGAGCAGAAAA
AGACCTGGGCGGCTGAAGACCAGCTTCGCGGGAACTGGATGGCAGGCCTGAAGTCCGGCTGGAGTGAGTG
GGAAGAGAGCGCCACGGACAGTATGTCGCAGGTAAAAAGTGCAGCCACGCAGACCTTTGATGGTATTGCA
CAGAATATGGCGGCGATGCTGACCGGCAGTGAGCAGAACTGGCGCAGCTTCACCCGTTCCGTGCTGTCCA
TGATGACAGAAATTCTGCTTAAGCAGGCAATGGTGGGGATTGTCGGGAGTATCGGCAGCGCCATTGGCGG
GGCTGTTGGTGGCGGCGCATCCGCGTCAGGCGGTACAGCCATTCAGGCCGCTGCGGCGAAATTCCATTTT
GCAACCGGAGGATTTACGGGAACCGGCGGCAAATATGAGCCAGCGGGGATTGTTCACCGTGGTGAGTTTG

TCTTCACGAAGGAGGCAACCAGCCGGATTGGCGTGGGGAATCTTTACCGGCTGATGCGCGGCTATGCCAC
CGGCGGTTATGTCGGTACACCGGGCAGCATGGCAGACAGCCGGTCGCAGGCGTCCGGGACGTTTGAGCAG
AATAACCATGTGGTGATTAACAACGACGGCACGAACGGGCAGATAGGTCCGGCTGCTCTGAAGGCGGTGT
ATGACATGGCCCGCAAGGGTGCCCGTGATGAAATTCAGACACAGATGCGTGATGGTGGCCTGTTCTCCGG
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Case of Initial Base A (Cont.)

» GCGTGGGGAA TCTTTACCGG CTGATGCGCG GCTATGCCAC
CGGCGGTTAT GTCGGTACAC CGGGCAGCAT GGCAGACAGC.

9 10 16 24 34 39
8
74 69 66 59 57
OO OOt
49
0
78
O
76
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Case of Initial Base A (Cont.)

End vertex

Position AA | AT | AC | AT | AT | AC | AT | AC| AC | AG | AT | AG | AC | AG
Start vertex 9 |10 |16 | 24 | 34 | 39 | 49 | 57 | 59 | 66 | 69 | 74 | 76 | 78
AA 9 - | =1 5 | 1323 | 28 |38 |46 | 48 | 55 | 58 | 63 | 65 | 67
AT 10 - - 4 |12 122 127 | 37 45 | 47 | 54 | 57 | 62 | 64 | 66
AC 16 - - - 6 | 16 | 21 | 31 | 39 | 41 | 48 | 51 | 56 | 58 | 60
AT 24 - - - - 8 |13 23 |31 |33 |40 | 43 | 48 | 50 | 52
AT 34 - - - - - 3 | 13|21 | 23|30 33| 38 |40 | 42
AC 39 - - - - - - 8 |16 | 18 | 25 | 28 | 33 | 35 | 37
AT 49 - - - - - - - 6 8 | 15 |19 | 23 | 25 | 27
AC 57 - - - - - - - - 0 7 10| 15|17 | 19
AC 59 - - - - - - - - - 5 8 | 13 | 15 | 17
AG 66 - - - - - - - - - - | 6 8 | 10
AT 69 - - - - - - - - - - - 3 5 7
AG 74 - - - - - - - - - - - - 0 0
AC 76 - - - - - - - - - - - - - 0
AG 78 - - - - - - - - - - - - - -
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Case of Initial Base A (Cont.)

» Reduced graph with vertex

0 8 (GCGCGGCT)
set V', for a.

6 (CGGCTQG)

3 (GCC)
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Case of Initial Base A (Cont.)

Start vertex | End vertex Path taken Path length
AC — AC 0
AC—AG—AC 0+0=0
AC AC—AG—AT—AC | 0+1+3=4
AC—AT—AC 6+3=9
AC—AT—-AG—AC | 6+3+0=9
AC AC — AC— AG 0+0=0
AG AC—AG 0
AC—AT—AG 6+3=9
AC — AC— AT 0+6=6
AT AC—AG—AT 0+1=1
AC—AT 6
AG — AC 0
AC AG—AG—AC 2+0=2
AG—AT—AC 1+3=4
AG — AC— AG 0+0=0
AG—AC—AT—AG | 0+6+3=9
AG AG AG—AG 2
AG—AT—AG 1+3=4
AG—-AT—-AC—-AG | 1+3+0=4
AG — AC— AT 0+6=6
AT AG—AG—AT 2+1=3
AG—AT l

59

Start vertex | End vertex Path taken Path length
AT — AC 3
AC AT—-AG—AC 3+40=3
AT—AT—-AC 8+0=38
AT — AC— AG 3+0=3
AG AT—AG 3
AT AT—=AT—-AG 8+3=11
AT — AC— AT 3+6=9
AT—-AC—-AG—AT | 3+0+1=4
AT AT—AG—AT 3+1=4
AT—-AG—AC—AT | 3+0+6=9
AT—AT 8

» Calculation of the shortest

path
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Case of Initial Base A (Cont.)

» Shortest path and the minimized DNA string for each path

Start vertex | End vertex Path taken Path length | Minimized DNA string

AC AC — AC 0 ACAC

AC AG AC — AG 0 ACAG
AT AC—>AG—AT 0+1=1 ACAGCAT
AC AG — AC 0 AGAC

AG AG AG—-AC—-AG | 0+0=0 AGACAG
AT AG — AT 1 AGCAT
AC AT — AC 3 ATGCCAC

AT AG AT — AG 3 ATGGCAG
AT AT—-AG—AT 3+1=4 ATGGCAGCAT
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Case of Initial Base A (Cont.)

0 » The minimized DNA string is
;\ ATGCCACACAGCATGCCAGAC.

[ AC |
8 (GCGCGGCT)

0
‘ 6 (CGGCTG)

> Simplified graph with vertex set V',
for a.
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Ongoing Research

A Theoretical DNA Based Computer Model for Food Authentification Process

The authentication of food is an urgent concern owing to the increasing population and
direct consequences of food on public health. Food authentication using DNA and omics-
based methods is gaining ground due to critical advantages notably in the areas of food
adulteration in plant and animal-based food and feed products and in determining the quality
of food and food spoilage. Besides, there is greater demand for the detection of genetically
modified foods (GMOs) and the detection of allergens, toxins, and carcinogens like tobacco
in the food. Advanced DNA and omics-based methods (genomics, metabolomics, and
proteomics) have been used in the food industry including DNA-based methods that rely on
specific markers known as reference genes for food authentication. Novel methods like
CRISPR-Cas have been recently introduced for the management of beneficial micro-
organisms relevant to food like probiotics.
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Active Collaborator on DNA Splicing System

Specialization:

. Formal Languages and
Automata

2. DNA Computing

3. Artificial Intelligence

4. Cryptography

Ass Prof. Dr. Sherzod Turaev

College of Information Technology, United Arab Emirates University

Co-supervisor for some PhD students
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Active Collaborator on DNA Splicing System

Specialization:

1. Spectral of Laplacian
Hypergraph and Graph

2. Distance Matrices and
Quadratic Embedding of
Graphs

3. Machine Learning

4. DNA Sequencing

Dr. Alfi Yusrotis Zakiyyah

Lecturer in Mathematics and Statistics, School of Computer Science, Bina Nusantara
University (BINUS), Jakarta, Indonesia

IndoMS Research Visit Program 2022 to UTM (18 - 30 November 2022)
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