Second Year Blog on Electrophoresis and DNA Fingerprinting: 18th May 2019
(This is a revision blog. It is merely a summary of some of the things that you need to know.
Everything in this blog can be found in the relevant Chapters of the two books.)
“My life changed on Monday morning at 9.05 am, 10 September 1984” said Professor Sir Alec
Jeffreys, the inventor of DNA genetic fingerprinting1, and Sir Alec’s discovery was so important to
society that I am stunned that he has still not been awarded the Nobel Prize for his pioneering work.
In the last Blog we talked about different sorts of Chromatography. Electrophoresis (which is often used
to separate proteins) and DNA Fingerprinting (which is used to separate fragments of DNA) also rely on
the separation of different substances as they migrate through a differentiating medium – but migration
in the latter takes place not because of polarity, but because charged ionic species are separated by size
while being ‘pushed’ by a current of electricity from one point in the separating medium to another point
in the medium.
I intend to divide this Blog into two Sections
Section A) Electrophoresis ( starting on this page), and
Section B) DNA Fingerprinting (starting on page 10).

Section A) ELECTROPHORESIS
Electrophoresis is used in Chemistry mainly to separate proteins, and in Forensic Science it is used to
identify DNA and, in essence, electrophoresis concerns the migration (through a gel of charged
particles) under the influence of an electric field that is created between a positive and a negative
electrode (that have been placed with the positive electrode at one end of the gel and the negative
electrode at the other end of the gel).
Yourgenome.org says “Gel electrophoresis is a technique commonly used in laboratories to separate
charged molecules like DNA, RNA and proteins according to their size”.
There are many factors that will affect the migration of a charged particle viz. the charge and the size of
the charged particle (i.e. its charge density), the isoelectric point of the particle, the shape of the particle,
its pH value, the temperature, the nature of the gel (the size of the voids therein), the voltage applied
across the gel, ...... and so on. Let us start by talking about the gel whose function in Electrophoresis is to
provide a separating medium.
The gels in Electrophoresis are bit like the “fruit jelly” that you had for your tea when you were a child,
except that electrophoretic gels are normally made either from an extract of the agarose in seaweed or else
from polyacrylamide. (If you see the initials PAGE, they stand for Polyacryl Amide Gel Electrophoresis.)
Polyacrylamide provides a more accurate gel (than seaweed gel), but it is toxic. For gels made from
agarose, the higher the concentration of agarose, the smaller will the pores in the gel be. To separate
larger molecules or larger fragments of DNA, larger pores are needed and thus a gel made from a lower
concentration of agarose will be used. Gels can be made in the lab (in a school lab, the agar could be
coated onto a piece of acetate or even onto a piece of filter paper), but for purposes of accuracy, a
range of ready-made gels can be purchased.
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As it happens my life changed on the 6th of October 1961 – the day on which I met my lovely wife .
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yourgenome.org shows the following diagram.

The gel is soaked in a buffer solution because (i) this allows a current to pass through the gel, and (ii) the
buffer controls the pH of the samples (more about this later), and (iii) it prevents the electric current from
overheating and melting the gel. The buffer must not be allowed to cover the top surface of the gel
(otherwise the samples could just migrate through the buffer rather than through the differentiating gel).
The “wells” that are shown in the diagram are indentations in the gel into which drops of the samples that
are being analysed are inserted. This serves the purpose of both separating the different samples from
each other, and it ensures that the samples travel THROUGH the gel rather than just skimming over the
top of the gel.
The power supplied to the gel box must be converted from AC (Alternating Current) to DC (Direct
Current) so that the migrating samples move in one direction only. The machine will also have the ability
to control the voltage (the lower the voltage, the more slowly will the samples migrate while the different
molecules in them are being separated).
Larger molecules/larger fragments of DNA will travel more slowly through the pores of the gel, and the
greater the charge on the molecules the faster will they migrate. Electrophoretic machines are used to
analyse DNA samples/RNA samples/proteins/and DNA plasmids2.
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A plasmid is a small, circular, double-stranded DNA molecule that is distinct from a cell's chromosomal DNA.
Proteins, however, are not negatively charged; thus, when researchers want to separate proteins using gel
electrophoresis, they must first mix the proteins with a detergent called sodium dodecyl sulphate. This treatment
makes the proteins unfold into a linear shape and coats them with a negative charge, which allows them to migrate
toward the positive end of the gel and thus be separated.
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The samples to be analysed are mixed with a colouring agent so as to allow the technician to see which
wells already have something in them (e.g. bromophenol blue has a negative charge as has DNA therefore
it will migrate in the same direction as DNA). The colouring agent is also chosen so as to be denser than
the buffer solution so that the samples to be analysed do not float out of the wells and thereby skim over
the gel in the buffer solution rather than migrate through the gel.
The machine must be switched off when the differing types of molecules in the samples have been
separated (otherwise they will all finish up at the positive electrode).
A reference medium known as a “DNA ladder” is placed in one of the wells. The ‘ladder’ will contain
DNA fragments of known lengths, and for identification purposes the pattern that the samples (that are
being analysed) make on the gel can be compared to the reference ladder.
When the components of the sample have been differentiated and the machine has been switched off, the
differentiated samples then have to be identified by dyes/radioactive labels (32P)/ fluorescent tags/
whatever, and the differentiated fragments will give a pattern something similar to that below.

Source: Alpha Laboratories
Although the machine on page 2 is a horizontal machine, vertical gel machines are not at all uncommon.
In that case, the wells would be right at the top of the gel and the fragments in the samples would migrate
downwards. Smaller fragments migrate farthest through the gel.

I have mentioned the necessity of having a buffer solution to keep the pH of the environment constant, so
let me now explain why this is necessary.
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An amino acid has an acid ‘–COOH’ end and a base ‘H2N–’ end of its molecules, and proteins consist of
long strands of joined up amino acids where the acid end of one molecule of an amino acid has joined up
with the base end of a molecule of an amino acid and thus formed a long polypeptide/protein polymer.3
The permutations/combinations that there can be from 20 different amino acids4 gives a very large
number of possible proteins that can exist in the animal kingdom, and in Chemistry, Electrophoresis
provides a quick and easy method of distinguishing one protein from another.

H

H
N
H

C

O
C

N
OH

R

H

H

H

C

O
C
OH

R

The “H ” and the “OH” are ejected/eliminated as a molecule of Water
in a condensation reaction.
A series of amino acids link up in this fashion to form a protein.
Each protein could be built up out of any of 22 amino acids.
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Two amino acids thus linked will form a “dipeptide”. More than two makes a “polypeptide”. As is
customary, “R” is any appropriate species.
If you look at a molecule of the above substance, you will see that it has no charge. How then will it
migrate from one electrode to another electrode in an electrophoresis machine? The answer is that it must
be given a charge so that it becomes an ionic species.
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The bond is called a ‘peptide’ bond (or an ‘amide bond’). Arbitrarily, a ‘polypeptide’ consists of fewer than 50
consecutive linked acid molecules (more than 50, and it mysteriously becomes a ‘protein’).
4
There were 20 recognised amino acids that make up proteins. A 21st was discovered in the 1980s and then in this
century a 22nd was discovered. However, there is an argument about stop coda regarding Selenocysteine (Sec) and
Pyrrolysine (Pyl) – and, since I not a Biologist, I am not qualified to make any worthwhile comment on this
subject.
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A Zwitterion / A Zwitter Ion
In Chemistry an “Ionic unit” such as NaCl is composed of both a positively charged cation (e.g. Na+) and
a negatively charged “anion” (e.g. Cl–), but an “ion” by itself is a species that has either a positive or a
negative charge, but not both. This is not the case with a zwitterion which can have BOTH a positive
and a negative charge within it (but each one would be at a different location in the species), and a
zwitterion can have not only both a positive and a negative charge within it, but it can have multiple
sets of positive and negative charges within it.
For the purposes of this Chapter, I shall use the definition that an acid is a proton donor and a base is a
proton acceptor, and the example that is most frequently used to illustrate a zwitterion is a molecule that
has a “–COOH” species in it and an “–NH2” species in it. Imagine, if you would, how physically large the
species RCOO– might be if “R” were a huge acid (or a fatty acid with three lots of acids attached to the
glycerol species). The beauty of the label “R” is that its size is limited only by the size of your
imagination! In the diagram overleaf, it is entirely up to you as to how big you want your “Rs” to be.
In the diagram below, the H atom is still attached to the “–COO–” part of the molecule, but it can be
dissociated as a proton. When it becomes dissociated INTERNALLY5, then the molecule will have both
a positive and a negative charge within the molecule.
In the diagram below the proton has as yet NOT been dissociated and there are no charges internally in
the molecule. The negative and positive charges that are shown are there merely to draw attention to the
delocalisation of the unhybridised π electron caused by the mesomerism involved in having two O
atoms attached to the C atom.
When talking about the “acid” and the “base” elements of zwitterions, I shall first confine myself to using
“–NH2” as the exemplar for my base6. The reason that, when talking about zwitterions, chemists tend to
use species that contain “–COOH” and “–NH2” regions is to give students who are doing Biology a good
grounding in amino-acids (and thus to give them good strong foundations for studying peptides/proteins/
genes/chromosomes/DNA/etc).
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The dashed line indicates
the delocalistion of the electron
in the acid. As yet, the positive and
negative charges do NOT exist.
They will exist only when the proton
is donated to the NH2 bit.

The lone pair on the N atom
allows it to acept a proton.
It is a base.
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Depending on the pH of the environment in which it is situated. The more acidic the environment (i.e. the lower
the pH of the environment), the more likely it is that the “–NH2” base will have accepted a proton from the
environment rather than accepting one internally, and the more alkaline the environment the more likely it is that the
“–COOH” will have donated its proton to the environment.
6
In Organic Chemistry, an Amine is a species that has an “R.CH2(NH2)” configuration.
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Please note that, at this stage, the positive and negative charges shown to the right of the diagram on p 5
do not exist in reality. There is no total separation of charge in the molecule in the “–COOH” (the acid
part of the molecule). The C atom and the H atom exist purely as O∂–, C∂+ and H∂+ species and not as ionic
entities. I have drawn it thus merely for illustrative purposes.
Just as HCl as a gas is a molecular substance and cannot become an acid/an ionic substance until it is in
an environment in which the H atom can be dissociated as a proton [normally as H3O+ in water, thus
giving HCl (aq)] viz.
HCl (g) + H2O (l) ––> H+ (aq) + Cl– (aq)
so also a ‘zwitterion’ is a molecular substance and not an ion until it is in an environment in which it can
either (i) dissociate its proton from the acid part of the molecule, here the “–COOH” region, or (ii) accept
a proton in the base part of its molecule (here the “–NH2” region)7.

H
H

O
+
:N

∂+

R

C

H

∂–

–

O ∂–

The lone pair on the N atom
allows it to acept a proton.
It is a base.

The dashed line indicates
the delocalistion of the electron
in the acid.

Here an H+ from the acid has been dissociated into the NH2 bit i.e. into the species’ own base. It has thus
now become a true ZWITTER ion8 and NOW at last the zwitterion has separate “+” and “–” bits in
it, and it will thus migrate from one electrode to another.
In essence we need to consider three different situations/three different environments in which the
zwitterion can find itself.
In an acidic environment the base part of a zwitterion will accept a proton from the acidic solution in
which it is immersed and become “–NH3”, and in a base environment the acidic part of a zwitterion will
donate a proton to its surrounding base solution and become “–COO–”, and the isoelectric point will lie
somewhere in-between those two situations. These therefore are the three different situations in which a
zwitterion can find itself viz.
- it can accept a proton and become positively charged NH3+–R–COOH
- it can donate a proton and become negatively charged NH2–R–COO–
- it can have no net overall external charge NH3+–R–COO–
(and in the third situation the positive and the negative internal charges cancel each other out externally).
And now I must introduce you to something called the Isoelectric point.
7

However, please remember that the “R” species in the zwitterion can themselves contain any number of acid and
base regions.
8
I do not want to get bogged down into discussing whether “hermaphrodite” is what it should be called.
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The Isoelectric point
Dr Ian Hunt of the University of Calgary (in his excellent Organic Chemistry web book9:
http://www.chem.ucalgary.ca/courses/350/Carey5th/Carey.html ) describes the isoelectric point as
“The isoelectronic point or isoionic point is the pH at which the amino acid does not migrate in an
electric field” because it no longer has a charge.
However, I prefer the use of the old term “isoelectric” point (instead of isoionic point) – and the
isoelectric point has a much wider usage other than just for amino-acids.
Could I now ask you to study the diagrams on pages 5 and 6 for a few moments before you read on. What
is the difference between the diagrams?
I am sure that you noticed that the molecule has now, in effect, dissociated its proton to itself.
Here the acid part of the molecule has donated a proton INTERNALLY to the base part of the molecule.
The “–COOH” part has now become “–COO–”, and the “–NH2” part has become “–NH3+”. The molecule
has behaved in the manner of both an acid and a base, but it has done so INTERNALLY.
Now you can see why in the olden days these species were designated as dipolar – but please note that at
this point, externally the species has no charge. It is ionic internally, but externally it is not ionic. It
has stopped being potentially a zwitterion and it has now actualised its potential to be a zwitterion (and
you can see therefore why chemists could not use the normal terminology of ionic and molecular, and
instead had to invent the term “zwitterion”. At this stage of its existence a zwitterion is externally not
an ionic substance, and internally it is no longer a traditional molecular substance. A new term had
to be invented for these species!
OK, let us go back to our consideration of isoelectric points – and, essentially, the zwitterion in its
current state is in the middle position of three different situations. However, at this point it would be
helpful for you to remember that pure Water is neutral at a pH of 7.0 at a temperature of 25˚ C and it is
neutral at different pH values that are determined by different temperatures10. For example,
at 0°C
pH ≈ 7.47 and at 273K water is neutral at a pH of 7.47, and
at 18°C
pH ≈ 7.11 and at 291K water is neutral at a pH of 7.11, and
at 25°C
pH ≈ 7.00 and at 298K water is neutral at a pH of 7.0, and
at 50°C
pH ≈ 6.61 and at 323K water is neutral at a pH of 6.61, and
at 100°C
pH ≈ 6.12 and at 373K water is neutral at a pH of 6.12.
The message that you will have taken away from the above is that the pH value of neutral water depends
on the temperature, and you will therefore then easily see that the position of neutrality for a zwitterion
can depend on the pH of the environment in which it finds itself – and, in fact, that is precisely one of
the things on which it depends.
It will now be obvious to you that the environment in which the protein finds itself during Electrophoresis
must be one that DOES NOT alter its net overall charge. THAT is one of the main reasons why there
HAS to be a buffer solution in Electrophoresis. A change in the net overall charge would affect its
migration through the (agarose or polyacrylamide) gel.

9

In conjunction with Francis Carey who, until he retired, was Prof of Chemistry at the University of Virginia
(USA).
10
You will find a detailed discussion of this in the Chapter on Equilibrium Constants in Inorganic Chemistry.
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The Hydrolysis of Proteins
Proteins, as I have already said, are made up of amino acids and break down naturally over hundreds (if
not even thousands) of years. However this process can be speeded up into 24 hours by hydrolysis
(the opposite of a condensation reaction) with conc. HCl (aq) at about 110˚C (but see below).
If the polypeptide/protein had been made up of just one type of acid molecule, then the polypeptide/
protein would be broken into the constituent protonated acid monomer molecules
NH2–R–COOH
After neutralisation, all the different amino acids in the protein can be identified by Electrophoresis.
Jim Clark of chemguide points out that the hydrolysis can be speeded up into less than half an hour
“ ..... if Protein samples are placed in tubes in a sealed container containing 6 M (mol dm–3) hydrochloric
acid in an atmosphere of nitrogen. The whole container is then placed in a microwave oven for about 5 30 minutes (depending on the protein) with temperatures up to 200°C. The hydrochloric acid vaporises,
comes into contact with the protein samples and hydrolyses them. This method is used to hydrolyse small
samples of protein during protein analysis.
Source: https://www.chemguide.co.uk/organicprops/aminoacids/proteinhydrolysis.html

Fused silica capillary electrophoresis (FSCE)/Capillary Electrophoresis (CE)
Chromatography uses capillary action, but in contrast to Chromatography, in Electrophoresis it is the
influence of an electric field (and not capillary action) that creates the separation of the different species
to be analysed. A second difference between Electrophoresis and Chromatography is that where capillary
action is exploited, this is the result of the surface tension between the mobile phase and the inner surface
of the capillary tube. In electrophoresis, the movement of the species to be analysed is caused by electroosmosis.
All that you need to know about FSCE/CE (in Electrophoresis as opposed to Chromatography) is that it is
used to separate enantiomers. The following diagram is a very simplified schema of the workings of
FSCE/CE. (The capillary tubes are very thin and can easily be bent into position.)
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Source: T G Chasteen
Mr Chasteen says the following

(The above is Mr Chasteen’s English and not mine.)
FSCE/CE is not used in school labs because it is too dangerous. Voltages of the order of 30,000 volts are
used in such machines.
One of the great advantages of FSCE is the speed in which tiny amounts (nanolitres) of large numbers of
DNA fragments with as few as 4 base pairs in them can be separated. The separation can be achieved in a
matter of just a few minutes, and in Capillary Array Electrophoresis, as many as 100 capillary tubes can
be analysed at the same time.
That brings us nicely to DNA fingerprinting.
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Section B)

GENETIC / DNA FINGERPRINTING

Most of this Section is almost entirely about Biology (the Chemistry bit comes on page 15), and since I
know nothing about Biology, all that I can do about the Biology bit is to just quote what other people say.
However, what I will do is start with the Chemistry bit that comes on page 17.
The Chemistry of Genetic Fingerprinting
The following is the sequence of steps that are followed in making a genetic fingerprint
- A sample of DNA is obtained from (the blood/semen/saliva/whatever of) a human being.
- The person’s DNA is extracted from the sample.
- An enzyme (a ‘restriction’ enzyme) is used to cut the DNA into fragments.
- The fragments are then separated by Electrophoresis according to the number of base pairs in the
fragments. (Bigger numbers of base pairs travel a shorter distance.)
- The separated fragment pattern is transferred onto a nylon membrane.
- A 32P radio-active phosphorous ‘probe’ is used to bind to the minisatellite bands of the DNA.
- An X-ray plate is then made of the 32P pattern.
- The X-ray plate is then developed and a permanent record of the DNA pattern is thus obtained.
I am not a biologist but, as far as I know, no two human beings (other than for identical twins) have
exactly the same genetic fingerprint.

<–– Short fragments travel farther than long ones.

Source: yourgenome
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The following is a very stylised DNA fingerprint from yourgenome (but in reality the fingerprint is rarely
as clear cut as this).

All the above has been simplified in order to convey the basic principles that are involved. For a forensic
scientist to convey any other impression would be totally unprofessional – and there have been some
spectacular miscarriages of justice (accidental or otherwise) in the UK from the unprofessional evidence
that has been put before the courts. (Anyone can make a professional error, but the deliberate
falsification of scientific evidence by a scientist is an action that is extremely difficult to
understand.)
Now for the Biology bit11 (and most of DNA Fingerprinting is Biology), and while you are reading the
Biology bit you may like to keep in mind that
- DNA stands for deoxyribonucleic acid. It is a chemical made up of two long molecules. The molecules
are arranged in a spiral, like a twisted ladder. It is a double helix structure.
- Genes are short sections of DNA. Leicester University says (but I have corrected the incorrect
grammar and syntax) that “A gene is a length of DNA that codes for a specific protein, e.g. one gene
will code for the protein insulin, which has an important role in helping your body to control the
amount of sugar in your blood. Genes are the basic unit of genetics. Human beings have 20,000 to
25,000 genes. These genes account for only about 3 per cent of our DNA. The function of the
remaining 97 per cent is still not clear, although scientists think it may have something to do with
controlling the gene”.
- In a cell nucleus, DNA is organised into packets of coiled strands called chromosomes. A
chromosome is a long strand of proteins and DNA that is coiled into different shapes. A human being
inherits 23 chromosomes from the father and 23 from the mother thus making 46 in all (in 23 pairs).
- Each chromosome can contain a sequence of anything up to (roughly) 250 million A/T/C/G bases, and
when a sequence of sugar molecules together with their bases and phosphates is sandwiched between a
“beginning” instruction and an “end’ instruction, then a “GENE” is obtained.

11

Since I know nothing about Biology, I would strongly urge you to read what Leicester university (the home of Professor Sir
Alec Jeffreys) says at https://www2.le.ac.uk/projects/vgec/schoolsandcolleges/topics/dnageneschromosomes.
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Wikipedia says that “DNA is a molecule composed of two chains that coil around each other to form a
double helix carrying the genetic instructions used in the growth, development, functioning, and
reproduction of all known organisms and many viruses. DNA and ribonucleic acid (RNA) are nucleic
acids, (and) alongside proteins, lipids and complex carbohydrates/polysaccharides, nucleic acids are one
of the four major types of macromolecules that are essential for all known forms of life”,
and the US National Library of Medicine says that
Deoxyribonucleic acid (DNA) “is the hereditary material in humans and almost all other organisms.
Nearly every cell in a person’s body has the same DNA. Most DNA is located in the cell nucleus (where
it is called nuclear DNA), but a small amount of DNA can also be found in the mitochondria (where it is
called mitochondrial DNA or mtDNA). Mitochondria are structures within cells that convert the energy
from food into a form that cells can use.
The information in DNA is stored as a code made up of four chemical bases: Adenine (A), Guanine (G),
Cytosine (C), and Thymine (T). Human DNA consists of about 3 billion bases, and more than 99 percent
of those bases are the same in all people. The order, or sequence, of these bases determines the
information available for building and maintaining an organism, similar to the way in which letters of the
alphabet appear in a certain order to form words and sentences.
DNA bases pair up with each other, A with T and C with G, to form units called base pairs. Each base is
also attached to a sugar molecule and a phosphate molecule. Together, a base, sugar, and phosphate are
called a nucleotide. Nucleotides are arranged in two long strands that form a spiral called a double helix.
The structure of the double helix is somewhat like a ladder, with the base pairs forming the ladder’s rungs
and the sugar and phosphate molecules forming the vertical sidepieces of the ladder.
An important property of DNA is that it can replicate, or make copies of itself. Each strand of DNA in the
double helix can serve as a pattern for duplicating the sequence of bases. This is critical when cells divide
because each new cell needs to have an exact copy of the DNA present in the old cell.”

Sir Alec Jeffreys’ University says at https://www2.le.ac.uk/departments/genetics/jeffreys/explained:
12

About DNA
- DNA is DeoxyriboNucleic Acid, the molecules in cells that determine the genetic characteristics of all
life. It takes the form of a double helix (two strands coiled together).
- DNA was first discovered in the 19th century by Miescher, from pus on bandages.
- By the 1940s scientists realised that DNA contained the code for life, and in 1953 Watson and Crick at
Cambridge University12 discovered how information was stored in DNA and transferred to the next
generation.
- In 1984 Professor Alec Jeffreys discovered the variations in DNA, unique to each individual.
Genetic fingerprints
- These exist in blood, bone, hair follicles, saliva, semen, skin and sweat.
- They are the same in every cell and retain their distinctiveness throughout a person’s life.
- Human cells contain 23 chromosomes (packets of DNA) from the father and 23 from the mother.
- Each DNA strand contains a unique sequence or code of genetic information, but while most of DNA
shows only slight variations from one person to the next13, certain areas, called ‘minisatellites’ (short
sequences of chemical building blocks) show variation in the numbers of repeat units (or stutters)
unique to each person.
- DNA information can be recovered from human and animal remains as far back as Neanderthal man14,
and has been used to solve a number of high profile mysteries from the past, including the
identification of Josef Mengele’s skeleton and the identity of US President Thomas Jefferson’s
children by one of his African “black” slaves.
- Apart from identification, paternity and immigration cases, the technique is also used in medical
research including cancer and genetic conditions such as Huntington’s disease.
Genetic fingerprinting involves...
1 the extraction of DNA,
2 using enzymes to cut the DNA into fragments some of which will contain minisatellites
3 separating the fragments according to size
4 treating the fragments with a radioactive probe which identifies shared motifs and can be captured on
X-ray film
5 The result will be a pattern of more than 30 stripes, resembling a supermarket ‘bar code’.
Genetic profiling
- This involves testing minisatellites one at a time, producing a simpler image than genetic
fingerprinting.
- It gives a pattern unique to a particular person, and it is therefore suitable for forensic cases.
- In the words of Professor Sir Alec Jeffreys, “It does not solve crimes. It establishes whether sample X
comes from person Y. It is then up to the court to interpret that in the context of other evidence in a
criminal case.”
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... based on the X-ray diffraction crystallography work that Rosalind Franklin did in the 1950s. Franklin followed
in the footsteps of the great Dorothy Crowfoot Hodgkin (Professor of Chemistry at Somerville, Oxford), and she
was herself following in the footsteps of the magnificent father and son duo, the Braggs). Franklin worked under
Maurice Wilkins at King’s College, London.
13
I believe that we share as much as 98.5% of our DNA with certain types of our blood relatives, the “apes”.
14
It is also now recognised that human beings have a significant amount of Neanderthal DNA in them.
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We now need to talk about the technicalities involved, but in order to do so we need to talk first about
DNA (the subject of genetic fingerprinting). The following is my very simple understanding of DNA. (If
you are doing ‘A’ Level Biology and my explanation is too clumsy or if I have got it wrong, then please
forgive me. I am just a simple Chemist.) As I understand it,
-

Every human body consists of some 50,000,000,000,000 (or 50 trillion)
cells
In every cell there is a
nucleus
In cells can also be found
mitochondria
In both nuclei and in mitochondria there can be found
DNA and RNA
DNA (DeoxyriboNucleic Acid) consists of the famous
double helix
and each strand of a double helix consists of a “backbone” of
nucleotides
(the ‘backbones’ are the outside edges of the helices and are coloured in light blue below)
- A nucleotide is composed of three distinctive chemical sub-units each of which is identified in the
diagram below
a) a five-carbon sugar molecule (on the purple background below),
b) a nitrogenous base on the green background below (“base” as in lone pair donor) and the two
together are called a nucleoside, and
c) a phosphate group (on the dirty-pink background below).
Please look carefully at the diagram until you have recognised each of the three. The Phosphate groups
are very easy to recognise and are on the two outside edges of the diagram below.

Source: Wikimedia
14

- The two backbones of the double helix run in opposite directions to each other i.e. they have the same
sequences, running in opposite directions along their backbones.
- The nitrogenous bases attached to one backbone are
hydrogen-bonded
to similar bases attached to the other backbone of the double helix.
- Surprisingly (given the complexity of animal organisms) there are only FOUR bases
- and they are labelled
A/T/C/G
where ‘A’ stands for
Adenine
where ‘T’ stands for
Thymine
where ‘C’ stands for
Cytosine , and
where ‘G’ stands for
Guanine
- In DNA these four bases (A/T/C/G) are always joined in
base pairs
(A with T, and G with C). Please make up a mnemonic by which you will be able to remember the
way that they join up viz. AT and CG e.g. Artistic Temperament?

- An ‘A’ base is always bonded to a ‘T’ base, and a ‘C’ base is always bonded to a ‘G’ base.
If you look closely at the diagram on page 14 you will see that ‘A’ and ‘T’ are double hydrogen
bonded whereas ‘C’ and ‘G’ are triple hydrogen bonded (and that is the reason that A bonds with T
and C with G).
- A chromosome is a long strand of DNA that is coiled into different shapes, and chromosomes exist in
pairs in human beings (one from each parent). A human being inherits 23 chromosomes from the
father and 23 from the mother thus making 46 in all (in 23 pairs). A pair of chromosomes is called an
“autosome”, and every human being has 22 autosomes (making 44 chromosomes) and female humans
have a pair of female ‘X’ chromosomes (making 23 pairs of chromosomes) while male humans have a
female ‘X’ chromosome and a male ‘Y’ chromosome (making 23 pairs of chromosomes). The Centre
for Genetics Education says that to adjust for the fact that women have two X chromosomes with lots
of genes while men have only one, one of the woman’s X chromosomes is switched off or inactivated
in each of their cells. There are very few genes on the Y chromosome and their role is mainly to make
a person male, so they are not needed in female cells.” (....... and at this stage I am well out of my
depth at this level of Biology).
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A chromosome shaped like an “X” is merely one of the 23 shapes that human chromosomes adopt.
The following are the other shapes that are adopted.

Each chromosome can contain a sequence of anything up to (roughly) 250 million A/T/C/G bases, and
when a sequence of sugar molecules together with their bases and phosphates is sandwiched between a
“beginning” instruction and an “end’ instruction, then a “GENE” is obtained. It is genes that are
responsible for the uniqueness of each human being. In comparison to a chromosome, a gene is a very
short strand of DNA, and there can be as many as 25,000 different genes in any human being.
The DNA of human beings varies by about 1-10% from that of the apes (depending on which species of
ape is being considered), and roughly 99.9% of the DNA in Mankind is common to all human beings with
only 0.1% variation between individual people. Even so, that means that there are about 3,000,000 base
pair variations between any two human beings.
As we saw earlier, the Department of Genetics at Leicester University says that ‘each DNA strand
contains a unique sequence or code of genetic information, but while most of DNA shows only slight
variation from one person to the next, certain areas, called 'minisatellites' (short sequences of chemical
building blocks) show variation in the numbers of repeat units (or stutters) unique to each person’.
(Minisatellites are about 10-60 base pairs in length.)
When we start talking about the mechanics of genetic fingerprinting you will find that we will talk about
fragments of DNA that are such-and-such base pairs (5/10/50/100 or whatever) long. Fragments of DNA
are often measured not in nano-metres but in the number of base pairs in the fragment.
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As you can therefore see, DNA does not itself contain any proteins. It contains sugar molecules,
nitrogenous bases and phosphate groups. However, what it does contain are the instructions for the
manufacture of proteins – and now we are at last back to Chemistry.
The Chemistry of Genetic Fingerprinting
The following is the sequence of steps that are followed in making a genetic fingerprint
- A sample of DNA is obtained from (the blood/semen/saliva/whatever of) a human being.
- The person’s DNA is extracted from the sample.
- An enzyme (a ‘restriction’ enzyme) is used to cut the DNA into fragments.
- The fragments are then separated by electrophoresis (as described in this Chapter) according to the
number of base pairs in the fragments. (Bigger numbers of base pairs travel a shorter distance.)
- The separated fragment pattern is transferred onto a nylon membrane.
- A 32P radio-active phosphorous ‘probe’ is used to bind to the minisatellite bands of the DNA.
- An X-ray plate is then made of the 32P pattern.
- The X-ray plate is then developed and a permanent record of the DNA pattern is obtained.
I am not a biologist but, as far as I know, no two human beings (other than for identical twins) have
exactly the same genetic fingerprint.

Short fragments travel
farther than long ones.

Source: yourgenome
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The following is a very stylised DNA fingerprint from yourgenome (but in reality the fingerprint is not as
clear cut as this).

All the above has been simplified in order to convey the basic principles that are involved.

PCR (only if your Exam Board requires you to know about PCR, cf. footnote15)
• Polymerase chain reaction, or PCR, is a laboratory technique used to make multiple copies of a
segment of DNA. PCR is very precise and can be used to amplify, or copy, a specific DNA target from
a mixture of DNA molecules. First, two short DNA sequences called primers are designed to bind to
the start and end of the DNA target. Then, to perform PCR, the DNA template that contains the target
is added to a tube that contains primers, free nucleotides, and an enzyme called DNA polymerase, and
the mixture is placed in a PCR machine. The PCR machine increases and decreases the temperature of
the sample in automatic, programmed steps. Initially, the mixture is heated to denature, or separate, the
double-stranded DNA template into single strands. The mixture is then cooled so that the primers
anneal, or bind, to the DNA template. At this point, the DNA polymerase begins to synthesize new
strands of DNA starting from the primers. Following synthesis and at the end of the first cycle, each
double-stranded DNA molecule consists of one new and one old DNA strand. PCR then continues
with additional cycles that repeat the aforementioned steps. The newly synthesized DNA segments
serve as templates in later cycles, which allow the DNA target to be exponentially amplified millions
of times (220 = 1,048,576).
If, as a Chemist, you need reminding about Electricity and Electromagnetism, then you could try reading
the Appendix to Chapter 5 in “Modern Analytical Techniques” in my Second Year book.
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I am not sure that you will need to know about PCR for UK ‘A’ Levels, but if you do then The Khan Academy
has a good (but somewhat advanced) video on PCR.
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