DNA (Note 5: Genes/Mendel/Punnett Squares/Inheritance)
The fifth in a series of Notes that I am writing for my grandchildren,
a number of whom want to go into Medicine.

We have now talked about
- What DNA is
- What Chromatids/Sister-Chromatids/Homologous-Chromatids/and Recombined-Chromatids are
- What Mitosis is, and
- What Meiosis is.
We are therefore now in a position to consider Genetic Variation (and the bulk of what we talk about in
this Note will be about Mendelean Inheritance). There is an excellent series of webpages on Inheritance at
http://www.dnaftb.org/1/ (which I have used for much of my text). If you are interested in DNA and
Inheritance, then please do read the pages on that website. Please remember that every individual inherits
two copies of every gene: one maternal gene and one paternal gene: cf. diagramme below. The gene will
be located at roughly the same location on each of the corresponding homologous-chromatids.
In everything that you are going to read in this document, please keep in mind that, at conception, every
healthy human being receives twenty-three pairs of chromatid-chromosomes from his/her parents – one
set of 23 from his/her father and one set of 23 from his/her mother. For inheritance purposes therefore
you must consider which genes have been inherited from one parent and which genes have been inherited
from the other. This is as true for peas as it is for animals (but when it comes to plants we do not talk
about “fathers” and “mothers”, but instead we talk the plant’s parents/parentage).

In the diagramme alongside, there are 23 pairs of Homologous
Chromatid-Chromosomes. A female has two X Chromatids (XX),
one from her mother and one from her father, while a male has an X
and a Y chromatid (XY). Females do not have any Y chromatids,
therefore Y chromatids are always inherited from the FATHER of a
person. The Y chromatid is very small and thus has very few genes
on it.
<–– X and Y chromosomes are NOT “sex” chromosomes.
Instead, they are “gender” chromosomes! They determine your
(male or female) GENDER!

NB Americans and some British scientists use the term “sex” incorrectly. “Sex” is the shortened form of
the term “sexual intercourse”, and it is the act of physical union between a male and female of any
species that sometimes produces offspring. The purpose of ‘sex’ is to exchange DNA – but plants
exchange DNA by getting birds and bees to carry their gametes to other plants of the same species
(or the gametes may be borne on the wind to another plant). Even bacteria exchange DNA via their
‘pili’ – but the exchange of plant and bacterial DNA does not appear to be accompanied by
enjoyment (whereas ‘sex’ or ‘sexual intercourse’ is extremely enjoyable for human beings, and
appears to be a biological ‘compulsion’ for animals).
“Gender” is the term that should be used to refer to the male and the female of any species. You may have sex
during your lifetime (about 3-5,000 times during your life) – but you will have your gender ALL your life.
Before you can talk about hereditary diseases such as Huntington’s Disease or Cystic Fibrosis, you must
know how things are inherited – and that is what I have been explaining to you in the last few Notes.
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Genetically Inherited Diseases: Autosomal dominant and autosomal recessive
The following is how Wikipedia portrays the situation for both a Dominant gene and for a Recessive
gene.
In Biology, the phrase “to have a disease” is ambiguous. Therefore biologists distinguish between someone
who is only a ‘carrier’ of a disease and someone who not only has a copy of the disease in one of his/her
genes, but who displays the symptoms of the disease i.e. someone who is ‘affected’ by the disease.
“Affected” = suffers from the symptoms of the disease.
“Carrier” = the gene is present in either the maternal or the paternal Chromatid but the person is not
‘affected’ by a recessive gene disease unless both the parents carry the gene.
For a dominant gene, an “affected” person must have inherited the dominant gene (e.g. a Huntington’s
Disease gene) from at least one of its parents (and the dominant gene then ‘crowds out’ the recessive
gene). This corresponds to the ‘Yy’ situation in a Punnett box (about which we will talk later).
For a recessive gene an “affected” person is one who has inherited two recessive (“y”) genes, one
maternal and one paternal (for say Cystic Fibrosis, CF). The adults in the right-hand panel below are both
“carriers” of the recessive gene (e.g. CF) but neither is “affected” because both carry only one copy of the
gene. This corresponds to the ‘yy’ situation in a Punnett box. The daughter on the extreme right of the
panel is both a carrier and is affected, because both her parents were carriers.
The mother in the autosomal
dominant panel on the left has
inherited one Huntington’s
Disease (HD) gene.

For a recessive gene to
affect someone, BOTH the
person’s parents must be
carriers of the gene. A
person who has only one
copy of a recessive gene
will be a carrier but will
not be affected. To be
“affected” means that the
person concerned manifests
the symptoms of the
disease.

As Mendel realised, ONE
gene is all that is required to
be affected by a dominant
gene, because a dominant
gene crowds out a recessive
gene.
The mother is therefore
“affected” – and so are her
children (where “affected’
means that the person
concerned displays the
symptoms of the disease).

Source: Wikipedia (but the commentary is mine)

Please note that a dominant gene cannot skip a generation. An affected person will be present in every
generation. A recessive gene however, can skip many generations; and, for it to appear, BOTH parents
must have at least one recessive gene (cf. right hand panel in diagramme above). Both the parents in the
right hand panel above had just one copy of the (e.g. CF) gene but neither was affected. Their daughter
who has two copies of the gene is affected.
Please be very careful when using terms that have emotive content because they can cause offence.
Someone with a ‘disease’ or a ‘disorder’ may consider himself or herself to be perfectly “normal”, but it
just so happens that he/she is slightly different from other people e.g. some deaf people do not consider
deafness to be a disease (just a disadvantage) After all, nobody would say that someone with red hair has
a ‘disease’ or a ‘disorder’. The person just has red hair, that is all. (When you have become a Doctor,
please be conscious of your patient’s feelings.) Some people are very “sensitive” and take offence easily.
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These are the descriptions of some of the important things in this Note.
Genes vs Alleles
A “GENE” is a sequence of nucleotides that codes for a particular characteristic (let’s say the colour of
your eyes), whereas an “ALLELE” codes for a particular version of that gene (e.g. one allele might code
for brown eyes and another allele might code for blue eyes).
In Homologous-Chromatids (i.e. a maternal Chromatid and the corresponding paternal Chromatid),
specific genes (and therefore their alleles) are found in specific and corresponding locations cf. the
diagrammatic representation below.

Interferon β-2

Don’t worry about PSP.

Source: https://ib.bioninja.com.au/standard-level/topic-3-genetics/32-chromosomes/identifying-genes.html

Homozygote vs. Heterozygote (Homozygous vs. Heterozygous / Homozygotic vs. Heterozygotic)
Homozygote” or “Homozygous” (the corresponding adjective) means that both the alleles (the allele
inherited from the mother and the allele from the father) coded for the same version of a characteristic (e.g.
both coded for the colour of peas, and if the dominant colour of pea was yellow, then it would be written as
YY), whereas “Heterozygote” or “Heterozygous” means that one allele (let’s say the one inherited from the
mother) coded for a particular version of the characteristic e.g. yellow, “Y”, whereas the other allele (let’s say
the one inherited from the father) coded for another version of that characteristic, e.g. green (“y”), then the
heterozygote would be expressed as “Yy”. This may be a bit difficult to understand until I get to the part in
this Note where I start to explain about dominant and recessive genes and alleles.
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Dominant vs. Recessive (or Subordinate)
A dominant gene, but technically a dominant “allele” (although, in textbooks, it is seldom written as
“dominant allele”) will always overshadow or crowd out a recessive allele whenever the two alleles are
present together (one inherited from the mother and the other from the father). In peas, the dominant allele
is actually yellow (“Y”), but the reason that all peas in British supermarkets are green is because the British
housewife will just not buy yellow peas (“Y”), therefore the British farmer breeds for only green (“y”) peas
– the recessive allele colour! The dominant allele must always be written with a Capital Letter e.g. “Y”,
and the recessive one with a small letter e.g. “y” – and here “y” stands for a GREEN coloured pea! The
letter of the alphabet used does not specify a colour. It indicates nothing but “recessiveness”.
Genotype vs Phenotype
There are two ways in which the term ‘genotype’ is used: (a) in a general sense when the whole of the set
of genes that is possessed by an individual is referred to, and (b) when the genes pertaining to a particular
characteristic is referred to – thus, for instance, the genotype with regard to hair colour would
encompass all the different possible colours for hair that a person has inherited, but the phenotype would
code for a specific colour (blond hair/or red hair/or black hair/etc). Please remember that a recessive gene
can be “carried” through many generations without appearing (because the recessive gene was inherited
from just one of the two parents) and then it could suddenly appear if the recessive gene has been
inherited from both parents.

The dominant gene for the colour of the feathers of flamingos is actually white, but they look pink
because of the food that they eat.
Gregor Mendel (1882-84) was an Austrian Catholic monk who lived in a town called “Brno”
(pronounced “Burno”) in what is now the Czech Republic. When he was a young monk, one of
Mendel’s tasks was to grow food for all the monks in his monastery. As it happens Mendel was a
competent (as opposed to a brilliant) scientist, and the science of genetics is based on his “seminal”
work on peas in this field. Mendel made an extremely useful contribution to the understanding of
heredity – but at first his work was ignored. (Scientists at the time knew nothing about
DNA/genes/alleles/chromosomes/etc and thought that proteins were the vehicle for heredity!
There is an excellent 15-minute video on Mendelean Genetics by Professor Dave at
https://www.youtube.com/watch?v=3f_eisNPpnc
and you might want to watch it.
In this Note I shall base everything that I say on the notes that are in
“DNA from the beginning” at http://www.dnaftb.org/1/ .
The notes on that website are rather elementary, therefore I have expanded them very considerably.
However the website is a good starting point – except for one thing. The website uses the words “pure”
and “purity”, and I personally would not use the word “pure” as in “pure-bred”. The concept of racial
“purity” led the Nazis to kill Jews/black people/gypsies/physically handicapped people/mentally
handicapped people/etc, and I would advocate the usage of the phrases “true-bred” or “uncrossed”.
Wherever they occur therefore, I have changed all the dnaftb references from “purity” to “true-bred” or
“uncrossed”.
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If a yellow pea-plant is crossed with a yellow pea-plant, then this is an example of consistent breeding and
not of “purity”. There is nothing “pure” about mating a yellow pea-plant with another yellow pea-plant.
Please do not use the word “purity” in this context. The word “pure” is inappropriate because it is
associated with racial connotations. The Nazis were not more “pure” than the Gypsies1, and in fact were
less “pure” than the gypsies because the Germans had interbred with the other European tribes whereas the
gypsies hardly interbred at all. The concept of racial purity makes no sense whatsoever in biological terms,
because every member of the species “homo sapiens” can be traced back through mitochondrial DNA to
one black lady who lived (roughly 200,000 years ago) in the Rift Valley in what is now called Kenya.
Chromatids and Chromosomes
Every normal person has 23 pairs of
Chromatid-Chromosomes making 46
Chromatid-Chromosomes in all. 23
Chromatids will have come from the
individual’s mother and 23 from the
individual’s father.

Source: Wikipedia

Meiosis (the process by which a new animal is created)
Meiosis is a special type of cell division of germ cells in sexually-reproducing organisms. Meiosis
involves two rounds of cell division that ultimately results in four cells (cf. below). During Meiosis,
genetic material from the crossed over paternal and maternal chromatid-chromosomes “recombine”)
creating a new and unique combination of genetic code (DNA) on each of the 23 pairs of chromatidchromosomes of the new animal or plant. It is this that makes every single animal and plant unique. No
two animals or two plants will be identical to any other animal or plant that has ever lived or will
ever live.

Crossing-over and recombination occurs in Prophase I.
In female human beings, three
of these “recombined” cells will
be discarded and only ONE of
them will go on to be used
monthly in menstruation.

The first of these cells is a “germ cell”.
Germ cells are a central component of
sexual reproduction in animals.
Differentiation produces germ cells and by
the process of Meiosis (cf. DNA, Note 4)
germ cells become male and female
gametes (i.e. male sperm cells, and female
unfertilised eggs called oocytes or ova).

The phrase that you will see
used in textbooks is
‘Recombinant Chromosomes’.
Source: Diagramme from Wikipedia but the commentary is mine.

1

The term “gypsy” is a corruption of the term “Egyptian” because English people originally thought that the
Romany people came from Egypt. Ignorant English people gave gypsies emotive names such as
‘diddycoi’/pikeies/etc.
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The exchange of DNA / “Crossing-over” and “recombination” of DNA
Genetic recombination leads to the exchange of genetic material between different organisms which leads to
the production of offspring with combinations of traits that differ from those that are found in either one of the
two parents. (Source: Wikipedia.)
It is important that you appreciate that in living entities an exchange of DNA is involved in the reproduction
of most species. During Fertilisation, the male sperm cell lodges in the female egg cell (the ovum) and injects
its DNA (in the form of 23 of the father’s chromatid-chromosomes) into the ovum where there are 23 of the
mother’s chromatid-chromosomes. During the process of Meiosis there is then an exchange of DNA between
the father’s and the mother’s chromatid-chromosomes – and, during sexual intercourse, a new animal (or a
new plant) will be conceived, and it will then have its own unique set of DNA that will be unlike that of
any other animal or plant that has ever lived or that will ever live.

Recombined-Chromatids.

It will help you to think of the red X-shaped
Chromatids above as being maternal SisterChromatids and the blue ones as being the
corresponding paternal Sister-Chromatids.

In Crossing-Over, the two SisterChromatids lie on top of each
other and are bound together by a
Cohesin protein complex.

Source: https://ib.bioninja.com.au/standard-level/topic-3-genetics/33-meiosis/crossing-over.html

“Chiasmata” are the points on chromatid-chromosomes at which they exchange DNA during “crossing-over”.
The point at which the two chromatid-chromosomes are joined together is called the “centromere”.
“dnaftb” says that: It was not until 1865 that an Augustinian Monk named Gregor Mendel found that
individual traits are determined by discrete "factors" (and these later on became called genes) which are
inherited from parents. Mendel’s rigorous approach transformed agricultural breeding from an art into a
science.
Pea plants procreate by sexual reproduction through self-fertilisation.(In effect, the pea-plants have
“sex” with themselves.) Every pea plant has both male (stamen, the equivalent of a male animal’s penis)
and female (pistil, the equivalent of a female animal’s vulva/vagina/uterus/etc) organs and thus a peaplant does not need to have ‘sex’ (short for ‘sexual intercourse’) with another pea plant. However, crossfertilisation with another pea plant results in a larger and more healthy gene pool – and the latter is true
for human beings (which is why having children with one’s first cousins is strongly discouraged). The
“male” portion of the flower is the pollen-loaded stamen, while the egg-holding pistil is the “female” part
of the plant.
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Source: https://smartclass4kids.com/science/plants-facts/part-of-a-flower/

Mendel started with self-fertilised peas of known genetic background so that he could provide a baseline
against which to compare the patterns of inheritance in the resulting offspring. Then he carefully counted
the numbers of individuals showing the various traits in successive generations of offspring, and it was
this that led to his observations on Inheritance.

Genes come in pairs (one maternal and one paternal)
Rather than looking at the pea plant as a whole, Mendel focussed on seven individual traits that he could
readily distinguish such as the colour of the flower/the colour of the pea/whether the peas were round or
crinkled/how tall the pea-plant was/and so on. He found that each trait/each characteristic has two
alternative forms, e.g. peas can be either green or yellow/the flowers can be either violet or white/ the
plants can be either tall or short/and so on. By analysing the results of various crosses between different
pea-plants, Mendel concluded that each alternative form of a trait is specified by the alleles in alternative
forms of a given gene. To follow the inheritance of genes from parent to child, Mendel first needed to
know which gene each parent carried.
Since pea plants are naturally self-fertilising, true-bred or uncrossed strains were readily available. Each
true-bred/uncrossed strain contained only one allele of the gene that determined a trait such as the colour
of the pea. True-bred/uncrossed plants with yellow peas produced offspring with nothing but yellow peas.
True-bred/uncrossed plants with green peas produced offspring with nothing but green peas. From the
results of further experiments, Mendel reasoned that uncrossed plants must have TWO copies of the
same gene for each trait. (He did not know about alleles, otherwise he would have realised that they had
two different alleles for the same gene.) Later it was found that these genes were located on the female
(XX) and the male (XY) gender chromosomes (cf. bottom right hand corner of the following diagramme)
with which you are now very familiar.

Remember that these are not “sex” chromosomes
but gender chromosomes, and that a female has
an X and an X chromosome (XX), and that a
male has an X and a Y chromosome (XY).
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The characteristics in genes do NOT blend with each other as paint colours do
In general, offspring appear to be a mixture of parental characteristics. However, Mendel found that this is
not true for the pea-plant traits that he chose to study. When he crossed pea-plants that had not been
crossed, the offspring did not have blended traits. For example, one might expect that a cross between an
uncrossed green pea-plant and an uncrossed yellow pea-plant would produce offspring with peas of a
greeny-yellowy colour. However, Mendel found that this cross produced first generation (F1) offspring
with peas of only one colour viz. yellow (cf. below). No other colours were seen in F1 peas, and the green
coloured pea was nowhere to be seen.

Yellow is the dominant pea colour, and
the first generation peas were all yellow,
and the second generation peas were
roughly 3:1 in favour of yellow.

The “F” in “F1” and in “F2”
and “F3” stands for the Latin
word “filius” meaning “the
son”.

When we get to “Punnett Squares” you will see why the colours are in the above proportions.
https://sites.google.com/a/wisc.edu/ils202fall11/home/student-wikis/group8

The National Human Genome Research Institute says that “A phenotype is an individual's observable
traits, such as height, eye colour, and blood type. The genetic contribution to the phenotype is called
the genotype. Some traits are largely determined by the genotype, while other traits can also be
determined by environmental factors.
In the following diagramme, one of the fly’s alleles was inherited from the fly’s father and one from its
mother.
W = Normal Wings (the dominant allele), and w = crinkled wings (the recessive allele).
NB Please always remember that a dominant gene is written in capital letters e.g. “WW” below, while a
recessive gene is written in small letters e.g. “Ww” or “ww” (where ‘w’ is the recessive gene).
Both Normal

One W and one w
where “W” overshadows “w”

both wrinkled (w)

The terms ‘homozygous’
and heterozygous’ are
explained on page 3.
The terms ‘genotype’
and ‘phenotype’ are
explained on page 4.
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Genes / Genotype / Phenotype / Homozygous / Heterozygous

Codominance means that neither allele can mask the expression of the other allele. An example in humans
would be the ABO blood group, where allele A and allele B are both expressed. Therefore, if an individual
inherits allele A from his/her mother and allele B from his/her father, then the individual will have the blood
type AB. (Source: National Human Genome Research Institute.)

Let me now tell you about “Punnett Squares”.
Punnett Squares
Punnett squares describe the genes that will be seen in the offspring of parents
A dominant gene is always written with a capital letter (e.g. “Y” for the dominant Yellow gene for the
colour of a pea), whilst a recessive gene is written with a small letter (“y” for the recessive green gene).
NB Please remember that technically we are dealing with “dominant alleles” and “recessive alleles” and
NOT genes (but the phrase “dominant gene” has become the accepted terminology.
One of the easiest ways of calculating the mathematical probability of inheriting a specific trait was
invented by an early 20th century English geneticist called Reginald Punnett. His technique employs what
is now called a Punnett Square. His was a simple graphical way of portraying all of the potential
combinations of genotypes that can occur in offspring, given the genotypes of their parents. It also allows
the probability of occurrence of each of the offspring genotypes to be calculated.

A typical Punnett Square for offspring
A “Punnett Square” outlines the possible combinations of different alleles e.g. the four combinations in
red in the square below. The convention is to show the dominant allele in the Upper Case (i.e. a Capital
letter) e.g. “Y” for yellow in a pea, and the recessive allele in the Lower Case e.g. “y”. Here the pollen
from the anther of the stamen of a cross-bred (Yy) yellow-green pea has been placed on the stigma of the
pistil of a cross-bred (Yy) yellow-green pea. The phenotype of the resulting allele is given by the
following Punnett square.
Possible Combinations Y
y
Y
YY Yy
y
Yy yy

One of the parent’s genes are displayed in the top row and the genes of
the other parent are displayed in the first column. The genes that the
offspring inherit are shown in the four boxes in red.

(When you come to “Permutations” and “Combinations” in “Probability” in ‘A’ Level Maths, then it
will remind you of Punnett Squares.)
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Cross between two true-bred or uncrossed homozygote pea-plants
If a parent pea-plant that produces yellow peas is crossed with a pea-plant that produces yellow peas then
the resulting pea-plant will have yellow peas; and, if a parent pea-plant that produces green peas is
crossed with a pea-plant that produces green peas then the resulting pea-plant will have green peas. In
both cases here, we are dealing with homozygotic combinations.

Possible
Y
Y
Combinations
Y
YY YY
Y
YY YY

Possible
Combinations
y
y

y

y

yy yy
yy yy

The above is an example of consistent-breeding / true-breeding / the non-crossing of genes/alleles.
In the example above, homozygote true-bred or uncrossed plants were mated and the offspring
maintained the same characteristic/same trait as the parents.
Now let us examine what would happen if plants of different alleles were crossed. What would happen if
a true-bred yellow pea-plant (YY) was crossed with a true-bred green pea-plant (yy)?
Please remember that in pea-plants yellow is the dominant colour/the dominant allele for the colour of
the pea and it must therefore be written in Capital letters (YY, one allele inherited from a true-bred
mother and one inherited from a true-bred father). Green is the recessive (or subordinate) colour and it
must therefore be written in small letters. “yy” means that it is not the dominant yellow allele.
Please remember that “YY” means that the pea-plant received a yellow “Y” allele from its mother and
another yellow “Y” allele from its father, while “yy” means that the plant received one green “y” allele
from its mother and one green “y” allele from its father.

Crosses between two true-bred/uncrossed pea-plants
This is called a “monohybrid” cross because only one gene with two alleles is being crossed.
It is not usual to refer to a pea-plant’s parents as “father” and “mother”, but I have done so for clarity.
Possible combinations

This pea-plant’s parent’s (let us say the father’s)
genes were “yy” homozygotic
y
y

This parent’s (let us say the mother’s) genes
were “YY” homozygotic
Y
Y

yY
yY

Yy
Yy

Yellow is the dominant colour in pea-plants, therefore wherever there is a “Y” in a box, the colour of the
peas will always be yellow. The dominant yellow colour will always crowd out the recessive green (“y”)
colour and this is as true for the dominant colour of a human being’s eyes as it is for the colour of peas.
When Mendel crossed a yellow pea-plant with a green pea-plant, he obtained nothing but yellow peas (cf.
diagramme overleaf). Now do you understand the concept of “dominance” and dominant genes/
dominant alleles!
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Mendel was puzzled (as indeed I would have been), as to why ALL the F1 peas were yellow, but had he
known about Punnett squares when he started his investigations, then he would not have been surprised. In
fact, he would have been able to predict the outcome of his crosses!
The first generation (F1)
peas were all yellow, and it
was only the second
generation (F2) plants that
produced any green peas
(and even then, only roughly
3:1 in favour of yellow).

https://sites.google.com/a/wisc.edu/ils202fall11/home/student-wikis/group8
A “3:1” ratio is not obtained from every F2 plant – but, instead, that is the overall ratio that is obtained from
hundreds of plants. It is the overall outcome of Statistical probability.
This pea-plant’s parent’s (let’s say the
father’s) genes were “Yy” heterozygotic
Y
y

Possible combinations
This parent’s (let us say the mother’s)
genes were “YY” homozygotic
Y
Y

YY
YY

Yy
Yy

As you can see, nothing but YY or Yy pea-plants have been
produced, and since Y is dominant, then nothing but yellow
peas will result. THAT is why the F1 generation peas were all
yellow. Y is the dominant gene (but more correctly, the
dominant allele) and it therefore crowds out the recessive green
allele and there are no green peas in the F1 cross.
The dominant trait is seen whenever a copy of the dominant gene/allele is inherited (because it overrides any
recessive gene/allele that may be present).
However, when Mendel crossed his hybrid F1 offspring against each other, green peas appeared in the second
generation hybrid cross. Mendel reasoned that the recessive green trait is shown when only one copy of the
recessive gene is inherited from EACH of the parents – thus giving nothing but the recessive gene in the
offspring. Let us use a Punnett Square to see how that works.

Heterozygote zygotes
If an animal or plant has heterozygote genotypes (such as Yy in an F1 hybrid), then what happens if the
plants are crossed?

The other parent
Y
y
One parent
Y
YY
Yy
y
Yy
yy

The order in which the ‘Y’ and the ‘y’ are written is not
relevant – but I tend to write the dominant gene first.
The dominant gene is always written in upper case and
the recessive gene is written in lower case.

The Punnett Square shows that if both the parent plants are heterozygous (i.e. different), then the offspring
will (on average) be 75% yellow and 25% green: and THAT is why Mendel obtained the ratios that he did!
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At this point it would be helpful to talk about the distinction between “genotypes” and “phenotypes”.
Genotypes involve the alleles of the genes (the characteristic colours of the peas in the genes of the peaplant e.g. yellow and green) whereas the Phenotypes are the observable characteristics of the specimen
(i.e. the colour that the peas actually are: either yellow or green). Biology LibreTexts at
https://bio.libretexts.org/Bookshelves/Introductory_and_General_Biology/Book%3A_General_Biology_(
Boundless)/12%3A_Mendel%27s_Experiments_and_Heredity/12.2%3A__Patterns_of_Inheritance/12.2C
%3A_The_Punnett_Square_Approach_for_a_Monohybrid_Cross
shows it thus.
The first generation F1
peas were all yellow
(their phenotype was
yellow), and it was only
the second generation
F2 plants that produced
any green peas – and
even then, only roughly
3:1 in favour of yellow.

At ‘A’ Level you could be
asked to calculate the
genotype or the phenotype
ratio.

and now can you see how Mendel’s observations are all beginning to fall into place.

https://sites.google.com/a/wisc.edu/ils202fall11/home/student-wikis/group8
NB A “3:1” ratio is not obtained from every plant – but it is instead the overall observed ratio that is
obtained from hundreds of plants.
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Inherited Diseases (Autosomal dominant and Autosomal recessive)
An inherited trait is one that is genetically determined. Inherited traits are passed on from parent to
offspring according to the rules of Mendelean genetics. (NB Some traits are not strictly determined by
genes, but are instead influenced by both genes and the environment e.g. the skin colour of a human
being is determined by both genes and by the number of hours of sunshine in the country in which the
human being lives.)
By definition, “inherited diseases” are passed on from one generation to the next, but some diseases have
dominant genes (such as Huntington’s Disease) while others have recessive ones (e.g. Cystic Fibrosis and
Sickle Cell Disease).
The US NHGRI says the following:
Autosomal2 dominance is a pattern of inheritance characteristic of some genetic diseases.
"Autosomal" means that the gene in question is located on one of the 22 numbered or non-gender
chromatid-chromosomes. "Dominant" means that a single copy of the disease-associated mutation
is enough to cause the disease (but technically that is not what the term “dominant” means). This
is in contrast to a recessive disorder, where two copies of the mutation are needed to cause the
disease. Huntington's Disease is a common example of an autosomal dominant genetic disorder.

A) Autosomal Dominant Diseases
If two people, neither of whom carry the Huntington’s Disease gene (HD), have a child, then the child
cannot get Huntington’s Disease. Textbooks very rarely discuss this situation because these are just socalled “normal” people3. HD is an inherited disease, and what I have just said is true for all inherited
diseases irrespective of whether the gene is dominant or recessive. If the gene is not present at all in
either of the parents, then it is not possible for their offspring to have it. NONE of their children will have
HD: 0 out of 4 = 0% = NO chance of getting the disorder. Here ‘H’ is the dominant HD gene, and ‘h’
means that the disease is not carried.

One parent

The other parent
h
h
hh
hh
hh
hh

h
h

Every single possibility is
‘hh’ therefore the offspring
CANNOT have the disease.

In the table above I have used ‘h’ to indicate a “recessive” gene. This is the convention i.e. a letter in
lower case indicates a recessive gene while letter in Upper Case indicates a Dominant gene – and the
letter of the alphabet is chosen to indicate the gene that is being discussed e.g. “H” for Huntington’s
disease. In Biology you are required to obey the Upper Case/Lower Case convention, but the choice of
the letter of the alphabet that is used is not obligatory. For instance, one might use “D” for a dominant
gene, and “r” for a recessive gene (in which case you would get the table below) – but, in an exam, it is
advisable to stick the letter of the alphabet that you have been given. The order in which you write the
genes is not relevant.

One parent

2
3

The other parent
r
r
rr
rr
rr
rr

r
r

An autosome is any chromatid-chromosome other than a gender chromosome.
Textbooks normally consider only “single-gene disorders”.
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Every single possibility is
‘r r’ therefore the offspring
CANNOT have the disease.

In the tables below, ‘D’ is the dominant gene (Huntington’s Disease), and ‘r’ is the recessive gene
In the first three tables, the combinations are DD for one parent compared to DD / Dr / and rr for the other
parent. (“HD” = Huntington’s Disease.)
A1:
One parent

D
D

The other parent
D
D
DD
DD
DD
DD

100% chance of a child getting HD.
D is present in every cell,
and D is the dominant gene.
Every child will have the disease.

D
D

The other parent
D
r
DD
Dr
DD
Dr

100% chance of a child getting HD.
D is present in every cell,
and D is the dominant gene.
Every child will have the disease.

D
D

The other parent
r
r
Dr
Dr
Dr
Dr

100% chance of a child getting HD.
D is present in every cell,
and D is the dominant gene.
Every child will have the disease.

A2:
One parent

A3:
One parent

Even if just one parent has the two dominant genes, then ALL the children will have the disease
(because the dominant gene prevails/crowds out the recessive gene).
In the second three tables, the combinations are Dr for one parent compared to DD / Dr / and rr for the
other parent.
A4:
One parent

D
r

The other parent
D
D
DD
DD
Dr
Dr

100% chance of a child getting HD.
D is present in every cell,
and D is the dominant gene.
Every child will have the disease.

D
r

The other parent
D
r
DD
Dr
Dr
rr

75% chance of a child getting HD.
D is present in 3 out of 4 cells.
‘D’ crowds out ‘r’ in 3 cells.

D
r

The other parent
r
r
Dr
Dr
rr
rr

50% chance of a child getting HD.
D is present in 2 out of 4 cells.
‘D’ crowds out ‘r’ in 2 cells.

A5:
One parent

A6:
One parent
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In the third three tables, the combinations are rr for one parent compared to DD / Dr / and rr for the other
parent.

A7:
One parent

r
r

The other parent
D
D
Dr
Dr
Dr
Dr

100% chance of a child getting HD.
D is present in every cell,
and D is the dominant gene.
Every child will have the disease.

r
r

The other parent
D
r
Dr
rr
Dr
rr

50% chance of a child getting HD.
D is present in 2 out of 4 cells.
‘D’ crowds out ‘r’ in 2 cells.

r
r

The other parent
r
r
rr
rr
rr
rr

0% chance of a child getting HD.
D does not appear at all.
The recessive gene predominates.

A8:
One parent

A9:
One parent

We can summarise all the possible situations above as follows
Combination

Incidence of HD

A1. DD vs. DD
100% of their children getting the disease
A2. DD vs. Dr
100% of their children getting the disease
A3. DD vs. r r
100% of their children getting the disease
A4. Dr vs. DD
100% of their children getting the disease
A5. Dr vs. Dr
75% chance of each child getting the disease
A6. Dr vs r r
50% chance of each child getting the disease
A7. r r vs DD
100% chance of each child getting the disease
NB Since it is irrelevant as to which parent had the disease, A7 corresponds to A3.
A8. r r vs Dr
50% chance of each child getting the disease
NB Since it is irrelevant as to which parent had the disease, A8 corresponds to A6.
A9. r r vs r r
0% chance of any child getting the disease

In the above, we have not looked at the different combinations that would occur if we had regarded the
inheritance of a gene from a father as being different from inheriting the gene from a mother.
For each of the above situations, I have been using a technique (in fact a huge topic in Mathematics)
called “The Permutations and Combinations of Probability”, and I do not suppose for one second that
anything as complicated as this will come up in a GCSE Biology exam – but you will be expected to be
able to manipulate these possibilities in an ‘A’ Level Biology exam.
However, I want to impress on you that to be a good anything (Doctor/Dentist/Actuary/Engineer/
Computer Scientist/anything) you must be methodical and careful and always examine all the possibilities
that are involved in any course of action. George Bush and Tony Blair did not consider the possible
consequence of their vengeful invasion and destruction of Afghanistan – and look now at the
consequences of their stupidity.
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B) Autosomal Recessive Genes cf. http://web.fscj.edu/David.Byres/1005anotes/ch6notes.html
We have examined all the possibilities involved where none/one/or both of the parents have a dominant
disorder gene – and we proved that even if just one parent has one copy of a dominant gene such as the
Huntington’s Disease (HD) gene, then there is a possibility that one of their children will have HD. This
is in contrast to a recessive gene such as Cystic Fibrosis (CF), where both parents must have at least one
copy of the CF gene for one of their children to have CF.
Carrier
The US National Human Genome Research Institute (NHGRI) says that
A carrier is an individual who carries and is capable of passing on a genetic mutation associated
with a disease and she/he may or may not display disease symptoms. Carriers are associated with
diseases inherited as recessive traits. In order to have the disease, an individual must have inherited
mutated alleles from both parents. An individual having one normal allele and one mutated allele
does not have the disease. Two affected parents will produce affected offspring, but two carriers
may produce children with the disease (i.e. “may” and not “will”).

B) Autosomal Recessive Genes
Let us designate a recessive gene (such as Cystic Fibrosis, CF) as “r”, and let us designate as “R” a
dominant gene (in this case not-having CF, i.e. the person concerned is neither a ‘carrier’ of CF nor is the
person ‘affected’ by CF).
Let us now construct a Punnett Square for a person who is “RR” who has a child with a person who is
“r r”,
The other parent
No child of these parents will
r
r
have Cystic Fibrosis because
One parent
R
Rr
Rr
the dominant gene prevails.
R
Rr
Rr

If the letter “D” (for dominant) is substituted for the letter “R”, then it will be seen more clearly that, in every
instance, the dominant gene just crowds out the recessive gene.

One parent

The other parent
r
r
Dr
Dr
Dr
Dr

D
D

We can now (as we did with autosomal dominance) outline every possibility that there is for autosomal
recessiveness (as in Cystic Fibrosis, CF) where “RR” is a person who is neither ‘affected’ nor is a
‘carrier’ of CF, while “r r” is a person who has inherited two CF genes and is therefore ‘affected’ (and by
definition must therefore also be a ‘carrier’). Please remember that, for an individual, it does not matter
whether the gene is inherited from the individual’s mother or from the father. This will become clear as
we examine the Punnett squares that are involved for autosomal recessive genes.
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In the tables below, ‘D’ is the dominant gene, and ‘r’ is the recessive gene (e.g Cystic Fibrosis)
In the first three tables, the combinations are DD for one parent compared to DD / Dr / and rr for the other
parent.
B1:
One parent

D
D

The other parent
D
D
DD
DD
DD
DD

NO chance of a child getting CF.
‘D’ crowds out ‘r’ everywhere.

D
D

The other parent
D
r
DD
Dr
DD
Dr

NO chance of a child getting CF.
‘D’ crowds out ‘r’ everywhere.

D
D

The other parent
r
r
Dr
Dr
Dr
Dr

NO chance of a child getting CF.
‘D’ crowds out ‘r’ everywhere.

B2:
One parent

B3:
One parent

In the second three tables, the combinations are Dr for one parent compared to DD / Dr / and rr for the
other parent.
B4:
One parent

D
r

The other parent
D
D
DD
DD
Dr
Dr

NO chance of a child getting CF.
‘D’ crowds out ‘r’ everywhere.

D
r

The other parent
D
r
DD
Dr
Dr
rr

25% chance of a child getting CF.
‘D’ crowds out ‘r’ in 3 cells.

D
r

The other parent
r
r
Dr
Dr
rr
rr

50% chance of a child getting CF.
‘D’ crowds out ‘r’ in 2 cells.

B5:
One parent

B6:
One parent
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In the third three tables, the combinations are rr for one parent compared to DD / Dr / and rr for the other
parent.

B7:
One parent

r
r

The other parent
D
D
Dr
Dr
Dr
Dr

0% chance of a child getting CF.
‘D’ crowds out ‘r’ in 4 cells.

r
r

The other parent
D
r
Dr
rr
Dr
rr

50% chance of a child getting CF.
‘D’ crowds out ‘r’ in 2 cells.

r
r

The other parent
r
r
rr
rr
rr
rr

100% chance of a child getting CF.
The recessive gene predominates.

B8:
One parent

B9:
One parent

We can summarise all the possible situations above as follows
Combination

Incidence of HD

B1. DD vs. DD
0% (no chance of their children getting the disease)
B2. DD vs. Dr
0% chance for each child
B3. DD vs. r r
0% chance for each child
B4. Dr vs. DD
0% chance for each child
B5. Dr vs. Dr
25% chance for each child
B6. Dr vs r r
50% chance for each child
B7. r r vs DD
0% chance for each child
NB Since it is irrelevant as to which parent had the disease, B7 corresponds to B3.
B8. r r vs Dr
50% chance for each child
NB Since it is irrelevant as to which parent had the disease, B8 corresponds to B6.
B9. r r vs r r
100% chance of each child getting the disease

In the above, we have not looked at the different combinations that would occur if we had regarded the
inheritance of a gene from a father as being different from inheriting the gene from a mother. The
recessive gene under consideration could have been Cystic Fibrosis, or a recessive gene for the colour of
someone’s eyes, etc.
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Genotypes and Phenotypes
Dominance refers to the relationship between two versions of one gene viz. the alleles, and technically
therefore, dominant genes should be referred to as “dominant ALLELES”. Individuals receive two
versions of each gene, known as alleles, from each parent, and if the alleles of a gene are different, one
allele (the dominant one) will be expressed. The effect of the other allele (called recessive) is masked.
Huntington’s Disease
A chromatid inherited from one parent

A chromatid inherited from the other parent
parent
“D” is the dominant
Huntington’s Disease gene.
‘d’ means the dominant
gene is not present.

These are the chromatids that were
inherited from the person’s parents ––>

DD / Dd / dD / dd are the
different genotypes. They are
the sequence of nucleotides
that code for a particular
characteristic.

These are the different possible gene
combinations: DD , Dd , dD , and dd

If both the genes have similar alleles, then
they are homozygous genes. If they have
different alleles, they are heterozygous genes.

The Phenotype would be
whether or not HD is
manifested.

If a person has inherited even one Huntington’s Disease gene (HD) out of the two genes on the two
Chromatids, then that person will have the symptoms of HD i.e. the person will be “affected” by HD.
If a person has no Huntington’s Disease (HD) gene on the two Chromatids, then that person will not be
“affected” by HD.

19

Recessive
In the case of a recessive genetic disorder, an individual must inherit two copies of the mutated allele in
order for the disease to be present.

Haemophilia is a recessive gene carried on the X gender-Chromatid. It is not part of the GCSE Sullabus.
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All cells arise from pre-existing cells
For many centuries, people in Europe accepted the Christian Church’s unscientific view on the “spontaneous
generation” of life from inanimate matter inside a mother’s womb. In other words, for thousands of years
dutiful/devout/pious Christians accepted the idea that God created every single human being by a unique act
of creation (because the Christian Church said that this was the case).
That of course begged the question of how other animals (dogs/cats/elephants/etc) were created. Did God
create every single worm and every single bacteria and every single virus, and (since a worm that is cut into
two will grow into two worms), when you accidentally cut a worm into two with a spade when you are
digging, does God now have to create two new worms from the old one?
The concept of individual unique acts of creation was thus found to be (so-to-speak) riddled with worms and
had to be abandoned – as indeed did almost everything that the Church had taught about Science. The
Bible/the Koran/etc are not textbooks on Science and should never have been be used for such a purpose. They
are books about God, not about Science. In the field of Science, the Christian Church got almost
everything massively wrong for hundreds of years.
Mind you, if you did not believe what the Pope told you to believe, then you were burnt alive or had your
limbs torn off you on “the rack” by the Inquisition, so you just kept quiet and pretended to believe what the
Church said. It was only in the “Age of Reason” in the “Age of Enlightenment” in the 1700s, that Europeans
started to tell the Church to mind its own business. Scientists then started to do experiments to find out what
things were actually like instead of listening to the uninformed opinion of someone who knew absolutely
nothing at all about Science but thought that he knew a lot about God.
When the long-standing myth of a unique act of creation was finally dispelled in the mid-1800s, it became
clear that all life must arise from pre-existing life. [Germ cells produce male and female gametes i.e. sperm
and unfertilised eggs (oocytes or ova) through the process of Meiosis. Haploid gametes then unite to form a
diploid zygote that develops into a new individual.]
If cells are the fundamental units of life, they too must have a reproductive mechanism that maintains the
proper chromosome number in each cell. About a decade after the publication of Mendel's paper, scientists
carefully documented the behaviour of chromosomes during cell division (Meiosis and Mitosis), using dyes to
make them visible. In Mitosis, each chromosome copies itself, and the duplicates line up at the “equator” of
the cell. Then, duplicate copies of each chromosome are pulled towards opposite poles. Finally, the cell splits
at the equator, producing two new cells with identical sets of chromosomes. Mitosis creates new body cells
(for growth and repair purposes), whereas Meiosis creates a new gamete cell.

That is the end of this Note. There is a lot in this Note that you will not have understood, but I do not mind
that. If you want to get into Med School then the sooner that you are exposed to difficult concepts, the more
easily will you eventually understand Medicine.
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