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Applications of DNA science
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Forensics

Medicine

Agriculture

Biotech
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Introduction to DNA
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DNA (Deoxyribonucleic 
Acid)

Importance of DNA in 
living organisms

Role as the genetic 
blueprint
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DNA structure
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Double helix structure

Two long strands that coil 

around each other like a 

twisted ladder

Nucleotide components 

Phosphate group – the “backbone”

Deoxyribose sugar – connects phosphate groups 

Nitrogenous bases – connect two DNA strands

Image credit: Georgette Salieb-Beugelaar
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DNA bases & pairing
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Adenine (A) pairs with 

Thymine (T), held by 2 

hydrogen bonds

Cytosine (C) pairs with 

Guanine (G), held by 3 

hydrogen bonds

“Crick-Watson rule”

Image credit: Wikipedia
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Steps: Initiation, elongation, 

termination

Enzymes: DNA polymerase, 

helicase, ligase, etc.

DNA replication
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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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Introduction to RNA
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RNA (ribonucleic acid)

Structure

Bases

Function 
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RNA 
secondary 
structures

8Image credit: Wikipedia
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Exercise

List some differences between DNA and RNA
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Exercise 
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Why RNA uses uracil but DNA uses thymine?
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Introduction to proteins
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Proteins

Structure

Function
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Protein 
structure

The specific 3D 

structure of a 

protein determines 

its activity, stability, 

and interactions 

with other 

molecules

14Image credit: Wikipedia
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What cause protein folding
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Hydrophobic 

interactions

Hydrogen bonding

Electrostatic 

interactions
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What cause protein folding, cont’d
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Van der Waals forces

Disulfide bonds

Environmental 

conditions
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Central dogma of molecular biology
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DNA is transcribed to RNA 

RNA is translated to proteins

Image credit: cK-12 Image credit: Khan Academy
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Transcription 

Let’s watch this video together

https://www.youtube.com/watch?
v=WsofH466lqk 

And watch this video yourself

https://youtu.be/JQIwwJqF5D0 
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https://www.youtube.com/watch?v=WsofH466lqk
https://www.youtube.com/watch?v=WsofH466lqk
https://youtu.be/JQIwwJqF5D0
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Translation 

Let’s watch this video together

https://www.youtube.com/watch?
v=5bLEDd-PSTQ

And watch this video yourself 

https://youtu.be/ocAAkB32Hqs 
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https://www.youtube.com/watch?v=5bLEDd-PSTQ
https://www.youtube.com/watch?v=5bLEDd-PSTQ
https://www.youtube.com/watch?v=5bLEDd-PSTQ
https://www.youtube.com/watch?v=5bLEDd-PSTQ
https://youtu.be/ocAAkB32Hqs
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Exercise 
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Why RNA is needed?  

Why not directly translate DNA into proteins?
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Genetic code

22

A triplet code of 

nucleotides (codons) 

to encode specific 

amino acids

Start codon

ATG

Stop codons

TAA, TAG, TGA
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Reading frame
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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 

https://en.wikipedia.org/wiki/Reading_frame
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Reverse reading frame
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Forward frame reads codons on the original 5′→3′ strand

Backward frame reads codons on the reverse 

complement strand

It is still 5′→3′ 

But it's the reverse of the original coding strand
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Example 
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Original DNA sequence

5′—ATG GCC ATG TAA—3′

Reverse complement strand

5′—TTA CAT GGC CAT—3′

Reading frame-1

5′—TTA CAT GGC CAT—3′  

      ^   ^   ^   ^

      Leu-His-Gly-His
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Exercise 
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Write down the three backward reading frames of the 

DNA strand above
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Chromosomes on human genome
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Autosomes

22 pairs

Half of each pair is from 
father, half from mother

Sex chromosomes

Men have XY

Women have XX
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Sex chromosomes
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Baby inherits one sex chromosome from each parent

Mother always provides an X chromosome

Father contributes either an X or a Y

If he gives an X, baby is female (XX)

If he gives a Y, baby is male (XY)

Father determines baby’s gender ☺
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Some characteristics of human genome
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22 autosome pairs + 2 sex chromosomes

3 billion base pairs in the haploid genome

50% is repetitive regions

3% codes for proteins

Structure of 
protein-coding 

genes
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Cell division & 
genetic 
recombination

Let’s watch this video together

https://youtu.be/BlnUNmfGn7I 

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

When a sperm fertilizes an egg, 
their haploid genomes combine 
to form a diploid genome

30

Image credit: Wikipedia

https://youtu.be/BlnUNmfGn7I
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Genetic 
linkage

Let’s watch this video together

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

31

https://youtu.be/ZeATszO-6e0
https://youtu.be/ZeATszO-6e0
https://youtu.be/ZeATszO-6e0
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Exercise 
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~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%, 99.93%, or 99.95%? 

These resources may help:
https://isogg.org/wiki/Autosomal_DNA_statistics
https://www.pfizer.com/news/articles/what%E2%80%99s-y-chromosome-handed-down-father-son 

https://isogg.org/wiki/Autosomal_DNA_statistics
https://www.pfizer.com/news/articles/what%E2%80%99s-y-chromosome-handed-down-father-son
https://www.pfizer.com/news/articles/what%E2%80%99s-y-chromosome-handed-down-father-son
https://www.pfizer.com/news/articles/what%E2%80%99s-y-chromosome-handed-down-father-son
https://www.pfizer.com/news/articles/what%E2%80%99s-y-chromosome-handed-down-father-son
https://www.pfizer.com/news/articles/what%E2%80%99s-y-chromosome-handed-down-father-son
https://www.pfizer.com/news/articles/what%E2%80%99s-y-chromosome-handed-down-father-son
https://www.pfizer.com/news/articles/what%E2%80%99s-y-chromosome-handed-down-father-son
https://www.pfizer.com/news/articles/what%E2%80%99s-y-chromosome-handed-down-father-son
https://www.pfizer.com/news/articles/what%E2%80%99s-y-chromosome-handed-down-father-son
https://www.pfizer.com/news/articles/what%E2%80%99s-y-chromosome-handed-down-father-son
https://www.pfizer.com/news/articles/what%E2%80%99s-y-chromosome-handed-down-father-son
https://www.pfizer.com/news/articles/what%E2%80%99s-y-chromosome-handed-down-father-son
https://www.pfizer.com/news/articles/what%E2%80%99s-y-chromosome-handed-down-father-son
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DNA mutations
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Mutations are changes 
in DNA seq that can 
alter the genetic info 
carried by an organism

Point mutations

Chromosomal 
mutations
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Exercise 
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Mutations in which base of a codon is more likely to be 

observed in the coding region of a gene?

Explain your answer
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In the course of evolution…

37
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Exercise 

Let a = AFPHQHRVP

Let b = PQVYNIMKE

Suppose each generation differs from the previous by 1 
residue

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

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

38



Wong Limsoon, CS2220, AY2024/25

The triumph of logic

Two proteins (not) 
inheriting their 
function from a 

common ancestor 
(don’t) have very 

similar amino acid 
sequences

39
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Exercise
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How can we guess the function of a protein?

SPSTNRKYPPLPVDKLEEEINRRMADDNKLFREEFNALPACPIQATCEAASKEENKEKNR
YVNILPYDHSRVHLTPVEGVPDSDYINASFINGYQEKNKFIAAQGPKEETVNDFWRMIWE
QNTATIVMVTNLKERKECKCAQYWPDQGCWTYGNVRVSVEDVTVLVDYTVRKFCIQQVGD
VTNRKPQRLITQFHFTSWPDFGVPFTPIGMLKFLKKVKACNPQYAGAIVVHCSAGVGRTG
TFVVIDAMLDMMHSERKVDVYGFVSRIRAQRCQMVQTDMQYVFIYQALLEHYLYGDTELE
VT
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Good to read
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S.K. Ng, “Molecular biology for the practical bioinformatician”, 
Chapter 1, The Practical Bioinformatician, WSPC 2004 
https://www.comp.nus.edu.sg/~wongls/psZ/practical-bioinformatician/ch1-skintro/ch1-skintro.pdf

Important databases

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

https://www.uniprot.org/

https://www.comp.nus.edu.sg/~wongls/psZ/practical-bioinformatician/ch1-skintro/ch1-skintro.pdf
https://www.comp.nus.edu.sg/~wongls/psZ/practical-bioinformatician/ch1-skintro/ch1-skintro.pdf
https://www.comp.nus.edu.sg/~wongls/psZ/practical-bioinformatician/ch1-skintro/ch1-skintro.pdf
https://www.comp.nus.edu.sg/~wongls/psZ/practical-bioinformatician/ch1-skintro/ch1-skintro.pdf
https://www.comp.nus.edu.sg/~wongls/psZ/practical-bioinformatician/ch1-skintro/ch1-skintro.pdf
https://www.comp.nus.edu.sg/~wongls/psZ/practical-bioinformatician/ch1-skintro/ch1-skintro.pdf
https://www.comp.nus.edu.sg/~wongls/psZ/practical-bioinformatician/ch1-skintro/ch1-skintro.pdf
https://ncbi.nlm.nih.gov/
https://www.uniprot.org/
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