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What is Marker?

Marker is a piece of 

DNA molecule that is 

associated with a certain 

trait of a organism

Morphological

Biochemical

Chromosomal

Genetic
Types of 

Markers



Animals are selected based on appearance

Eg. PIGMENTATION

Disadvantage: lack of polymorphism



Animals are selected based on biochemical 

properties

Eg. Hb, AMYLASE, BLOOD GROUPS ETC.

Disadvantage:

Sex limited

Age dependent

Influenced by environment

It covers less than 10% of genome



Animals are selected based on structural & 

numerical variations

Eg. Structural and Numerical Variations

Structural- Deletions, Insertions etc.

Numerical- Trisomy, Monosomy, Nullysomy

Disadvantage: low polymorphism



Molecular Marker

• Revealing variation at a DNA 
level

• Characteristics:
– Co-dominant expression

– Nondestructive assay

– Complete penetrance

– Early onset of phenotypic 
expression 

– High polymorphism 

– Random distribution throughout 
the genome 

– Assay can be automated



Molecular Markers

Single locus marker

Multi-locus marker

RFLP

Microsatellite

STS

DNA Fingerprinting

AFLP

RAPD



Randomly Amplified Polymorphic DNA 

(RAPD)
• PCR based marker with 10-12 base pairs

• Random amplification of several fragments

• Amplified fragments run in agarose gel detected

by EtBr

• Unstable amplification leads to poor

repeatability
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DNA Fingerprinting and DNA Typing

• Southern blots are used in forensic labs to 
identify individuals from DNA-containing 
materials

• Minisatellite DNA is a sequence of bases 
repeated several times, also called a DNA 
fingerprint

– Individuals differ in the pattern of repeats of the 
basic sequence

– The difference is large enough that 2 people have 
only a remote chance of having exactly the same 
pattern of repeats



Restriction Fragment Length Polymorphism 

(RFLP)

• Genomic DNA digested with Restriction

Enzymes

• DNA fragments separated via electrophoresis

and transfer to nylon membrane

• Membranes exposed to probes labelled with

P32 via southern hybridization

• Film exposed to X-Ray
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DNA Fingerprinting

Process is a Southern blot

• Cut the DNA under study      

with restriction enzyme

– Ideally cut on either side of 

minisatellite but not inside

• Run the digested DNA on a gel 

and blot

• Probe with labeled 

minisatellite DNA and image

– Note that real samples result in 

very complex patterns
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Forensic Uses of DNA Fingerprinting and 

DNA Typing

• While people have different DNA fingerprints, parts 

of the pattern are inherited in a Mendelian fashion

– Can be used to establish parentage

– Potential to identify criminals

– Remove innocent people from suspicion 

• Actual pattern has so many bands they can smear 

together indistinguishably

– Forensics uses probes for just a single locus

– Set of probes gives a set of simple patterns



RFLP Analysis

• RFLP = Restriction Fragment 
Length Polymorphism

• Identifies differences in the length 
of restriction fragments derived 
from similar DNA sequences

• Analyzed by Southern Blotting

• Used in gene mapping  



RFLP Analysis in Paternity Testing 

X

X

X

X

X

X

X

X











Amplified Fragment Length Polymorphism 

(AFLP)

• Restriction endonuclease digestion of DNA

• Ligation of adaptors

• Amplification of ligated fragments

• Separation of the amplified fragments via

electrophoresis and visualization

• AFLPs have stable amplification and good

repeatability





Features RFLP PCR-

RFLP

DFP RAPD Microsatellite SNP

Detection method Hybridization PCR Hybridization PCR PCR PCR

Type of 

probe/primer 

used

g DNA/

cDNA sequence of 

structural genes

Sequence 

specific 

primers

Mini satellite 

synthetic 

oligos

Arbitrarily 

design 

primer

Sequence 

specific primers

Sequence 

specific 

primers

Requirement of 

radioactivity

Yes No/Yes Yes No/Yes No/Yes No/Yes

Extant of genomic 

coverage

Limited Limited Extensive Extensive Extensive Extensive

Degree of 

polymorphisms

Low Low High Medium to 

High

High High

Phenotype 

expression

Co dominant Co 

dominant

Co dominant Co 

dominant/D

ominant

Dominant Co 

dominant

Possibility of 

automation

No Yes No Yes Yes Yes
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5.4 DNA Sequencing

• Sanger, Maxam, and Gilbert developed 2 methods for 

determining the exact base sequence of a cloned piece of 

DNA

• Modern DNA sequencing is based on the Sanger 

method and uses dideoxy nucleotides to terminate DNA 

synthesis

– The process yields a series of DNA fragments whose size is 

measured by electrophoresis

– The last base in each fragment is known as that dideoxy 

nucleotide was used to terminate the reaction

– Ordering the fragments by size tells the base sequence of the 

DNA
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Sanger Method of DNA Sequencing
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Automated DNA Sequencing

• Manual sequencing is 
powerful but slow

• Automated sequencing uses 
dideoxynucleotides tagged 
with different fluorescent 
molecules

– Products of each 
dideoxynucleotide will 
fluoresce a different color

– Four reactions are completed, 
then mixed together and run out 
on one lane of a gel



H H

dideoxyribose

DNA Sequencing by 

the Sanger Method



Human genome project
The most challenging quest ever 

undertaken by science

• Initiated in 1990

• Completed in 2003

• Estimated cost: US$ 3 billion.

• plans were ;                                                
Mapping and sequencing 

of human genome and model 
organisms, Data collection 
and distribution, Technology 
development and transfer,

• Functional genomics



Human genome project

• Sequencing procedure

– DNA Isolation

– Break the large pieces of DNA into smaller pieces    

– Make a library                                   

– Sequencing                        

– Analyze the data                                       

– Fixing the gaps













5-34

High Throughput Sequencing

• Once an organism’s genome sequence is known, very 

rapid sequencing techniques can be applied to sequence 

the genome of another member of the same species

• Produces relatively short reads or contiguous sequences 

(25-35bp or 200-300bp, depending on the method) that 

can easily be pieced together if a reference sequence is 

available
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High Throughput Sequencing

• Pyrosequencing is one example that is an automated system with 

the advantages of speed and accuracy

- nucleotides are added one by one and the incorporation of a 

nucleotide is detected by a release of pyrophosphate, which leads 

to a flash of light

• Another method (Illumina company) starts by attaching short 

pieces of DNA to a solid surface, amplifying each DNA in a tiny 

patch on the surface, then sequencing the patches together by 

extending them one nucleotide at a time using fluorescent chain-

terminating nucleotides, whose fluoresce reveals their identity
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Nick Translation

• The nick translation process 

simultaneously:

– Removes DNA ahead of a nick

– Synthesizes DNA behind nick

– Net result moves the nick in the 

5’ to 3’ direction

• Enzyme often used is E. coli

DNA polymerase I

– Has 5’ to 3’ exonuclease activity 

– Allows enzyme to degrade DNA 

ahead of the nick
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5.2 Labeled Tracers

• For many years “labeled” has been 

synonymous with “radioactive”

• Radioactive tracers allow vanishingly small 

quantities of substances to be detected

• Molecular biology experiments typically 

require detection of extremely small amounts 

of a particular substance
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Autoradiography

Autoradiography is a means of 
detecting radioactive compounds 
with a photographic emulsion

– Preferred emulsion is x-ray film

– DNA is separated on a gel and 
radiolabeled

– Gel is placed in contact with x-ray 
film for hours or days

– Radioactive emissions from the 
labeled DNA expose the film

– Developed film shows dark bands
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Autoradiography Analysis

• Relative quantity of radioactivity 

can be assessed looking at the 

developed film

• More precise measurements are 

made using a densitometer

– Area under peaks on a tracing by a 

scanner 

– Proportional to darkness of the bands 

on autoradiogram
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Phosphorimaging

This technique is more accurate in quantifying 

amount of radioactivity in a substance

– Response to radioactivity is much more linear

– Place gel with radioactive bands in contact with a 

phosphorimager plate

– Plate absorbs b electrons that excite molecules on 

the plate which remain excited until plate is scanned

– Molecular excitation is monitored by a detector
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Liquid Scintillation Counting

Radioactive emissions from a sample create photons of 

visible light are detected by a photomultiplier tube in 

the process of liquid scintillation counting

– Remove the radioactive material (band from gel) to a vial 

containing scintillation fluid

– Fluid contains a fluor that fluoresces when hit with 

radioactive emissions

– Acts to convert invisible radioactivity into visible light
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Nonradioactive Tracers

• Newer nonradioactive tracers now rival older 
radioactive tracers in sensitivity

• These tracers do not have hazards:

– Health exposure

– Handling

– Disposal

• Increased sensitivity is from use of a multiplier 
effect of an enzyme that is coupled to probe 
for molecule of interest
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Detecting Nucleic Acids With a 

Nonradioactive Probe
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5.5 Protein Engineering With Cloned Genes: 

Site-Directed Mutagenesis

• Cloned genes permit biochemical 

microsurgery on proteins

– Specific bases in a gene may be changed

– Amino acids at specific sites in the protein product 

may be altered as a result

– Effects of those changes on protein function can be 

observed
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PCR-based Site-Directed Mutagenesis



Transgenic 

Plants

Bt Corn produces 

its own pesticide

“Golden” rice with 

beta-carotene and 

extra iron

Round Up Ready 

Soybeans are resistant to 

herbicide Herbicide Tolerance, Insect 

Resistance, quality traits

Soybean, Corn, Cotton, Canola 

Tomato 



Genetically Modified 

Organisms (Transgenic)

 Introducing or modifying specific genes to 

alter the phenotype of an organism

 Transgenic: organism that contains a gene 

from another species in all of its cells

 Transgenic Animals 

 Models of Human Disease

 Produce Pharmaceuticals



Dolly - 1996



Guar: First cloned endangered species 

dies 2 days after birth

Snuppy

Cloning since Dolly

Cloning of this sort has now been 

done on cattle, pigs and mice 

also.

The success rate has improved 

considerably.







Some recombinant DNA products


