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Abstract

The computational biology field has had an enormous rise dur-
ing the past decade because of all the medical advantages it has
brought. DNA molecules, as a useful biological source, have
also had their important role in this development through ge-
netic codes and tests for diverse illnesses. Through algebraic
coding theory, a code was designed such that all strings were
distinguishable even after some mutations occur. Two new lem-
mas of binary codes allowed us to map binary codewords to
quarternary codewords such that each element of the code is
distinguishable and meet biological constraints.

Biological Background

DNA is the chemical name given to the molecule that carries
the genetic instructions for all living things. Single strands of
DNA are made up of four nucleotides: A, T, C, and G.

DNA Mutations:

•Substitution is a mutation that involves the replacement
of one genetic material for another
•Deletion is a mutation that involves the elimination of
genetic material
• Insertion is a mutation that involves the addition of genetic
material

Examples:
•Substitution: ATTGCAT → ATTACAT
•Deletion: ATTGCAT → ATT CAT
• Insertion: ATTGCAT → ATTGCATA

Key Terms

Hamming distance: The Hamming distance between two
strings (dH(s1, s2)) is defined as the number of positions in s1
that differ from s2.

s1 = (c, a, r, d, s)
s2 = (s, t, a, r, s)
dH(s1, s2) = 4

Levenshtein distance: The Levenshtein distance between
two strings (dL(s1, s2)) is defined as the minimum number of in-
sertions, deletions, and substitutions to perform on s1 to convert
it to s2.

s1 = (c, a, r, d, s)
s2 = (s, t, a, r, s)
dL(s1, s2) = 3

Code: Set of n-tuples called codewords over a collection of
symbols called an alphabet.
Linear Code: A linear code C of length n, dimension k, and
distance d is a set of elements in Fnq that satisfy the following
property:

ac1 + bc2 ∈ C for any c1, c2 ∈ C.
Additionally, any two elements in C have a Hamming distance
of at least d. The dimension k denotes the number of basis
vectors that span C.
Cyclic Code: A linear code C is called a cyclic code if C
is a cyclic set. The codeword (unr, ..., un1, u0, u1, ..., unr1) can
obtained from the word (u0, ..., un1) ∈ Fnq by cyclically shifting
r positions.
Binary Code: A binary code is a linear code [n, k, d] over F2
(i.e. all codewords are vectors that are made up of zeroes and
ones).
Valid CG content: The C and G nucleotides must make up
between 40% and 60% of the DNA sequence in all DNA strands.

Goals

To use binary codes of length n to generate elements in F n
4 to

use as DNA barcodes that have a valid CG content.
Map: Our F4→ {A, T, C,G} map is defined as
• 0→ A

• 1→ G

•α→ C

•α + 1→ T

Definition: Given a code C and ~c ∈ C, define CGwt(~c) as
the number positions in ~c that have an entry of either 1 or α.
Given an n-vector, we must satisfy CGwt(~c) ∈ [0.4n, 0.6n].

Results

The research resulted in the discovery of two lemmas.
Premise: Let C be an [n, k, d] binary code, d ≥ 0.4n and
~1 ∈ C.
Lemma 1: If ~c ∈ C such that ~c 6= ~0,~1, then CGwt(~c) ∈
[0.4n, 0.6n].
Lemma 2: If ~c1, ~c2 ∈ C such that ~c1 6= ~0,~1 and ~c2 6=
~0,~1, ~c1, ~c1 +~1, then CGwt(α~c1 + ~c2) ∈ [0.4n, 0.6n].
Example: Let ~c1, ~c2 ∈ C such that they obey our premises
listed above.
Note: Blue terms correspond to C and G nucleotides.

α~c1 = α(1, 0, 1, 1, 0, 0, 1, 0, 0, 1)
+
~c2 = (0, 1, 1, 0, 0, 0, 0, 1, 0, 1)

= (α, 1, α + 1, α, 0, 0, α, 1, 0, α + 1)
The resulting 10 element vector has a 50% CG content under
our mapping.

Additionally, we used SageMath to construct BCH codes in Fn4
(type of cyclic code) that could be used to map directly to DNA
strands. After creating this BCH code, we took the following
steps:
•Filtered out all codewords that did not have a valid CG
content
•Added every translation of these valid codewords to the set
•Constructed a new set of codewords that had Levenshtein
distance l.

With a length of n = 15 and distance l = 3, 4, our DNA barcode
set had length 24. With the same length, and a distance l = 5, 6,
our DNA barcode set had length 12.
Due to issues in the computational complexity of this process,
we could not run this code for n > 15.
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