04. DNA Matching (30 Marks)

DNA is a molecule consisting genetic information which determines a person’s characteristics.
The genetic information is encoded by four chemical bases: A, T, C and G. These four chemical
bases are important in performing DNA profiling used in a crime investigation. DNA profiling
is based on the arrangement of these four chemical bases in a repetitive format termed Short
Tandem Repeats (STRs). For example, considering the STR is AGAT, we have the following
DNA fragments:

1 2 3 4 5

DNA obtainedfromthe /1 AGAT AGAT AGAT AGAT =
crime scene

The number of short tandem

repeats match for Suspect 1
DNA from Suspect 1 AGAT AGAT AGAT AGAT AGAT - 5vs7

The number of short tandem

repeats does not match for Suspect 2

DNA from Suspect 2 |AGAT|AGAT|AGAT| AGAT|AGAT|AGAT|AGAT|—

5vs5

As shown above, the number of STRs (i.e. AGAT) in the DNA obtained from the crime scene
is 5, which is similar to the number of STRs in the DNA obtained from suspect 1, indicating
that suspect 1 probably appeared in the crime scene. By comparing the number of STRs in the
DNA of suspect 2, there are two extra STRs which proposed that the DNA obtained from the
crime scene does not belong to suspect 2.

Case scenario:

An investigation has been conducted in the laboratory towards four suspects via DNA
profiling. Generally, a complete DNA sequence is provided and it is separated into fragments
since the DNA sequence is normally very long. The matching process will be carried out
between the fragments to determine the closest match. Later, the number of longest STRs in
the matched DNA fragment sequences is extracted for any further investigation.

Write a program to
Input, the following in sequence:
e STR
The DNA fragment obtained from the crime scene
The DNA fragment of Suspect 1
The DNA fragment of Suspect 2
The DNA fragment of Suspect 3
The DNA fragment of Suspect 4

Output, in sequence:
o The suspect number (i.e., 1, 2, 3, or 4) whose DNA fragment matches with the DNA
obtained from the crime scene. If none of the four suspect has a match, then output O.
o The number of longest STRs in the matched DNA fragment. If there is no match, then
output 0.
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Example ($filF)

Input (1.A)

Output (¥itt)

AGAT
GATCAGATAGATAGATAGATAGATATGCATAATTCCTGAC
GATCATGCATGCAGATAGATATGCATGCATGCAGTCAGCA
GATCAGATAGATAGATAGATAGATATGCATAATTCCTGAC
AATCATAGATAGATAGATAGATACTTATCGACTAGGATCC
TATCATAATATGCATGCATGCATGCATGCATGCATGCTCC

N

ACG
ACGAGCACGGTCATAGATAGATACTTATCGACTAGGATCC
ACGAGCACGGTCATAGATAGATACGGATCGACTAGGATCC
ACGAGCACGGTCATAGATAGATACTTATCGAATAGGATCC
ACGAGCACGGTCATAGATAGATACTTATCGACTACGATCC
ACGAGCACGGTCATAGATAGATACTTATAGACTAGGATCC

o

CTA
CTACTACTACTAATAACTGCTACTATAGATAGATAGATACT
CTACTACTACTAAACTGATAGAGATAGATAGATAGATACT
CTAGAGATAGATAGATAGATACTAGACGATAACTGCTACT
CTACTACTACTAATAACTGCTACTATAGATAGATAGATACT
CTAGAGATAGATAGATAGATAGATAACGATAACTGCTACT

w

GATA
CTAGAATAGCTAGACGATAACTGCTAGATAGATAGATAGA
CTACTAGACGATAACTGATAGATAGATATAGATAGATACT
CTAGAGATAGATAGATAGATAGATAACGATAACTGCTACT
CTAGAATAGCTAGACGATAACTGCTAGATAGATAGATAGA
CTAGAATAGATAGATAGATAGCTAGACGATACCTGCTACT

w

CTA
ATAACTGCTACTATAGATCTATAGATACTCTACTACTACTA
ATAACTGCTACTAACTGATAGAGATAGATAGATAGATACT
ATAACTGCTACTAGATAGATACTAGACGATAACTGCTACT
ATAACTGCTACTAGATAGATAGATAACGATAACTGCTACT
ATAACTGCTACTATAGATCTATAGATACTCTACTACTACTA

A DS




