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Applications of DNA science

Forensics

Medicine

Agriculture

Biotech
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DNA Fingerprinting: It's a technique used to identify individuals by analyzing unigue
patterns in their DNA. It's crucial in forensic investigations to match suspects with
biological evidence from crime scenes.

Criminal Justice: DMNA evidence plays a pivotal role in solving crimes, exonerating

innocent individuals, and providing accurate identification in legal cases.

Personalized Medicine: DMNA analysis allows tailoring medical treatments to individual
genetic profiles, enabling more effective and precise therapies.
Genetic Testing: It helps in identifying genetic predispositions to diseases, allowing for

preventive measures or early interventions.

Genetically Modified Organisms (GMOs): DIMNA science enables the modification of plant
and animal genomes to enhance traits like resistance to pests, improved nutritional

content, or increased yield.

Biopharmaceuticals: DI"NA technologies are used in producing therapeutic proteins and
vaccines, contributing to advancements in pharmaceuticals and biomedicine.
Bioremediation and Biofuels: DI'A science helps in engineering microorganisms for

cleaning up pollutants and producing renewable energy sources like biofuels.



Introduction to DNA

* DNA, short for Deoxyribonucleic Acid, is a molecule found in all living organisms,

D NA (Deoxy” bo n u CI e I C holding the genetic instructions for development, functioning, growth, and
ACld) reproduction.

It serves as the fundamental building block of life, carrying the genetic information

that determines the characteristics of an organism.

Composed of long chains of nucleotides, DNA is responsible for passing hereditary

traits from one generation to the next.

I m po rtan Ce Of D NA I n * DNA carries the genetic code that determines the traits and characteristics of an

organism, such as eye color, hair texture, susceptibility to diseases, etc.

I IVI n g O rg an Isms * It plays a pivotal role in cellular processes, including protein synthesis, cell division,

and the overall functioning of an organism's cells and systems.
* Understanding DNA helps scientists comprehend the underlying mechanisms of

inheritance, evolution, and the development of various life forms on Earth.

* DNA acts as a comprehensive instruction manual or blueprint for the development,

ROIe aS the genetic growth, and functioning of organisms.

b I u e p rl nt * It contains the information necessary for the construction and regulation of proteins,

which are essential for the structure and function of cells.
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DNA structure

Double helix structure

Two long strands that coll
around each other like a
twisted ladder

O SE _____ Nitrogen containing bases

Nucleotide components
Phosphate group _ the “backbone” Image credit: Georgette Salieb-Beugelaar
Deoxyribose sugar — connects phosphate groups

Nitrogenous bases — connect two DNA strands
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DNA bases & pairing

Adenine (A) pairs with | ——

Thymine (T), held by 2 ) <~m

hydrogen bonds K —

Phosphate

Sugar

Cyto S | ne (C) pa| s W|th Showing the arrangement of nucleotides within the 5

structure of nucleic acids: At lower left, a

G u an | n e (G) , held by 3 monophosphate nucleotide; its nitrogenous base

represents one side of a base-pair. At the upper right,

hyd rog e n bOndS four nucleotides form two base-pairs: thymine and

adenine (connected by double hydrogen bonds) and
guanine and cytosine (connected by triple hydrogen
bonds). The individual nucleotide monomers are
chain-joined at their sugar and phosphate molecules,

“C”Ck-Watson rUIe” forming two 'backbones' (a double helix) of nucleic
acid, shown at upper left.

Image credit: Wikipedia
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DNA replication

DNA replication is
the process by
which a cell makes
a copy of its DNA
before cell division

It is fundamental for
passing on genetic
traits to offsprings
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Steps: Initiation, elongation,
termination

1. Initiation: The process starts at specific points on the DNA maolecule called arigins of
replication. Enzymes unwind and separate the double helix, creating replication forks.

2. Elongation: DNA polymerase, along with other enzymes, adds complementary
nucleotides to each of the separated DMNA strands. The enzyme "reads" the existing DNA
strand and synthesizes a new strand following base-pairing rules (A-T, C-G).

2. Termination: Once the entire DMA molecule is replicated, termination occurs, and two

identical DNA molecules are formed.

Enzymes: DNA polymerase,
helicase, ligase, etc.

DMA polymerase is the primary enzyme responsible for adding new nucleotides to the
growing DMNA strand.
" Other enzymes, such as helicase, topoisomerase, and ligase, aid in unwinding, stabilizing,

and joining DMA fragments during replication.




Introduction to RNA

RNA (ribonucleic acid)

Structure

Bases

Function
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RNA (ribonucleic acid) plays a crucial role in the expression and

regulation of genetic information.

RNA is single-stranded, but it can form secondary structures

by folding onto itself. The sugar in its backbone is ribose.

RNA contains adenine (A), uracil (U) instead of thymine,

cytosine (C), and guanine (G).
mRNA (messenger RNA): Carries the genetic code from DNA

to the ribosomes for protein synthesis.

tRNA (transfer RNA): Brings the appropriate amino acids to

the ribosome during protein synthesis.

rRNA (ribosomal RNA): Forms the core of the ribosome's

structure and catalyzes protein synthesis.



RNA
secondary
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An RNA pseudoknot structure. For example,
the RNA component of human telomerase.!’]

Image credit: Wikipedia
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Exercise

List some differences between DNA and RNA

Wong Limsoon, CS2220, AY2024/25
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Introduction to proteins

Proteins

Structure

Function
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Perform a wide range of cellular functions as enzymes, structural

components, and more.

Composed of amino acids linked by peptide bonds.

Fold into specific three-dimensional shapes (primary, secondary,

tertiary, and quaternary structures).

Serve as enzymes, structural components, signaling molecules, and

transporters.

Carry out cellular processes like metabolism, cell signaling, and

immune responses.
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Proteln
structure

The specific 3D
structure of a
protein determines
Its activity, stability,

and Iinteractions
with other
molecules

Arg
Met AP % val gy lle LV“ Val Asp Leu

N-terminus

y g
B-sheet
(3 strands)

B B BT T T

phe Alaleu Gln Ser Leu L;; Leu Ala

WP

a-helix

Image credit: Wikipedia

12



What cause protein folding

Hydrophobic (water-repelling) amino acid residues tend to

Hydrophobic

|nteraCt|0nS aqueous environment. This helps stabilize the protein's core

structure and drives the formation of the protein's overall shape.

cluster together in the interior of the protein, away from the

Hydrogen bonds form between the backbone atoms of the

Hyd rogen bOﬂdIng protein and between side chains. These bonds stabilize

secondary structures, such as alpha helices and beta sheets, and

contribute to the overall folding pattern.

lonic bonds (salt bridges) and other electrostatic interactions

EIeCtrOStath between charged side chains help stabilize the protein's
|nteract|0ns structure. These interactions can occur between positively and

negatively charged residues.
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What cause protein folding, cont’d

Van der Waals forces

Disulfide bonds

Environmental
conditions

Wong Limsoon, CS2220, AY2024/25

These weak, non-specific interactions occur between all atoms,
particularly in the protein's core. While individually weak,

collectively they contribute to the stability of the folded protein.

Covalent bonds between the sulfur atoms of cysteine residues
form disulfide bridges, which stabilize the protein's tertiary and
quaternary structures by linking different parts of the polypeptide

chain.

Temperature, pH, and ionic strength of the environment can
influence protein folding. Proteins often require specific
conditions to fold correctly, and deviations from these conditions

can lead to misfolding or denaturation.
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Central dogma of molecular biology

DNA Is transcribed to RNA
RNA is translated to proteins

Protein

Translation

tRNA

- &

AN

Ribsosomes

Image credit: cK-12
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* Proteins are essential molecules that perform various functions
in cells, including structural support, enzymatic reactions, and

cellular signaling.
* The genetic code and protein synthesis are crucial for

determining an organism's traits and functionalities.

THE CENTWRAL DOGMA

TGATCTCGT
O T O O R I R R B A
T TAGAG TT

DNA
l [ToANSCAPTION |

WARNA VGAOCULUCGU

| l ) \Ln J/"l | [TRANSLATION|
Polypeptide

Image credit: Khan Academy
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Transcription

Let’s watch this video together

And watch this video yourself
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https://www.youtube.com/watch?v=WsofH466lqk
https://youtu.be/JQIwwJqF5D0

Translation

Let’s watch this video together

And watch this video yourself
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https://www.youtube.com/watch?v=5bLEDd-PSTQ
https://youtu.be/ocAAkB32Hqs

Genetic code

A triplet code of
nucleotides (codons)
to encode specific
amino acids

Start codon
ATG

Stop codons
TAA, TAG, TGA
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- b M e b

2 O o= om0 kg

T C A iz

TTT Phe [F] || TCT Ser [3] | TAT Twr [Y] | TGT Cys [C]
TTC Phe [F] | TCC Ser [3] || TAC Tyr [Y] | TGOS Cys [C]
TTa Leu [L] || TCA Ser [3] | TAL Ter [end] | TG4 Ter [end]
TTG Leu[L] | TCG Ser [3] | TAG Ter [end] | TGS Trp [W]
CTT Leu [L] || OCT Pro [F] | CAT His [H] CGT Arg [R]
CTC Lew[L] | CCCPro [P] | CAC His [H] CGC Arg [R]
CTALeu[L] |CCAPro[P] | CAL Gin[Q] CGA Arg [R]
CTGLeu[L] | CCGPro[P] | CAG Gn[Q] 2G5 Arg [R]
ATT Tle [I] | ACT Thr [T] | AAT Asn [M] | AGT Zer [2]
ATC Tle [I] | ACC Thr [T] || AAC Asn [MN] | AGT Zer [3]
ATA Te [I] | ACA Thr[T] | A&4 Tys [E] | AGA Arg [R]
ATG Met [M] | ACG Thr [T] | AAG Lys [E] | AGG Arg [R]
GIT Val[V] || GCT Ala[4] | GAT Asp [D] GGT Gly [3]
GO Val[V] | GCC Ala[4] | GAC Asp [D] | GGC Gly [G]
GTA Val[V] | GCA Ala[&] | GAL Glu [E] GGA Gly [G]
GG Val[V] | GCG Ala[4] | GAG Glu [E] GGG Gly [(G]

GPDI—]|QPDH‘QPGH|EPDH|
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Reading frame

> |AG(3|TGA|CAqCG(Z|AAG|CCT}TAT]ATT|A GC| 3

Three forward reading frames for a strand of DNA
AGG-TGA-CAC-CGC-AAG-CCT-TAT-ATT-AGC
A-GGT-GAC-ACC-GCA-AGC-CTT-ATA-TTA-GC
AG-GTG-ACA-CCG-CAA:-GCC-TTA-TAT-TAG-C

Cf. https://en.wikipedia.org/wiki/Reading frame

19
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https://en.wikipedia.org/wiki/Reading_frame

Exercise

> |AG(3|TGA|CAqCG(Z|AAG|CCT}TAT]ATT|A GC| 3

Write down the three backward reading frames of the
DNA strand above
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Chromosomes on human genome

The 22 autosomes are numbered by size. The other two chromosomes, X and Y, AUtOSO m es
are the sex chromosomes. This picture of the human chromosomes lined up in

pairs is called a karyotype. 22 pal rS

Half of each pair is from
» i< (( 20 father, half from mother

(F 20 W eI

LI D R R Sex chromosomes
‘uf '20‘ ’2! !z’ )x ‘v Men have XY

autosomes sex chromosomes

Women have XX



Some characteristics of human genome

22 autosome pairs + 2 sex chromosomes
3 billion base pairs in the haploid genome
50% Is repetitive regions

3% codes for proteins

start codon stop codon
(ATG) (TAA TAG, TGA)
’ ;
non-coding exon initial internal exon terminal exon
St ru ct u re Of (e.g.5' un_trar)nslated coding exon
region
protein-coding
RS (TAATAG,TGA
genes "

single exon gene
(no introns)
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Cell division &
genetic Let's watch this video together

recombination

https://youtu.be/BInUNM{Gn7I

At the end, one chromatid from
each chromosome goes into a
different gamete (sperm or egg),

@ W forming haploid genomes

When a sperm fertilizes an eqgg,
their haploid genomes combine
to form a diploid genome
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https://youtu.be/BlnUNmfGn7I

Genetic
linkage

Let’'s watch this video together

https://youtu.be/ZeATszO-6e0

Vermilion  Yellow White Miniature Rudimentary
eye  body 3 eyi )-ing N w<1g o
The Closer tWO Genetic map !;rjy l-]. r;’ 3 ) )
. . (cM) 00.1 3134 58
genetlc IOCI _. i‘_”“"d o Eq-ji'and m =0.003
are, the more  secomoinan — oundr o
. requencies R :'"a.ml o =0.030
likely they are - ysdv -om: -
Pk v and m =0,033
passed to next A yandm- oo
H ® 2001 Sinauver Assoclates, Inc.
generat|0n How To Map the Relative Positions of a Series of Linker;ilt}enes.?l .
together +* Generate a series of test crosses

Between all possible pair-wise combinations of available genetic markers

+* Determine Recombination Frequencies
+% Recombination X100 = Map Distance in cM
e.g., for y & w0.1% (.001) recombination (NOT 0.010) X 100 = 0.1cM
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https://youtu.be/ZeATszO-6e0

Exercise

~99.9% of the genome Is identical between two persons

Is the similarity between the genomes of you and your
father closer to 99.9%, 99.95%, or 99.93%"7

These resources may help:

Wong Limsoon, CS2220, AY2024/25
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https://isogg.org/wiki/Autosomal_DNA_statistics
https://www.pfizer.com/news/articles/what%E2%80%99s-y-chromosome-handed-down-father-son

Wong Limsoon, CS2220, AY2024/25
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DNA mutations

Mutations are changes | o
. * Causes: Mutations can be caused by exposure to radiation, certain chemicals, errors
I n D NA Seq th at Can during DMA replication, or spontaneous changes.

* Consequences: Mutations can have varying effects, from no noticeable impact to severe

alter the genetlc Info alterations in protein structure or function. Some mutations can lead to genetic disorders
Car“ed by an Organlsm or increased susceptibility to diseases.

0 5 * Substitution: One base pair is replaced by another (e.g., Ato T, Cto G).
PO I nt m Utatl O nS * Insertion: An extra nuclectide is inserted into the DMNA sequence.

* Deletion: A nucleotide is removed from the DMNA sequence.

* Deletion: A part of a chromosome is missing.

C h ro m OSO m al * Duplication: A section of a chromosome is repeated.
m utatl O n S * Inversion: A segment of a chromosome is reversed.

* Translocation: A segment of a chromosome breaks off and attaches to another

chromosome.

27
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Exercise

Mutations in which base of a codon is more likely to be
observed in the coding region of a gene?

Explain your answer

Wong Limsoon, CS2220, AY2024/25
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In the course of evolution...




Exercise

Let a = AFPHQHRVP
Let b = PQVYNIMKE

Suppose each generation differs from the previous by 1
residue

What is the max difference between the 2" generation of
a?

What is the min difference between the 2"d generation of
a and b?

Wong Limsoon, CS2220, AY2024/25
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The triumph of logic

In the course of evolution...

Two proteins (not)
inheriting their
function from a

common ancestor
(don’t) have very
similar amino acid

sequences
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Exercise

SPSTNRKYPPLPVDKLEEEINRRMADDNKLFREEFNALPACPIQATCEAASKEENKEKNR
YVNILPYDHSRVHLTPVEGVPDSDYINASFINGYQEKNKFIAAQGPKEETVNDFWRMIWE
QNTATIVMVTNLKERKECKCAQYWPDQGCWTYGNVRVSVEDVTVLVDYTVRKFCIQQVGD

VTNRKPQRLITQFHFTSWPDFGVPFTPIGMLKFLKKVKACNPQYAGAIVVHCSAGVGRTG
TFVVIDAMLDMMHS ERKVDVYGFVSRIRAQRCQMVQTDMQYVFIYQALLEHYLYGDTELE
\"Al

How can we guess the function of a protein?

Wong Limsoon, CS2220, AY2024/25
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Good to read

S.K. Ng, “Molecular biology for the practical bioinformatician”,
Chapter 1, The Practical Bioinformatician, WSPC 2004

https://www.comp.nus.edu.sqg/~wongls/psZ/practical-bioinformatician/ch1-skintro/chl1-skintro.pdf

Important databases
https://ncbi.nlm.nih.gov/

https://www.uniprot.org/
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