A First and Second Year Blog on Mitosis and Genetic Fingerprinting
(for the week commencing the 12th of January 2020)

I know next to nothing about Biology, but I am trying to learn a bit about it in order to teach it to my grandchildren. Some of this text is mine, but much of it is copied and pasted from other sources such as Wikipedia / the
US National Institutes of Health (the NIH) / genome.gov / yourgenome / the Khan Academy/ the Amoeba sisters /etc.
However, the understanding of how everything fits together is mine (and any errors are mine and mine alone).

Mitosis (“divide and multiply, divide and multiply, divide and multiply”)
• Every human being starts life as just two tiny cells (a male sperm cell that fertilises a female egg
cell/ovum) and that then grows into a 10-stone or a 20-stone (or whatever) adult. The two tiny cells do
not grow into two gigantic cells – but rather, the two tiny cells multiply and divide in a binary fashion
until an adult human has 1012 - 1016 cells in his/her body. (NB 102 = 100, and 103 = 1,000, therefore
1016 is 1 with 16 noughts after it.)
• Mitosis is all about the duplication of different types of cells (liver/kidney/heart/etc cells) so that the
relevant organ gets bigger as the child grows into an adult. Mitosis is all about DUPLICATION:
divide and multiply, divide and multiply, divide and multiply. (Duplication is the doubling of

the amount of DNA as a result of cell replication.)
• Mitosis is also concerned with tissue repair (which is just as important a function as duplication) –
and everything in Biology is important because if your body is not working properly then you could
fall ill and you might die.

Meiosis (is all about the genetics of reproduction)
Meiosis is all about the genetics of reproduction, and ordinary body/somatic cells can undergo
ONLY mitosis – not meiosis. It is germ cells that undergo meiosis.
• Physical Biology concerns itself with the gory rudimentary mechanics of reproduction, but Genetics is
all about the beautiful/intricate passing on of DNA. That is the essence of Meiosis. For some reason,
living things “want” to pass on their DNA. Clearly genes/etc cannot “want” anything (and this was the
mistake that Richard Dawkins made in using the anthropomorphic adjective “selfish”), but there is an
undeniable evolutionary biological imperative to pass on DNA – but why this should be so is not
at all clear to me.
• OK, that is enough of the Philosophy of Biology, so let us get down to examining the intricate nutsand-bolts of Mitosis (and I will consider Meiosis in a separate note).
- A body/somatic cell is different from a reproductive cell/a gamete.
- “Ploidy” is a term that refers to the number of sets of chromosomes in a cell.
- Haploid cells have only one (n=1) set of chromosomes (either all from the father or all from the
mother).
- Diploid cells have two sets (n=2, or ‘2n’ sets) of chromosomes (one from the mother and one from the
father).
- In this note I concentrate on human beings, but the process applies to most eukaryotes.
If we are considering the meiotic divisions that create gametes, then in spermatogenesis the cell which
undergoes meiosis is a primary spermatocyte, and in oogenesis (or ovogenesis) it is a primary oocyte.
Primary spermatocytes and primary oocytes are both diploid cells that undergo DNA duplication before
entering meiosis.
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(From memory, this next bit came from the US NIH in Washington DC.) DNA, the (double-helix)
structure that contains all our genetic material, is found in almost all the cells of the body and provides the
instructions that they need to grow, function, and respond to their environment. When (in Mitosis) a cell
in the body divides, it will pass on a copy of its DNA to each of its daughter cells. DNA is a long string of
paired chemical units (nucleotides) that come in four different types, with the initials A/T/C/and G :
A (for Adenine), T (for Thymine), C (for Cytosine), and G (for Guanine), and DNA carries information
organised into units called genes.
Chromosomes (the 46 tightly-wrapped packages of genetic material in our cells), are very often depicted
as X-shaped formations. In humans, the number of haploid cells (sperm and ovum cells) is 23. It is only
when the haploid cells come together in a fertilised egg that the 23 from the father and the 23 from
the mother form 23 diploid cells with 23 completed pairs (i.e. 2 x 23 =) 46 chromosomes.

NB In this diagram (as the USNLM has drawn it), there are TWO
chromosomal chromatids forming just ONE chromosome. The
number of chromosomes is counted by the number of centromeres
that there are. This representation of the shape of a chromosome is
misleading because this is not the normal shape of a chromosome.
It has this X-shape only in Mitosis and in Meiosis when the DNA
in the cell is being duplicated – otherwise the shape of a
chromosome is that on the left in the next diagram below.

Source: US National Library of Medicine
Chromosomes appear as X-shaped only when a cell is just about to divide and the entire contents of
its genome is duplicated. Normally, chromosomes are just single strands called chromatids (on the left
below), and when the cell has divided into two new cells, the chromosomes resume their normal
appearance as a single strand rather than being X-shaped. (Wikipedia describes a “chromatid” as a

chromosome that has been newly copied or the copy of such a chromosome, the two of them still
joined to the original chromosome by a single centromere, but I myself think of chromatids as
chromosomes-in-waiting, or as just-about-to-become-chromosomes-in-their-own-right.

Source: Wikipedia

In Mitosis, all the contents of a body cell (a somatic cell) are duplicated, and then the cell divides to
produce two absolutely identical (daughter) cells. Mistakes during copying, or the unequal division of the
genetic material between cells, can lead to cells that are unhealthy or dysfunctional (and may lead to
diseases such as cancer).
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Please do watch the three minute video at https://www.yourgenome.org/video/dna-replication . It contains
more information than you need, but it will give you a context for the stuff on DNA duplication/
replication that follows herein.
The mnemonic IPMAT summarises the mechanics of the different stages in which a cell duplicates its
DNA and divides into two new cells – this being how body/somatic cells grow or repair themselves in
Mitosis, and into four new cells in Meiosis. In Mitosis, during the
Interphase the cell copies its DNA in preparation for Mitosis, and during the
Prophase
each chromosome is duplicated (and 46 x 2 = 92 chromatids) and then every single-chromatid
chromosome joins with its dreplicate at the centromere to become an “X-shaped” chromosome
(and now 92 chromosomal-chromatids form just 46 chromosomes). In the
Metaphase the 46 X-shaped chromosomes line up at the centre of the cell, and then in the
Anaphase
the two chromatids in each chromosome are pulled apart, and in the
Telophase the old cell becomes pinched in the middle prior to cell division, thus beginning the
creation of two new cells that is accomplished in
Cytokinesis where the two separated bits of the duplicated DNA now form two identical daughter cells.
NB Chromosomes are counted by the number of centromeres that there are. (If you click on the link that
I have attached, you will see the extraordinarily important role that centromeres play. I am beginning to
really love Biology because everything in Biology seems to play an important role in the game! It is such
a fascinating subject.)

I personally would not call the chromatid on the left
a chromosome “copy” because it IS the (original)
chromosome that is going be duplicated. On the
right, a copy of the chromosome (a chromatidchromosome) is now joined to the original
chromosome by a centromere. The two chromatids
now make just ONE chromosome.

The centromeres on each chromatid-chromosome join together to form one centromere, and when a
chromosome is replicated/duplicated, then there will still be only 46 chromosomes because the number of
chromosomes is determined by counting the number of centromeres – and there will still be only 46
centromeres even though there are now 92 chromatids/chromatid-chromosomes.

This slide and the one
above are from the
“Amoeba Sisters”.

Mitosis duplicates body cells (for the growth of whole organs and for the growth of the animal itself from
conception to adulthood, or to repair damaged tissue), but MEIOSIS does not make diploid body cells. It
makes haploid germ cells (spermatazoa for males and oocytes for females). Many textbooks do, but
please do not confuse “sex” with “gender”. The former is an action, the latter is a state of being.
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Meiosis makes sperm cells (for males) and egg cells (for females). These cells are called gametes. Egg cells
and sperm cells do not have 46 chromosomes. They are (n=1) haploid cells that have just 23 chromosomes.
Many normal eukaryotic organisms are composed of (n=2) diploid body/somatic cells – containing one set of
23 chromosomes from each parent (and thus 2 x 23 = 46 chromosomes). However, during meiosis, the
number of chromosomes in every gamete is halved. In humans, the number of chromosomes in haploid cells
(sperm and ovum cells) is therefore (1x23=) 23, and the number of chromosomes in (n=2) diploid cells is 46
(2x23=46). It is only, in fertilisation, when a male haploid sperm cell unites with a female haploid egg
cell (often called an ovum) that the 23 chromosomes from the father and the 23 from the mother form
23 PAIRS of chromosomes, thus making 46 chromosomes. As with Mitosis, before Meiosis can start, the
Chromosomes in a cell must first be duplicated/duplicated, and then, after duplication there will be 46
chromosomes with 92 chromatids. (In Meiosis a second lot of cell division will then follow on from the first lot
of cell division.) On the following pages I will now talk in a bit more detail about Mitosis and Meiosis.

Mitosis is a process where a single body/somatic diploid cell divides into two identical daughter cells.
(This is cell division).
•

•
•

During mitosis one cell divides once to form two identical daughter cells. In contrast, in meiosis
there are TWO lots of cell division producing four haploid cells (sperm cells for males and one
big new egg cell for females). The three other female cells (polar bodies), in effect, become
discarded.
The major purpose of mitosis is for growth of an organ and to replace worn-out cells and to repair
damaged ones.
If not corrected in time, mistakes made during mitosis can result in changes in the DNA that can
potentially lead to genetic disorders.

The major part of the following text comes from the Welcome-Sanger-EMBL collaboration
“yourgenome”. Mitosis is divided into five phases summed up in the mnemonic IPMAT.

1. Interphase:
•

The DNA in a cell is copied in preparation for cell division, and this results in two identical full
sets of chromosomes. The little diagramme overleaf (from the NIH in Washington), shows the 22
sets/pairs of autosomal chromosomes possessed by every single human being – and by
convention, the longest pair of autosomes is given the designation “1” and the shortest pair is given
the designation “22”, and the 23rd pair of chromosomes is given by the “X” and “Y” chromosomes
that determine the gender1 of a human being. (Females have two “X” chromosomes and males have
an “X” and a “Y” chromosome.) In each pair of chromosomes, the chromosomes on the left of
each pair depicted overleaf comes from one parent, while the chromosomes on the right of each
pair come from the other parent. In the Interphase of Mitosis, every single one of these 46
chromosomes is duplicated, thus giving 92 chromatid-chromosomes (23 x 2 from one parent = 46,
and 23 x 2 from the other parent = 46, and 46 + 46 = 92 chromatid-chromosomes). This is not
what happens in Interphase 1 in Meiosis, where duplication takes place of the 23 PAIRS of
chromosomes thus also giving rise to 46 chromosomes! (In Meiosis, there are two lots of cell
division, and thus there is a complicated sequence of IPMAT1 and IPMAT2.)

1

The use of the word “sex” (as in “sex” chromosomes) is totally incorrect in the context of Mitosis. Sex does not
enter the equation anywhere in Mitosis (and only very very distantly even in Meiosis). “Sex”, which is short for
“sexual intercourse”, is covered by Physical Biology, while the passing on of DNA belongs in the realm of Genetic
Biology. A female human being actually produces her haploid gametes while she is still inside her mother’s womb
i.e. BEFORE she is even born! “Sex” therefore just does not even remotely enter into such an equation!
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Despite the label, these are NOT
“sex” chromosomes. They do not
help you to have “sex” (or we
would all be clamouring for such
chromosomes). They are instead
“gender” chromosomes! They
determine your gender.

• Outside of the nucleus are two centrosomes, each consisting of a pair of centrioles2 situated at
right angles to each other and surrounded by a shapeless mass of dense material, called the
pericentriolar material. These structures are critical for the process of cell division in animals.
• During interphase, the centrosomes move to opposite ends of a cell, and then microtubules extend
from the centrioles in the centrosomes and grab hold of the centromeres in the cell.
2. Prophase:
• In the Prophase, the chromosomes condense into X-shaped structures that can be seen easily under
a microscope. (This is how chromosomes are often depicted viz. with an X-shape, but that is not
their “normal” shape. “Normally” there are 46 individual chromatid-chromosomes (as shown
above). It is in Interphase that the 46 individual chromosomes become duplicated and then the two
twin chromatid-chromosomes are joined together by their centromeres to form a single X-shaped
chromosome.)
• After the duplication that occurs in Interphase, there are now not 92 chromosomes but still only
46 chromosomes. This is because chromosomes are counted by the number of centromeres, and
since a chromosome and its duplicate are joined by a centromere, the 92 chromatid chromosomes
are said to form just 46 chromosomes. Each of these 46 chromosomes is composed of two twin
chromatids (cf. first diagram on page 1) where each one of the two contain identical genetic
information. Chromatids (or chromatid-chromosomes) are DUPLICATES. They contain identical
DNA (and when they do not, then a human being falls ill/contracts cancer/etc).
• The chromosomes pair up so that both copies of chromosome “1” are together, both copies of
chromosome “2” are together, and so on for all the 46 chromosomes (see the diagram on the next
page).
• At the end of Prophase the membrane around the nucleus in the cell dissolves away releasing the
chromosomes.
• The spindles (from the centrioles), consisting of microtubules and other proteins, extend across the
cell to grab hold of the 92 chromatid-chromosomes. It is important to understand this fact because
the spindles will (in the Anaphase) separate the identical-twin 46 chromatid-chromosomes, and pull
one set of 46 chromatid-chromosomes to one end of the cell and the other set of 46 chromatidchromosomes to the other end of the cell so that there is then a complete set of genetic material at
EACH end of the cell (cf. the diagramme on the next page).

2

A centrosome is composed of two centrioles at right angles to each other. The centrioles are surrounded by a
shapeless mass of protein called pericentriolar material.
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3. Metaphase:
•
•
•

The chromosomes line up neatly end-to-end along the centre of the cell.
The centrosomes and their centrioles are now at opposite poles of the cell with the mitotic spindle
fibres extending from them.
The mitotic spindle fibres from the centrioles attach to each of the sister chromatid-chromosomes.

4. Anaphase:
•

The sister chromatids are then pulled apart by the spindles which pull one of each of the twin
chromatids to one pole and the other twin chromatid to the opposite pole.

5. Telophase (pronounced “teelofase”)
•
•
•

At each pole of the cell, a full set of 46 chromosomes gather together.
A membrane forms around each set of 46 chromosomes to create two new nuclei containing the
same set of genetic information.
The single cell then pinches in the middle to form two separate daughter cells each containing a
full set of chromosomes within a nucleus. This final process is known as cytokinesis.

The whole point of Mitosis is that it is an exercise in DUPLICATION by replication whereby a
body/somatic cell duplicates (identically) all its genetic information. If the two duplicate resulting
cells do not have the identical DNA as the original cell, then DISEASE WILL ALMOST
CERTAINLY follow. Cancer usually follows the incorrect/faulty duplication of DNA in Mitosis.

The next diagramme is from Genome Research Ltd.
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There are 46 chromosomes in a normal human
body cell (23 from each of the two parents). In
the Interphase of Mitosis, each of these 46
chromosomes will be duplicated and then in
Prophase they will join up at their centromeres.
This does not give 92 chromosomes, but still
gives 46 chromosomes, because chromosomes
are counted by the number of centromeres.

The centrosomes move to
opposite sides of the
nucleus to get ready to pull
the chromosomes in the
cell part.

Spindles go out and grab the chromatids.

by the centrioles in
the centrosomes.

During the Telophase the

Cytokinesis is the final bit of the process in which
the two new identical daughter cells split apart.

In MITOSIS, this gives two identical diploid cells with 46 chromosomes in each cell, while
in MEIOSIS the result is four haploid sperm cells with only 23 chromosomes in each cell for MALES,
and four haploid egg cells with only 23 chromosomes in each cell for FEMALES (three of which in
effect become discarded as ‘polar bodies’). This results in just one ‘biggish’ egg cell in females and four
much smaller sperm cells in males.

Text and illustration showing the five stages of mitosis: Genome Research Limited, but the commentary is mine.

The mnemonic for Mitosis is IPMAT : Interphase, Prophase, Metaphase, Anaphase, and Telophase
(which is followed by Cytokinesis).

The next diagram shows all the stages of the cell cycle.
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The different phases of the Cell Cycle can be summed up in the mnemonic PMAT
(You do not need this much detail at GCSE Level or possible even at ‘A’ Level, but you certainly need it if
you want to train to be become a Doctor.)

Source: Lumen Learning
In the nucleus of every human cell there are 46 Chromosomes: 23 from each parent, and each of these 46
chromosomes must be duplicated in the Interphase before Mitosis can occur. Chromosomes are counted
by the number of Centromeres (the points at which the two strands of Chromatids are joined together).
Just to remind you, Mitosis occurs so that an animal (e.g. a human being) can create more cells
i) to grow in size (you grow not because your cells get bigger, but because you have a larger number of
cells), and
ii) to repair damaged cells (e.g. when you are cut open in an operation, your organs then have to grow to
repair themselves) and to replace worn out cells.
NB In Mitosis, each cell produces two identical diploid daughter cells, but
Meiosis is where a male produces four non-identical haploid sperm cells, and a female produces four
haploid cells (three of which are ‘discarded’ as polar bodies) to form just one egg cell or ovum.
THIS is why/how siblings can be so different from each other even though they are from the same
mother and father. During sexual intercourse, a male human being can ejaculate between 40 million
and 1.25 billion distinct/different sperm cells into his female partner (and only one of these sperm
cells will ever get to fertilise the female egg cell). The statistical basis for differentiation of
individual human being is thus very powerful indeed. No two human beings in the whole 200,000
year history of the evolution of Man have ever been truly ‘identical’. We are all different from
each other.
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In conclusion, let me mix up Chemistry (of which I know a tiny amount) with Biology (of which I know next
to nothing). (Professor Sir Alec Jeffreys attended the same University as I did: Leicester University, and he
should have been granted a Nobel Laureate for his contribution to Genetic Profiling a long long time ago.)
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.”
• 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 the Biology of
DNA. (If you are doing ‘A’ Level Biology and my explanation is too clumsy, then please forgive me. I am
only a simple Chemist.) As I understand it however,
-

Every human body consists of some 50,000,000,000,000 (50 trillion) or so cells.
In every cell there is a
nucleus
as well as other organelles (very small organs) such as
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: (i) a five-carbon sugar molecule, (ii) a nitrogenous base (“base” as in a lone pair donor) and the
two together are called a nucleoside, and (iii) a phosphate group. Please look carefully at the diagram
until you have recognised each of the three. The Phosphate groups (i.e. H3PO4 that has dissociated all its
three H atoms to become PO43–) are very easy to recognise, and are on the outside edges of the diagram
below. (A and G are Purines, whilst C and T are Pyrimidines. Uracil in RNA is also a Pyrimidine.)
This looks complicated, but if you
are going to do Medicine, then you
really MUST understand DNA. It
is not a choice, it is a necessity!

For a discussion of
the significance of
the numbers “3’”
and “5’” please see
https://biology.stack
exchange.com/quest
ions/15082/whatdoes-5-and-3-meanin-dna-and-rnastrands

A and T are double hydrogen
bonded, whilst C and G are
triple hydrogen bonded (as
shown in the diagramme).

A group of (i) a Phosphate (ii) a Sugar
and (iii) a Nitrogenous Base is called a
NUCLEOTIDE, and Nucleotides ––>
form the two backbones of DNA.

The base above here is
Guanine. T, C and G
all have a “>C=O”
species in them, but A
does not do so.
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Please remember that in a skeletal formula,
you do not show the C atoms nor the H
atoms.
Source: Wikimedia (Commentary: mine)

- The two backbones of the double helix run in opposite directions to each other i.e. they have the same
sequences, but 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. (You could try pairing up boyfriends with girlfriends whom you know.)

A is always paired with
T, and C is always
paired with G – and
yet in the whole of the
history of mankind, no
two human being have
ever been identical.
(This is a statement
about likelihood from
statistical probability!)

- 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 diagramme on page 9 you will see that ‘A’ and ‘T’ are double hydrogen
bonded whereas ‘C’ and ‘G’ are triple hydrogen bonded.
• 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
then 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 = 46
chromosomes). (Despite being called “sex chromosomes”, these chromosomes have nothing
whatsoever to do with “sex”, and have everything to do with gender.) 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 now I am out of my depth at this level
of Biology).
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Chromosomes are not
normally X-shaped. They have
this configuration only when
they have been duplicated in
the Interphase prior to Mitosis
and Meiosis. In normal
circumstances, chromosomes
are single-strand chromatids.

The pairs of chromosomes are
classified by their size alone. The
largest pair of chromosomes is
given the label “1”, and the
smallest “22”. The 23rd
chromosomes are the X
chromosome (for females) and
the Y chromosome for males.

• Each chromosome can contain a sequence of anything up to (I am told) 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 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. In genetic
fingerprinting, fragments of DNA are measured not in nano-metres but in the number of base
pairs in the fragment.
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• As you can see therefore, 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 proteins3 – and now we are at last back to Chemistry. Please do watch the four
minute video at https://www.yourgenome.org/video/dna-sequencing .
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/or whatever of a human being.
- The person’s DNA is extracted from the sample.
- An enzyme (called 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 through a separation gel.)
- 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.
All this is shown very nicely on yourgenome’s https://www.yourgenome.org/video/dna-sequencing .

• 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
• The following is a very stylised DNA fingerprint from yourgenome (but in reality the
fingerprint is not as clear-cut as this).
3

Oregon State’s “openoregon” says that “The information to produce a protein is encoded in (a) cell's DNA. When
a protein is produced, a copy of the DNA is made (called mRNA) and this copy is transported to a ribosome.
Ribosomes read the information in the mRNA and use that information to assemble amino acids into proteins”.
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• 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 and sadly, deliberate) 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, sometimes by
the police, is an action that is difficult for a scientist to understand.)
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