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Genome and DNA



Deoxyribonucleic acid (DNA)

• DNA is a nucleic acid that contains the genetic
instructions used in the development and 
functioning of all known living organisms and 
some viruses. 

• DNA is a set of blueprints needed to construct 
other components of cells, such as proteins and 
RNA molecules. 

• Two long strands makes the shape of a double
helix.

• Two strands run in opposite directions to each
other and are therefore anti-parallel.

• Chemically, DNA consists of two long polymers of
simple units called nucleotides, with backbones
made of base, sugars and phosphate groups



Sugar +Base = nucleoside 

Phosphate+ sugar + Base  = nucleotide

Nucleotide and nucleoside



• Types:- adenine and guanine (fused five- and six-membered heterocyclic compounds) –
Purines

• cytosine & thymine (six-membered rings)-Pyrimidines.
• A fifth pyrimidine base, called uracil (U), usually takes the place of thymine in RNA and 

differs from thymine by lacking a methyl group on its ring.
• PAIRING :     A =T    and   A=U

G≡C 

Bases 



DNA structure

• The DNA double helix is stabilized by hydrogen bonds between the bases attached to the two 
strands.

• One major difference between DNA and RNA is the sugar, with the 2-deoxyribose in DNA being 
replaced by the alternative pentose sugar ribose in RNA.

Ribose 



Ribonucleic acid (RNA)

• RNA is a biologically important type of molecule that consists of a long chain of 
nucleotide units.

• Each nucleotide consists of a nitrogenous base, a ribose sugar, and a phosphate.
• Uracil instead of Thymine



Central Dogma of Molecular Biology



Structure of a gene

• Promoter region
• Cap sequence (transcription initiation site)
• 5’UTR (leader sequence)
• Coding region (Exon)
• Non-coding region (Intron)
• 3’UTR (trailer sequence)
• Enhancer or silencer



Transcription

• Transcription, is the process of creating an equivalent RNA copy of a sequence of DNA.

• Transcription is the first step leading to gene expression.

DNA                                     RNA 

• During transcription, a DNA sequence is read by RNA polymerase, which produces a 
complementary, antiparallel RNA strand.

• Transcription results in an RNA complement that includes uracil (U) instead of thymine (T).
• If the gene transcribed encodes for a protein, the result of transcription is messenger RNA

(mRNA).
• This mRNA will be used to create that protein via the process of translation.
• Alternatively, the transcribed gene may encode for either rRNA or tRNA, other 

components of the protein-assembly process, or other ribozymes.

transcription

reverse transcription



DNA transcription

• DNA is read from 3' → 5' during transcription.
• The complementary RNA is created from the 5' → 3' direction. 
• Only one of the two DNA strands, called the template/non-coding strand, is used for 

transcription because RNA is only single-stranded à anti-sense
• The other DNA strand is called the coding strand à sense



RNA synthesis and maturation

• Prokaryotic genes are polycistronic i.e, 
each gene may code for more than 
one polypeptide and are under one 
promoter and one operator.

• Eukaryotic genes are monocistronic, 
i.e, each gene, under one promoter 
and one operator, codes only for a 
single protein and has only one 
initiation and a termination codon.

• Eukaryotic pre-mRNA receives a 5ʹ cap 
and a 3ʹ poly (A) tail before introns are 
removed (spliced) and the mRNA is 
considered ready for translation.



Translation

• Translation is the first stage of protein biosynthesis .

• In translation, (mRNA) produced by transcription is decoded by the 
ribosome to produce a specific amino acid chain, or polypeptide, that will 
later fold into an active protein. 

• Translation occurs in the cell's cytoplasm, where the large and small 
subunits of the ribosome are located, and bind to the mRNA.



• The ribosome facilitates decoding by inducing the binding of tRNAs with complementary anticodon
sequences to mRNA. 

• The tRNAs carry specific amino acids that are chained together into a polypeptide as the mRNA passes 
through and is "read" by the ribosome.

• the entire ribosome/mRNA complex will bind to the outer membrane of the rough endoplasmic reticulum
and release the nascent protein polypeptide inside for later vesicle transport and secretion outside of the 
cell. 

Translation process



Translation process

• AUG: start codon
• UAA, UAG, UGA: 

stop codon
• 20 amino acids





Gene expression

• How to check gene expression:
– Protein
– mRNA



Regulation of Gene expression



Genetic code 
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Genetic Variations

• The genetic variations in DNA sequences (e.g., insertions, deletions, and 
substitutions) have a major impact on genetic diseases and phenotypic 
differences.
– All humans share 99% the same DNA sequence.
– The genetic variations in the coding region may change the codon of an 

amino acid and alters the amino acid sequence. 
– Different attributes / characteristics / traits 

• how a person looks, 
• diseases he or she develops. 

• These variations can be:
– Harmless (change in phenotype)
– Harmful (diabetes, cancer, heart disease, Huntington's disease, and 

hemophilia )
– Latent (variations found in coding and regulatory regions, are not harmful on 

their own, and the change in each gene only becomes apparent under 
certain conditions e.g. susceptibility to lung cancer)



Biological Background

►How can researchers hope to identify and study all the changes that 
occur in so many different diseases?

►How can they explain why some people respond to treatment and not 
others?



‘SNP’ is the answer to these questions…

• So what exactly are SNPs? 
• How are they involved in so many different aspects of health? 



Single Nucleotide Polymorphism

• A Single Nucleotide Polymorphisms (SNP), pronounced “snip,” is a genetic 
variation when a single nucleotide (i.e., A, T, C, or G) is altered and kept 
through heredity. 

• A SNP is defined as a single base change in a DNA sequence that occurs in a 
significant proportion (more than 1 percent) of a large population. 
– SNP: Single DNA base variation found >1%
– Mutation: Single DNA base variation found <1%

C T T A G C T T

C T T A G T T T

SNP

C T T A G C T T

C T T A G T T T

Mutation

94%

6%

99.9%

0.1%
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Mutations and SNPs

Common 
Ancestor 

time present

Observed genetic variations
MutationsSNPs



SIGNIFICANCE OF SNPs

vSNPs ARE THE MOST FREQUENT FORM OF DNA VARIATIONS

vIN FINDING PREDISPOSITION TO DISEASES

v SUSCEPTIBILITY TO ENVIRONMENTAL FACTORS SUCH AS TOXINS

v IN DRUG RESPONSES

v INVESTIGATION OF MIGRATION PATTERNS

ALL THESE ASPECT WILL HELP TO LOOK FOR MEDICATION & DIAGNOSIS AT 
INDIVIDUAL LEVEL





SNP facts

►SNPs are found in 
§ coding and (mostly) noncoding regions.  

►Occur with a very high frequency
§ about 1 in 1000 bases to 1 in 100 to 300 bases. 

►The abundance of SNPs and the ease with which they can be measured make 
these genetic variations significant.

►SNPs close to particular gene acts as a marker for that gene.

►SNPs in coding regions may alter the protein structure made by that coding 
region. 

►SNPs in promoter regions can cause down/up regulation of gene expression



Single Nucleotide Polymorphism
• A SNP is usually assumed to be a binary variable.
– The probability of repeat mutation at the same SNP locus is quite small.
– The tri-allele cases are usually considered to be the effect of genotyping 

errors.

• The nucleotide on a SNP locus is called
– a major allele (if allele frequency > 50%), or
– a minor allele (if allele frequency < 50%).

A C T T A G C T T

A C T T A G C T C C: Minor allele

94%

6%

T: Major allele



Types of SNPs
http://www.ncbi.nlm.nih.gov/sites/entrez?db=snp

• Noncoding SNPs
– 5’ UTR
– 3’ UTR
– Introns
– Intergenic Regions
– Pseudogenes
– Regulatory

• Splicing
• Transcriptional regulation (promoter & TF binding sites)
• Translational regulation (initiation or termination)
• Regulatory miRNA target sites

• Coding SNPs
– Synonymous SNPs (third position variation) à no amino acid change
– Replacement SNPs (change Amino acid)

• Functional SNPs (acceptable amino acid replacement)
• Non-functional SNPs (traits & diseases)

http://www.ncbi.nlm.nih.gov/sites/entrez?db=snp


What are the effects of SNPs ?

Where Result Effect

In coding
region

May be silent, e.g.,CUU→CUG, leu in both cases. However, it may influence the
efficiency, folding, binding, and stability of the encoded proteins.

sSNP Usually no change in
phenotype

In coding  
region

May change amino acid sequence, e.g., UUC→UUA,
phe to leu, Some characterize these as the least
common and most valuable SNPs, Many being
Patented. May cause change in protein structure and function à Check by
protein modelling

cSNP Phenotype change
(may be subtle
depending on amino
acid replacement and
position)

In coding region May create a "Stop"codon, e. g., UCA→UGA,
ser to stop

Phenotype change

In promoter 
region

May affect the rate of transcription
(up-or down-regulate)

pSNP Possible phenotype
Change

Other regions May act as genetic markers for multi-component diseases. These are sometimes
called anonymous SNPs and are the most common.
Some may affect translation, splicing, efficiency to enhance or inhibit the
alternative, mRNA stability and protein function (without altering its structure)

rSNP

srSNP



SNPs may / may not alter protein structure



In one gene, there could be many SNPs

Should know:
vWhich chromosome?
vWhich gene?
vPromoter? Intron? Exon?
vCodon/nucleotide/amino acid?
vRestriction site (rs number)
vWriting:

vA/C, AàC, A72C, A>C, Arg22Pro



Example: SNP Klotho gene -395 G/A

• Chromosome 13q12 in promoter region -395
• Rs1207568
• Influence Klotho gene expression
• SNP à decreased Klotho expression à aging, CAD, and other diseases



Further analysis: Molecular docking

Human ACE2 receptor SNPs mapped to the structure of human ACE2 
receptor in complex with the SARS-CoV-2 receptor binding domain



SNP Profiles

• Each population and 
race has different SNP 
genotype

• In a research, specify 
the population à 3 
generations pedigree



SNP maps

►Sequence genomes of a large number of people

►Compare the base sequences to discover SNPs. 

►Generate a single map of the human genome 
containing all possible SNPs => SNP maps



Human Beta Hemoglobin Gene
http://www.ncbi.nlm.nih.gov/gene/3043?ordinalpos=3&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum

http://www.ncbi.nlm.nih.gov/gene/3043?ordinalpos=3&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/gene/3043?ordinalpos=3&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum


Human Beta Hemoglobin Gene SNPs

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=snp&DbFrom=gene&Cmd=Link&LinkName=gene_snp&LinkReadableName=SNP&IdsFromResult=3043&ordinalpos=NaN&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVFullReport.GeneRightColMenuLinksP'


Beta-hemoglobin GeneView in dbSNP 

http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?locusId=3043&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVFullReport.GeneRightColMenuLinksP&ordinalpos=NaN'


Diversity of One β-Hemoglobin SNP



SNPs genotyping and its interpretation

• Human cells have two homologous set of chromosome à two alleles
– Major allele (freq >50%)
– Minor allele (freq < 50%)

• Thus, SNP genotyping can be categorized into:
– Major homozygote (mostly found in population)
– Heterozygote (combination)
– Minor homozygote (less found in population)

• Ex: T>A SNP will have 3 genotypes: TT, TA, AA and 2 alleles: T and A



Example



SNP genotyping methods for detecting genes contributing to 
susceptibility or resistance to multifactorial diseases, adverse 
drug reactions: 

=> case-control association analysis

case

control

….GCCGTTGAC….
….GCCATTGAC….

….GCCATTGAC….
….GCCATTGAC….



How can we detect these SNPs? 
Can conventional PCR do it?



Techniques to detect Polymorphisms

Sequencing: Direct or NGS

PCR-Restriction Fragment Length Polymorphism

PCR-Single Strand Conformation Polymorphism

Real time PCR à TaqMan SNP genotyping assay

Allele specific PCR

PCR-with Confronting Two Pair Primers, micro array, etc



Steps on SNP detection

Blood 
collection

PBMC 
isolation

DNA 
isolation

PCR 
(conventional 

or allele 
specific or SSCP 
or CTPP or Real 

Time)

Gel 
electrophoresis

RFLP or 
Sequencing



PBMC isolation

• We can check SNPs from PBMC (Peripheral Blood Mononuclear Cells)
• Blood is collected and put into vacutainer containing EDTA
• Blood dilution - Density Gradient Cell Separation - PBMC collection and 

washes 



DNA isolation

• Past: traditional method; Present: Extraction kit (spin column)
• Removing proteins by adding a protease (optional but almost always done).
• Lysis: Disruption of cell and nuclear membrane to free DNA by lysis buffer
• Precipitating the DNA :
– separates the freed DNA from the cellular debris.
– usually ice-cold ethanol or isopropanol is used. 
– Since DNA is insoluble in these alcohols, it will aggregate together, giving a 
pellet upon centrifugation. This step also removes alcohol soluble salt. 

• Purification: removes all the remaining cellular debris and unwanted material
• Elution/resuspension: Dissolve the DNA



DNA isolation

• Isolated DNA can be quantified and qualified by spectrophotometer



Polymerase chain reaction (PCR)

• The polymerase chain reaction is an extremely versatile technique for 
copying DNA.

• PCR allows a single DNA sequence to be copied (millions of times). 
• PCR uses Taq polymerase for DNA elongation.
• What you should look for: 
– Primers: create or adopt 
– Cycle and temp
– Amplicon size

• For conventional PCR, we cannot see the result/product directly à
check using ELP



PRIMER

• A primer is a strand of nucleic acid that serves as a starting point for DNA 
synthesis. 

• These primers are usually short, chemically synthesized oligonucleotides, 
with a length of about 18-25 bp. They are hybridized to a target DNA, 
which is then copied by the polymerase. 

• Replication starts at the 3'-end of the primer, and copies the opposite 
strand.

• In most cases of natural DNA replication, the primer for DNA synthesis 
and replication is a short strand of RNA .



• Steps in PCR:
– Initial denaturation
– 30-40 cycles of:

• Denaturation
• Annealing
• Extension

– Final extension
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PCR Analysis

The process follows the principle of DNA replication 





Gel electrophoresis

• The basic principle is that DNA can be separated by 
means of an electric field. 

• Agarose or polyacrylamide?
• In agarose gel electrophoresis, DNA can be 

separated on the basis of size by running the DNA 
through an agarose gel. 

• Match the desired amplicon from PCR product 
with its fragment size (count by the ladder).

• Read under the GelDoc (UV light)
• Can also be used to check RFLP/SSCP/allele specific  

product à check the fragment length.



Direct Sequencing

►Sanger dideoxysequencing can detect any type of polymorphism and its 

position. 

►Can also detect new variants of SNP

►More accurate and gold standard

►Limitation: cost and tools

►Additional preparation steps: Purification – labelling – pre sequencing 

purification  



Example of direct sequencing result

• Chromatogram result
• Nucleotides are shown in 

different colors
• In heterozygous, there are 

two overlapped nucleotides



PCR-Restriction Fragment Length Polymorphism



PCR-RFLP

• Simple and cheap
• Digestion by restriction enzyme by incubation at a certain temp and time
• Enzyme restriction site, incubation temp and time must be right
• DNA fragments should be determined à small fragment is difficult to read



Allele-specific PCR

• Also called ‘‘PCR allele-
specific amplification’’ 
(PASA) or ‘‘amplification 
refractory mutation 
(ARMS) PCR.

• 2 primers for different 
alleles.



PCR SSCP

Polyacrylamide gel



PCR-with Confronting Two Pair Primers

• F1 and R1 for one allele, 
and F2 and R2 for the 
other allele, by which 
three different sizes of 
DNA are amplified; 
between F1 and R1, 
between F2 and R2, and 
between F1 and R2.



SNP-Haplotype

DNA Sequence

GATATTCGTACGGA-T

GATGTTCGTACTGAAT

GATATTCGTACGGA-T

GATATTCGTACGGAAT

GATGTTCGTACTGAAT

GATGTTCGTACTGAAT
SN
P

SN
P

1 
  2

   
3 

  4
   

 5
   

6

AG- 2/6(BLACK EYE)
GTA 3/6(BROWN EYE)
AGA 1/6 (BLUE EYE)

Haplotypes

Phenotype

BLACK EYE

BROWN EYE

BLACK EYE

BLUE EYE

BROWN EYE

BROWN EYE



Haplotypes

• A haplotype stands for a set of linked SNPs on the same 
chromosome.
– A haplotype can be simply considered as a binary string since each 

SNP is binary.
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SNP1 SNP2 SNP3

-A C T T A G C T T-

-A A T T T G C T C-

-A C T T T G C T C-

Haplotype 2

Haplotype 3

C A T

A T C

C T CHaplotype 1

SNP1 SNP2 SNP3





v Association of haplotype frequencies with the presence of desired phenotypic 
frequencies in the population will help in utilizing the maximum potential of SNP 
as a marker.

HAPLOTYPE CORRELATION WITH PHENOTYPE

v The “Haplotype centric” approach combines the information of adjacent SNPs 
into composite multilocus haplotypes.

v Haplotypes are not only more informative but also capture the regional LD 
information, which is assumed to be robust and powerful



Genotypes

• The use of haplotype information has been limited because the human 
genome is a diploid.
– In large sequencing projects, genotypes instead of haplotypes are 

collected due to cost consideration.
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A
C

G
T

A T

SNP1 SNP2

C G

Haplotype data
SNP1 SNP2

Genotype data

A
C

G
T

SNP1 SNP2

A   T

C   G

SNP1 SNP2



Problems of Genotypes

• Genotypes only tell us the alleles at each SNP locus.
– But we don’t know the connection of alleles at different SNP loci.
– There could be several possible haplotypes for the same genotype.
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A
C

G
T

SNP1 SNP2

Genotype data

or
A T
C G

SNP1 SNP2

A G
C T

SNP1 SNP2

A
C

G
T

SNP1 SNP2

We don’t know which 
haplotype pair is real.



Some important SNP database Resources

1. dbSNP (http://www.ncbi.nlm.nih.gov/SNP/)

LocusLink (http://www.ncbi.nlm.nih.gov/LocusLink/list.cgi)

2. TSC (http://snp.cshl.org/)

3. SNPper (http://snpper.chip.org/bio/)

4. JSNP (http://snp.ims.u-tokyo.ac.jp/search.html)

5. GeneSNPs (http://www.genome.utah.edu/genesnps/)

6. HGVbase (http://hgvbase.cgb.ki.se/)

7. PolyPhen (http://dove.embl-heidelberg.de/PolyPhen/)

OMIM (http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=OMIM)

Feb. 25. 2003  SI Hung

8. Human SNP database 

(http://www-genome.wi.mit.edu/snp/human/)



Some commonly used of other genetic markers

• RAPD (or Random amplification of polymorphic DNA)
• VNTR (or Variable number tandem repeat)
• Micro satellite polymorphism, SSR (or Simple sequence repeat)
• Transposable elements (e.g Alu elements)
• STR (or Short tandem repeat)
• SFP (or Single feature polymorphism)
• DArT (or Diversity Arrays Technology)
• RAD markers (or Restriction site associated DNA markers)



Example of polymorphism 
on transposable element 

• Human angiotensin I-converting enzyme (ACE) gene insertion/deletion 
(I/D) polymorphism

• I/D of a 287-base pair element in intron 16 of this gene
• Three genotypes with different circulating ACE level
• Correlated with many diseases, e.g cardiovascular, COVID-19, stroke





Other applications of polymorphism detection 
Other than predicting disease risk, polymorphism detection is useful for many other things:

Nutrigenomics

DNA fingerprinting in 
forensic medicine

Paternity test

Pharmacogenomics 
and precision medicine

Genetic engineering

Researches in other 
fileds



THANK YOU


