DNA (Note 4: Meiosis)
The fourth in a series of Notes that I am writing for my grandchildren,
a number of whom want to go into Medicine.

Many students find the differences in the mechanisms involved between Mitosis and Meiosis somewhat
difficult to grasp, therefore let me start by stating (as clearly as I possibly can on this front page) what I
am going to tell you in this Note.
Mitosis is a process whereby a single diploid body cell which is also called a somatic cell (the term is
derived from the Ancient Greek word “soma” meaning ‘body’) becomes 2 genetically identical body/
somatic cells, and then those 2 cells will become 4, and then 8, then 16, 32, 64, …...., 2n body/somatic
cells. It is Mitosis that is responsible for growth and repair in animals and plants.
Meiosis is completely different. Meiosis produces gametes (sperm cells in males, and egg cells in females)
and it is therefore the precursor of (i.e. it precedes) sexual intercourse and sexual reproduction. In fact, in a
female human being, Meiosis takes place while the female is still in her mother’s womb! When two human
beings participate in sexual intercourse, then a male sperm cell can (but does not always) inject itself into
and fertilise a female egg cell, and a brand new human being will be conceived – and for human beings, if
everything goes normally, then nine months later a baby will be born. By the age of 11-12, most children
will have learnt about this from their teachers at school (or from colleagues in the school playground).
In Biology, it is extremely important to understand this next bit carefully. Male sperm cells and female
egg cells are called gametes, and a haploid (‘1n’) male sperm cell will contain only that person’s DNA
(the what will after conception be the father’s DNA), while the haploid (‘1n’) female egg cell contains
only that person’s DNA (the what will after conception be the mother’s DNA).
NB “HAPLOID” (‘1n’) means that a cell contains only one set of DNA (either maternal or paternal), while
“DIPLOID” (‘2n’) means that the cell contains two sets of DNA (i.e. both maternal and paternal DNA).
When a haploid male sperm cell injects its DNA into a haploid female egg cell (i.e. both of them are
haploid), then the egg cell will now have two lots of DNA in it – therefore the fertilised egg cell (which
is called a zygote) will now be diploid. That is easy to see: the zygote must be diploid because it has two
sets of DNA (maternal and paternal) in it.
However (and this is the interesting question) haploid gametes (female egg cells and male sperm cells)
are produced not from body/somatic cells but from specialised diploid germ/germ line cells. How can this
happen ? How can a diploid germ line cell produce a haploid gamete (sperm or egg) cell – and the
answer to this is: “THAT is where Meiosis comes in!”

Meiosis is the process by which a Diploid germ cell is converted into a Haploid gamete.
Please get your head around what I have just said:

A haploid gamete is produced from a diploid germ cell.
HOW does that happen?
Well, this Note sets out to explain the mechanisms involved in the process!
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The following is a little table that I have constructed to show what goes on in Mitosis vs. Meiosis,
and in this Note I set out to explain how Meiosis works.
MITOSIS
- Where a body (or somatic) cell replicates
itself.
- Mitosis is all about duplication through
replication!
- In Mitosis, two cells that are genetically
identical will be produced.

MEIOSIS
This involves the creation (from diploid germ cells) of a haploid sperm cell in a
male and an haploid egg cell in a female. Males produce sperm cells containing
only 23 Chromatid-Chromosomes (or Chromatids), and females produce egg cells
containing a different set of only 23 Chromatids. It is only (after sexual
intercourse) when a male sperm cell fertilises a female egg cell, that then the
resultant human being will have a full set of 23 pairs of Chromatids – one set
from each one of two parents (2 x 23 = ) 46 Chromatids. A completely new and
genetically different human being is thus created.

What is happening?
A body/somatic cell reproduces itself
identically (in terms of DNA) to create more
cells to make an organ (heart/lung/ kidney/etc)
larger, or to repair an organ.

What is happening?
The process of meiosis is similar in males and females, but the results are totally
different. A man will create 4 male sperm cells, while a woman will create 4
female egg cells (but she will, in effect, ‘discard’ 3 of them as polar bodies) and
Meiosis will end up with just one female egg cell per Meiotic cell division.
Interestingly, this process occurs while a female foetus is STILL in its mother’s
womb! I will say that again: Meiosis happens while the female foetus is still in its
mother’s womb!

Number of cell divisions
Just one cell division and one PMAT.

Number of cell divisions
TWO cell divisions and two PMATs.

Is there any “crossing-over” of DNA?
NO there is NOT! There is no interchange of
chromosomal DNA between ChromatidChromosomes. Mitosis is about duplication
through replication (and this means, ignoring
mutations, the identical genetic replication) of
DNA.

Is there any “crossing-over” of DNA?
YES there is, and it is this that results in the 4 non-identical haploid cells that
form part of the basis of all individual variation in most animal species. Another
cause of variation is that a male ejects about 0.25-1.25 bn (BILLION!) non-alike
sperm cells at each ejaculation, and only one of those sperm cells will ever get to
fertilise a female egg cell. This is one of the reasons why no two human beings
are ever alike (and this is true for most Eukaryotes)!

Number of resulting cells
2 identical diploid cells. Mitosis is all about
duplication through replication.

Number of resulting cells
4 non-identical haploid cells viz. 4 male sperm cells, or 4 female egg cells (or
“ova”) three of which are in effect “discarded” as polar bodies leaving just one
female egg/ovum.

Number of Chromatids at the beginning of
the process
46! A body/somatic cell has one set of 23
Chromatids from each parent:
2 x 23 = 46 Chromatids.

Number of Chromatids at the beginning of the process
Meiosis starts with a diploid germ cell which in Interphase will duplicate a full set
of 46 Chromatids. However, more importantly, in Prophase I the Chromatids
exchange bits of their DNA in a process called “crossing-over” and
“recombination”, and this makes every single one of those 46 Chromatids
genetically different from every other one in the cell and different from every
other Chromatid that has ever been produced and will ever be produced by a
human being in the whole history of mankind! It is this that (in part) forms the
basis of variation between human beings. After the second lot of cell division in
Meiosis, reproductive cells (i.e. male sperm gametes or female egg gametes) are
haploid, and they have only 23 male Chromatids in a sperm cell, and there will
also be only 23 female Chromatids in an ovum.
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Please remember the following points about the usage of the term “Chromosome”
The term “Chromosome” is used for a number of different things in Biology, and this causes confusion amongst
students. Let me therefore point out that, in human beings, the DNA in Chromosomes exists in different forms
[and I shall here (for the sake of clarity) make some deliberate over-simplifications]
-

-

-

-

Chromatin fibre is a long strand of DNA wound around histones and packaged into nucleosomes –
(and Chromatin is often likened to beads-on-a-string) and DNA exists as Chromatin for the vast bulk
of its life.
Chromatid-Chromosomes (or “Chromatids”) are the condensed form of chromatin, and they contain
the DNA from just one of the individual’s parents i.e. either maternal DNA or paternal DNA (cf. the US
NLM diagramme on page 8).
Sister-Chromatids (cf. page 8) consist of a Chromatid and its (same parent) duplicate joined together
at their Centromeres. The two Sister-Chromatids thus form the shape of an “X” (cf. page 8)
Recombined-Chromatids, are produced when a pair of X-shaped maternal Sister-Chromatids
overlaps (crosses-over) with a a pair of X-shaped paternal Sister-Chromatids and then exchange DNA.
After that they becme Recombined -Chromatids. They can no longer be regarded as Sister-Chromatids
because they are no longer “sisters”. Every single one of the 4 Chromatids involved in the crossing-over
is now genetically different.
Homologous-Chromosomes consist of a pair of Chromatids – one from the mother of the individual,
and the corresponding one from the father of the individual.

These are deliberate over-simplifications – but they prove helpful when looking at the distinctions
between Mitosis and Meiosis.

Glossary (in alphabetical order)
Centriole

Centrioles are tubular-shaped organelles located in each centrosome.
During Anaphase I of Meiosis the Centrioles extend “spindles” to grab
hold of the Kinetochores that are attached to the Centromeres of what were
(before crossing-over and recombination) Sister-Chromatids but which
are now Recombined-Chromatids (cf. page 5), and in A1 the spindles
will pull a pair of whole genetically different X-shaped RecombinedChromatids to one end of the cell and the other pair of X-shaped
Recombined-Chromatids to the other end of the cell. However, in
Anaphase II of Meiosis, the Centrioles will pull apart not whole X-shaped
Recombined-Chromatids, but will pull apart only individual Chromatids
one to one end of the cell, and the other to the other end of the cell. The
process in A2 of Meiosis is different from the process in A1.
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Centromere

The Centromere is a sequence of DNA (i.e. in the DNA of a Chromatid)
at which a pair of Sister-Chromatids will become linked during Prophase I.
(The Centromeres are shown in light blue in the diagramme below).

It is the Centrosome (an organelle in the cytoplasm
of a cell) that contains the two Centrioles that will
extend their ‘spindles’ to attach the spindles to the
Kinetochores that are attached to Centromere.

The Centromeres
are shown in light
blue alongside.

Centrosome

The objects that look like red tubes in the first diagramme above are
Centrioles, and it is the centrosome (an organelle in the cytoplasm of a
cell) that contains the two Centrioles that will extend their ‘spindles’ to
attach the spindles to the Kinetochores that are attached to Centromeres.

Chromatid

When Chromatin fibre “condenses” into a very compressed format, then it
forms a Chromatid-Chromosome (or Chromatid). Every Chromatid will
be from either the individual’s mother (maternal Chromatid) or from the
individual’s father (paternal Chromatid). The following diagramme shows
23 pairs of Homologous-Chromatids (i.e one maternal and one paternal).

The US NLM has labelled the 23rd
set of homologous-Chromosomes
as “sex” Chromosomes. They are
in fact NOT “sex” Chromosomes.
They do not allow someone to be
“good” at sexual intercourse. The
23rd set of homologous
Chromosomes are GENDER
Chromatid-Chromosomes. Female
human beings have two “X”
Chromatids, and male human
beings have one “X” Chromatid
and one “Y” Chromatid.

Chromatin

Chromatin is a long strand/a long sequence of DNA wrapped twice around
histones and compressed into nucleosomes.

Chromosome

When biologists talk about “Chromosomes” they are referring most often to
i) Chromatid-Chromosomes, but they could also be referring to
ii) Homologous-Chromosomes (cf. below), or to
iii) Sister-Chromatids (cf. below), or to
iv) Recombined-Chromatids (cf. below).
(Biologists are insufficiently rigorous in the terminology that they use for “Chromosomes”.)

Cohesin

is a protein complex (a bit like ‘glue’) that holds together two duplicated
Chromatids in a pair of X-shaped Sister-Chromatids. Cohesin glues
replicated Sister-Chromatids together or glues Recombined-Chromatids
together until they are pulled apart in Anaphase.
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Crossing-over

In Meiosis, pairs of overlapped/crossed-over X-shaped Sister-Chromatids
exchange DNA (i.e. they ‘recombine’) to form Recombined-Chromatids.

Differentiation

is the process by which unspecialised cells become specialised. Differentiation
in cells allows a single zygote to grow into different sorts of body/somatic
cells such as heart cells/lung cells/kidney cells/etc1, whereas it is Mitosis that
allows one heart cell to grow into 2 heart cells and then into 4, 8, 16, ….. , 2n
heart cells, or else it allows a lung cell to grow into 2n lung cells, and so on.

DNA

DeoxyriboNucleic Acid is an helical structure of a double backbone made up
of (i) a Phosphate Group coupled to (ii) a Ribose sugar molecule, linked
to (iii) one of the four Nitrogenous bases: Adenine (A), Thymine (T),
Cytosine (C), and Guanine (G). DNA is a crucial substance in all living
things (and, even in viruses, either DNA or RNA is involved).

Gametes

are a human being’s reproductive cells. Female gametes are called ova or
egg cells (ovum is the singular form, and ova is the plural), and male
gametes are called sperm cells. “Sperm” is short for “spermatozoon” (the
plural for which is “spermatozoa”).

Homologous-Chromosomes A maternal Chromatid and a paternal Chromatid together make up a pair of
Homologous Chromatid-Chromosomes. There are 23 such pairs of Homologous
Chromatids in every diploid cell (cf. NLM diagramme on page 4).
Kinetochore

A Kinetochore is a protein structure that attaches to the Centromeres in
X-shaped Sister-Chromatids and in X-shaped Recombined-Chromatids.
Spindles from Centrioles (located one at each end of the cell) will then
attach to the Kinetochores and, during Anaphase II, the spindles will pull
the structures apart – one to one end of the cell, and the other to the other
end of the cell. The process in the two phases of Anaphase in Meiosis are
not the same as in Mitosis – and even in Meiosis, the structures that are
pulled apart in Anaphase I are not the same as the structures that are
pulled apart in Anaphase II.

Nucleosome

Chromatin fibre wrapped twice around a histone and then compressed into
a package of eight of such histones is called a nucleosome. Chromatin fibre
in this form is often likened to ‘beads-on-a-string’.

Ploidy
The “Ploidy” of a cell indicates the number of sets of DNA present in a cell. For human beings,
‘1n’ means that there is one set of 23 (maternal or paternal) Chromatids present e.g. as in egg cells and sperm cells.
‘2n’ means that there are two sets of Chromatids present (maternal and paternal): 2 x 23 = 46 Chromatids.
‘4n’ means that there are FOUR sets of Chromatids present (2 maternal and 2 paternal): 2 x 46 = 92 Chromatids,
and ‘4n’ will be the ploidy when replication/duplication has occurred.
Sister-Chromatids

When a Chromatid is replicated (during Interphase), then a genetically
identical Chromatid will be formed. In the Prophase of cell division, the
two Sister-Chromatidss are joined/are “glued” together by Cohesin (i.e.by
the protein complex called “cohesin”) at their Centromeres.

1

The ‘stem cells’ of an embryo are said to be “pluripotent” i.e. they can develop into any cell in the body:
https://www.yourgenome.org/facts/what-is-a-stem-cell .
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Source: bioninja
Reombined-Chromatids
When X-shaped Sister-Chromatids exchange DNA (i.e they ‘cross-over’ and ‘recombine’), then they become
Recombined-Chromatids.

X-shaped Chromosomes
In Mitosis, a pair of Sister-Chromatids i.e. a Chromatid (maternal or paternal) and its replicated/
duplicated Chromatid joined together at their Centromeres form an X-shaped Chromosome of SisterChromatids (cf. above) – but in Meiosis the X-shaped Chromatids start by being a pair of SisterChromatids (as in Mitosis) but then after the exchange of DNA that takes place during ‘crossing-over’ and
‘recombination’, the Sister-Chromatids stop being Sister-Chromatids and become an X-shaped pair of
conjoined genetically different Recombined-Chromatids.
THAT is what Meiosis is all about,
and it is one of the processes by which genetically different human beings are produced.
(We will talk about Medelian genetic variation caused by “Independent Assortment” in a later Note.)

You should have already read Note 3 in this Series (i.e. DNA Note 3: Differentiation and Mitosis), and
you should therefore know what happens in PMAT for Mitosis, but I now need to tell you that there are
some very big differences between Mitosis and Meiosis, and they are as follows.
1. Mitosis forms new body/somatic cells, but MEIOSIS forms new gametes from special cells called
germ cells or germ line cells. (“Gametes” are sperm cells in males and egg cells in females).
2. Mitosis begins and ends with genetically identical diploid2 cells, but MEIOSIS begins with a diploid
germ cell and finishes with a haploid gamete cell. A very big difference!
3. There is only one set of PMAT cell division in Mitosis, but there are TWO sets of PMAT phases/two
sets of cell division in MEIOSIS, and
4. There is no genetic variation in Mitosis but there is genetic variation in MEIOSIS, and this is caused
by the exchange of DNA caused by the crossing-over (and then the recombination of DNA) between
maternal and paternal Chromatid-Chromosomes in Meiosis.
What follows is a summary of what is going to happen in the different Phases of Meiosis: and please
remember that to produce a gamete (a sperm cell in a male or an egg cell in a female) you start with a
germ cell and not with an ordinary body/somatic cell.

2

I have told you about “ploidy in previous Notes.
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Let us now see what is going to happen in the different phases of Meiosis.
( A cell will spend 80-90% of its life in Interphase, and only 10-20% of its life I Mitosis and Meiosis.)
Interphase

- The Chromatin and Centrosomes are replicated/duplicated.
- The Chromatin starts to condense into Chromatids.

PMAT I
Prophase I
- The Chromatin in the germ cell finishes condensing into Chromatids.
- Sister-Chromatids form (and please remember that Sister-Chromatids are a Chromatid and its replica/its
duplicate Chromatid joined together at their Centromeres) (cf. page 5).
- There were 23 maternal strands of Chromatin fibre and 23 strands of paternal Chromatin fibre in the germ
cell before Interphase, therefore afer replication/duplication there are now 46 (i.e. 2 x 23 =) 46 PAIRS of
maternal Sister-Chromatids in the cell and 46 PAIRS of paternal Sister-Chromatids in the cell i.e. there
are now 92 Chromatids (NINETY-TWO CHROMATIDS) in total in the cell: 46 maternal and 46
paternal Chromatids.
- The 46 pairs of maternal (let’s say that they are the ones shown in red on page 8) and paternal (shown
in blue) Chromatids will overlap, and this overlap is shown diagrammatically – and it is this overlap
that will allow an exchange of DNA (i.e. allow “crossing-over” and “recombination” of DNA) to take
place.
To make Meiosis easier, let us imagine that we are going to investigate the production of a gamete (an egg
cell) from a female called Alice, and that Alice’s mother was called Betty and that her father was called
Charlie. These are therefore the Chromatids in Alice’s cells: one Chromatid in each pair of the 23 pairs of
Homologous-Chromatids is from Betty and one Chromatid in each pair of the 23 pairs of HomologousChromatids is from Charlie. Alice therefore has 23 maternal Chromatids and 23 paternal Chromatids in
each of her cells.
These are Alice’s Chromatids
(23 were inherited from Betty and 23 from Charlie)

“X” and “Y” are not ‘sex’ Chromosomes. They are
GENDER Chromatid-Chromosomes. “X” is the female
Chromatid, and “Y” is the male Chromatid. Female
human beings have two “X” Chromatids, while male
human beings have one “X” and one “Y” Chromatid.

Every human being inherits DNA from each parent, therefore in every non-gamete cell in her body, Alice
must have 23 Chromatids from her mother (Betty) and 23 Chromatids from her father (Charlie). The
diagramme above, shows the 23 pairs of Chromatids (and 2 x 23 = 46 Chromatids in total).
A pair of “homologous Chromosomes” is a maternal and its corresponding paternal Chromatid e.g. the
maternal and paternal Chromatids labelled “1” in the diagramme above. “Centromeres” are a part of the
DNA of a Chromatid, and Kinetochores attach to the Centromeres during Mitosis and Meiosis. (Don’t
worry about the phrase “synaptonemal complex3” until you get to Med School.)
3

The synaptonemal complex is a protein structure that forms a “bridge/a link” the maternal and the paternal SisterChromatids during Meiosis.
7

These are ALICE’s Chromatids.
The red Chromatids are a pair of
Sister-Chromatids from Betty
(Alice’s mother), while the blue
ones will be a pair of SisterChromatids from Charlie (Alice’s
father). After the two pairs of
Sister-Chromatids ‘cross-over’
they will be able to exchange bits
of their DNA in the process called
‘recombination’. The process of
DNA exchange is crucial to genetic
individuality in all species.

- During Meiosis, DNA ‘Recombination’ occurs where a pair of maternal Sister-Chromatids (i.e. the
Chromatids inherited from Alice’s mother Betty) “CROSS-OVER” with a pair of paternal SisterChromatids4 (i.e. the Chromatids inherited from Alice’s father Charlie), and THAT is the crucial
process in Meiosis and thus in Inheritance.
- Kinetochores attach to the Centromeres.
- The envelope of the nucleus disintegrates to allow spindles to be attached to the Kinetochores that
attach to the Centromeres of X-shaped Sister-Chromatids5.
- Spindles emerge from the Centrioles of the Centrosomes.
Metaphase I
- Whole pairs of what were Sister-Chromatids (but are now Recombined-Chromatids) line up in the
middle of the cell.
- Spindles now attach to the Kinetochores at the Centromeres of these former Sister-Chromatids.
Anaphase I
- In Meiosis, it is a whole pair of ‘Recombined’Chromatids’ (i.e. what were previously X-shaped
Sister-Chromatids) that gets pulled to one side of the cell while the other pair of former RecombinedChromatids will get pulled to the other end of the cell. Here then is a crucial difference between
Mitosis and Meiosis. In Mitosis, one ‘Sister’ in a pair of Sister-Chromatids will be pulled to one side
of the cell while the other Sister gets pulled to the other side of the cell. In Meiosis however, a whole
pair of ‘Recombined Chromatids’ (i.e. former X-shaped Sister-Chromatids) will get pulled to one
end of the cell while the other pair of what were Sister-Chromatids (before the ‘crossing-over’ and
‘recombination’) will get pulled to the other end of the cell.
It would be very disingenuous of me (I would, in effect, be lying) were I to say that this aspect of Meiosis
is easy to understand – but I will not lie to you. It is not easy to understand, but you WILL need to
understand it if you are serious about getting into Med School. Please get your head around it now.
Millions of students have grappled with it successfully before you – and you WILL understand the
difference after a bit of effort on your part.

4

“Chiasmata” are points at which paired Sister-Chromatids remain in contact during the first metaphase of meiosis,
and at which crossing over and the exchange of genetic material occurs between the overlapping Sister-Chromatids.
5
The DNA is inside the nucleus of the cell, but the centrosomes are outside the nucleus. They are in the cytoplasm
(and not the nucleoplasm), therefore the envelope surrounding the nucleus must break up so that the spindles that
will be thrown out by the centrosomes can attach themselves to the Kinetochores attached to the Centromeres of the
Sister-Chromatids.
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Telophase I
- The nuclear envelope reforms around each set of 46 X-shaped what were once Sister-Chromatids but
which are now ‘Recombined Chromatids’.
- The spindles have served their purpose and they are no longer needed therefore they break down.
and T1 is followed by the first Cytokinesis (the forming of a bi-lipid cell membrane around each cell.)
What has now been obtained is two new cells, each one of which has an X-shaped RecombinedChromatid in it, and each of the two Chromatids in the X-shaped Chromatid is genetically
DIFFERENT from the other.
There are 23 pairs (= 46 Chromatids) of genetically different X-shaped Recombined-Chromatids in each
of the two new cells, and we are now ready to start the second set of PMAT of Meiosis.

PMAT II
Prophase II
- Kinetochores attach to the Centromeres.
- Spindles emerge from the Centrioles of the Centrosomes.
- The envelope of the nucleus disintegrates to enable the spindles to attach to the Chromatids6.
Metaphase II
- The 23 pairs of genetically different ‘X-shaped Recombined Chromatids’ line up at the middle of the
cell, and this time in
Anaphase II
- the spindles will pull the X-shaped Recombined Chromatid-Chromosomes apart, and pull ONE of the
Chromatids in each pair to one end of the cell, and pull the other Chromatid in the pair to the other end
of the cell.
The difference between Anaphase I and Anaphase II is extraordinarily important because after A1 there
were 92 Chromatids in the cell (46 Chromatids at each end of the cell) – but after A2 there are now
ONLY 46 CHROMATIDS in each cell (23 Chromatids at each end of the cell).
Meiosis starts with 46 Chromatids in one cell and finishes with four cells
each with only 23 Chromatids in the cell!
Telophase II

- The process of reforming the cell membrane takes place

and this is followed by the second Cytokinesis after which there are now FOUR NEW CELLS. Meiosis
has resulted in one diploid germ line cell being converted into four HAPOID gamete cells.
That is Meiosis in a female (whom we called Alice)7. In a female there are four egg cells each one of
which is genetically different from the other three (but three out of these four cells will be discarded and
only one will be retained to be released, one each month in menstruation, by the female when she reaches
puberty).

6

The envelope/the membrane surrounding the nucleus is referred to as the “nuclear envelope”. DNA always resides
inside the nucleus of a cell (it is too precious to be kept anywhere else), but the centrosomes are not in the
nucleoplasm. The centrosomes are in the cytoplasm therefore the envelope surrounding the nucleus must break
down so that the spindles that will be thrown out by the centrosomes can attach themselves to the Kinetochores at
the Centromeres of the Sister-Chromatids.
7
In a male, after Meiosis, there will also be four sperm cells each one of which is genetically different from the
other three.
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Meiosis is the antecedent of (it comes before) fertilisation and conception
You already know that conception (usually) occurs during sexual intercourse (but in can be made to occur
artificially ‘in vitro8’), and you also know that conception occurs when a male gamete (a sperm cell)
impregnates and fertilises a female gamete (an ovum) – but I hope that you now see/realise/understand
where gametes come from.

Gametes are produced by the process of MEIOSIS!

A Summary of the Ploidy in Meiosis
A female egg cell contains 23 unique Chromatid-Chromosomes from the mother and it is thus haploid,
and a male sperm cell contains 23 unique Chromatid-Chromosomes from the father, and a sperm cell is
thus also haploid.
Intriguingly, therefore, both the female and the male gametes are HAPLOID even though the germ
cell/germ line cells from which they originated were DIPLOID (and the zygote that they will produce
will also be diploid) – and the process by which haploid gametes are produced from diploid germ
cells is called MEIOSIS!

THAT is what Meiosis is all about (and the above is true for plants and not just for animals)!
MITOSIS produces genetically identical speciesl9
but
MEIOSIS is the basis for the genetic difference between every animal and also every plant.

8

In vitro fertilisation (IVF) is when a couple have problems in conceiving, and a doctor will carry out the
“afrtificial” insemination of a female egg cell with a male sperm cell. This produces so-called “test-tube” babies.
9
For the moment I am ignoring mutations.
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This is what happens in Meiosis

DNA is copied in Interphase to give 92 strands of
Chromatin fibre. The Chromatin will start condensing
in Interphase, and in P1 they will initially form SisterChromatids.

In Interphase, the DNA of EACH of the 23 pairs of homologous ChromatidChromosomes is copied giving 46 pairs of Sister-Chromatids.

In P1, maternal and paternal Chromatids exchange bits
of their DNA and this is in part responsible for the
uniqueness of every single human being.

Maternal and paternal Sister-Chromatids
cross-over and then there will be 46 nonidentical X-shaped Recombined-Chromatids.

Can you see how bits of their DNA are
exchanged in the “crossing over” - look
at the colours and you will see it!

In M1, 46 pairs of non-identical
X-shaped Recombined-Chromatids
line up in the middle of the cell.

Here, whole non-identical X-shaped RecombinedChromatids are being pulled apart – one
X-shaped Recombined-Chromatid to one side of
the cell and the other X-shaped RecombinedChromatid to the opposite side of the cell.

In A1, one lot of the 23 pairs of X-shaped
Recombined-Chromatids gets pulled to one end,
and the other lot of 23 gets pulled to the other end.

This is the first cytokinesis (the process of
splitting one cell into two cells).
TWO cells now form, each having 23
X-shaped Recombined-Chromatids.

There is no second lot of DNA replication in
Meiosis! In P2 the Centrosomes take up their
positions at the ends of the cells so that they
can send out their spindles to get ready to tear
the individual Chromatids apart.

This time it is not whole X-shaped
Recombined-Chromatids that are
being dragged to opposite ends of the
cells. Instead it is just single-strand
Chromatids that are being dragged –
one lot to one end of the cell and the
other lot to the other end of the cell.
This is now the second cytokinesis.
These will be 4 sperm cells for men and 4 ova for women.
All these four haploid cells are
genetically different from each
other. In a female human
being, three of these four cells
will in effect be ‘discarded’ as
‘polar cells’.

When, after intercourse with a female partner, one of these four
male sperm cells manages to impregnate a female egg cell, then
the 23 male Chromosomes from one human being will unite with
the 23 female Chromosomes in the egg cell and together they
will form the 46 diploid Chromosomes of a brand new
UNIQUE human being.

Source: https://www.yourgenome.org/facts/what-is-meiosis
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In this diagramme from the Amoeba Sisters, in Prophase 1, a maternal Sister-Chromatid is ‘crossing-over’
with a paternal Sister-Chromatid. They will then exchange bits of their DNA in the process called
‘Reombination’. Recombination takes places at cross-over points.

Meiosis (the process whereby genetic variation is introduced)
In DNA: Note 3 we saw how a zygote develops into a blastocyst, and then into an embryo, and then into
a foetus,
zygote ––> blastocyst ––> embryo ––> foetus ––> baby
and then (for human beings) 9 months after fertilisation the mother will give birth to a baby that is a
brand new absolutely unique human being – but how can this happen, because right throughout the
whole process of mitosis, genetically identical cells are produced!
The answer to this lies in MEIOSIS – and Meiosis is a different process from Mitosis.
During ‘cellular differentiation’, the embryo will produce the cells of specialised organs such as the heart/
the lungs/the kidneys/etc – but one of the cells that is also produced is a ‘germ cell’ (also called a ‘germ
line cell’), and germ cells develop in something called gonads. The US National Institutes of Health says
that the gonads (the primary reproductive organs in animals) are the testes in males and the ovaries in
females. Testes and ovaries are responsible for producing gametes (sperm and ova) – but they also
secrete hormones (such as oestrogen in females and testosterone in males).
Mitosis converts one normal body/somatic cell into 2, 4, 8,16,….. , 2n body cells, but Meiosis converts
germ cells/germ-line cells into egg cells in females and sperm cells in males. Mitosis does not produce
the cells involved in reproduction. MEIOSIS does that!
The important thing to note is that a DIPLOID germ cell will produce a HAPLOID gamete (and in fact
it will produce four haploid cells) – and Meiosis is the process by which all genetic variation in animals
and plants is produced.
Every single Eukaryote that has ever existed/that currently exists/and that will ever exist, is genetically
different from every other one. That is not a statistical/probability-dependent phenomenon. It is the
Biological mechanisms in Meiosis that make it impossible for two individuals to be genetically identical.
Please keep it in mind that genetic variation is introduced in Meiosis, and that to do so there will be an
exchange of DNA (in the processes called “crossing-over” and “recombination”) and that in Meiosis there
will be two sets of PMAT and two sets of cell division. Meiosis will start with a diploid germ cell that
contains 23 pairs of homologous Chromatid-Chromosomes (23 from the individual’s mother and 23 from
the individual’s father = 46 Chromatid-Chromosomes in all) and it ends up with a haploid cell that contains
23 (and only 23) now absolutely UNIQUE Chromatid-Chromosomes that are not identical to any
other Chromatid-Chromosomes in the whole history of mankind.
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This difference will arise
- partly from the biology of Meiosis, but it will also arise as a result of
- the permutations and combinations that are involved in Probability in Mathematics (and this called
‘indepndent assortment’), and also from
- spatial geometry.
It might help if you now watch two videos: the first is from the Amoeba Sisters at
https://www.youtube.com/watch?v=VzDMG7ke69g
and the second is one by Paul Andersen of Bozeman Science at
https://www.youtube.com/watch?v=16enC385R0w .
Mr Anderson touches on Probability and Spatial Geometry but does not go into either in any depth (and nor
shall I, because that would take us into the Syllabus of the First Year of Med School).
Please also remember that “Sister-Chromosomes” are paired maternal or paired paternal Chromatids,
while “homologous Chromosomes” are a paired maternal-and-its-paternal-Chromatid counterpart.

Here are 23 pairs of homologous
Chromatid-Chromosomes, and
each pair consists of a maternal
and a paternal Chromatid.

Source: BioNinja

Source: US National Library of Medicine
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