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Mendel and his Peas
Gregor Mendel is described as the father of modern genetics. This is because of his intensive study of and
experimentation with pea plants. He was born in Austria in 1822 on the 22nd of July. His birth name was Johann
Mendel and his family were farmers. He attended a small rural school where his teacher saw great promise in him
and his ability to learn, so recommended that he attend a secondary school in another city. Despite the cost to his
family being very high, he completed his schooling and graduated with honours. He then went on to study physics
and mathematics at University.
Upon finishing his degree, his father expected him to take over the family farm as he was his only son but Mendel was
keen to continue his education. Instead of becoming a farmer, he joined a monastery and started to study to become a
monk. It was here that he took the name Gregor as a sign that he had begun a new lifelong dedication to God. During
this period in time, churches and monasteries were great learning environments and most of the scientific discovery
or research of the time was funded by religion. By joining the monastery, it not only meant that he could access a
vast library, work with other scientists and have use of a science laboratory but it also allowed him to continue his
education at no cost to himself. The monastery also paid for him to study at the University of Vienna where he
continued to learn physics and mathematics. He even studied under the famous mathematician Christian Doppler1.
Upon graduating university, he went to work in a secondary school attached to the monastery, where he had started
his monkship, as a physics teacher. All the while, he continued to conduct various experiments. He grew and
experimented with peas over a span of seven years and this gave him a huge amount of data to support his findings.
Mendel was interested in how certain features of pea plants were passed on from generation to generation. The
current thinking of the time was that the traits of the parents were blended together in the offspring, for example a
tall person and a short person would have middle sized children. This idea, called blending inheritance had no
evidence to support it.
He began looking into hereditary features by studying
mice but because he was a monk studying and working
in a monastery, the Bishop of the time thought it was
inappropriate to be studying sex in animals. He then shifted
to using plants and made the most of the monastery’s large
experimental gardens. He found peas to be an excellent
test subject because there were obvious differences
between them – offspring were produced quickly and easily
and it was simple to manually cross one plant with another.
Mendel focussed on seven distinct characteristics of peas:
• Plant Height (tall or short stem)
• Pod Shape (full or constricted)
• Pod Colour (green or yellow)
• Seed Shape (smooth or wrinkled)
• Seed Colour (green or yellow)
• Flower/Pod Position (axial or terminal)
• Flower Colour (white or purple)

1
Christian Doppler proposed the principle now called the Doppler Effect.
This is where sounds get quicker, louder and higher pitched as the source
of the sound comes nearer to you and becomes quieter, slower and low
pitched as the source moves away. Like when a police car or ambulance
is driving towards you with its siren on and its siren appears to become
higher pitched and louder the closer it gets. His idea was tested by a Dutch
scientist who stood by a railway line and got a rail car full of musicians
playing a single note to be pulled by a train towards him. The musicians
didn’t play any louder or differently but the music the scientist heard
changed, which was because the sound waves were changing due to the
movement of the train and so this proved the Doppler Effect.
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His first experiment was with seed shape and over the seven years of experimenting, he grew 2900 pea plants to test
his ideas of how these seven ‘factors’ were inherited. In one set of experiments, he found that when yellow and green
pea plants were bred together, all the offspring were yellow. But then if he bred these offspring together, he found a
mixture of green or yellow offspring. In order to explain this, he developed the terms dominant and recessive. He
felt that one ‘factor’ would always overshadow the other one but it didn’t mean that the other ‘factor’ wasn’t present,
it was just hidden. This explained why the green colour showed up in the next generation of pea plants. Mendel also
proposed that like with peas, all living things had these heritable ‘factors’ that we now understand in greater detail
and call genes.
He published his work ‘experiments on plant hybridization’ in 1866 and gave two lectures on his findings. He had
some success in his local area and people found his work interesting, however it was largely misunderstood and
other scientists felt that he hadn’t discovered anything new and hadn’t come up with any new ideas. This meant
that the importance of his work went unnoticed for forty four years and the massive discovery he had made was
unrecognised. In 1900, several scientists from different countries reran his experiments and came up with the same
results and finally saw the importance of his work. Mendel’s system is now one of the fundamental principles of
biology. Mendel himself never lived to see the impact that his work had on science as we know it, as he died in 1884
at the age of 62 from chronic kidney disease.
Below is a diagram showing the seven pea traits of Mendel’s experiments.
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Three-Parent Babies

3

human cell

Imagine going into a local shop and selecting the
genes you wanted your children to have by choosing
from a menu or by pushing buttons on a vending
machine. This is one of the reasons why people
are concerned with the introduction of three-parent
babies. They worry the technology will be used by the
super wealthy to create perfect children by making
their ‘designer babies’. It could mean that sport’s
stars or famous actors, musicians and millionaires
could sell their ‘good’ genes to people so that their
offspring would be more successful in life. However,
this is not what three-parent babies are about or
what the technology that can create three-parent
babies is for. They are a step towards eradicating
some horrible genetic disorders that parents can
pass onto their children.

mitochondria

mitochondrion

mitochondrial DNA

mitochondrial
DNA

In your cells you have genetic material from both
your parents that makes you the unique person that
you are. Also in your cells is another type of genetic material called mitochondrial DNA. The mitochondria are a
type of organelle inside your cells that are mainly responsible for producing energy that your cells can use. Each
mitochondrion contains a piece of DNA that is composed of 37 different genes and are inherited solely from your
female parent (and all female parents before that, e.g. maternal grandmother). They are part of the egg that combines
with the sperm to form the zygote, which then becomes the baby. The genes in this type of DNA can cause some
nasty genetic disorders that usually result in miscarriage or death of the baby soon after birth. They have also been
linked to diabetes, cancers, heart disease, Alzheimer’s disease, osteoporosis, Parkinson’s disease, stroke and even
aging. The mitochondrial DNA in some women is defective and carries these genetic disorders, and because it is
always passed on, all that women’s children would get the disorder and so in all likelihood die.
Three-parent babies is a technique designed to eradicate this problem. It is a process where the faulty mitochondrial
DNA is removed and a donor’s healthy mitochondrial DNA is used instead.
There are two main ways this can be done. The first involves removing the nuclei of the embryo shortly after
fertilisation and putting them into a healthy embryo. The second involves modifying the egg before it is fertilised
by putting the mother’s egg’s nucleus into a healthy donor egg. The child made does then have genes from three
different parents. But the only way to have the genes from only two parents is by using donor eggs or embryos from a
maternal relative (e.g. sister or aunty). However, this has an obvious drawback in that the diseases are passed down
by the females. So if the woman trying to have a baby has defective mitochondrial DNA, then her female relatives
are likely to have it too. This means non-related donors are preferred. The United Kingdom has passed a law that
allows for this procedure to occur.

Method One: Embryo Repair

Step 1

Parents’ Embryo

Donor Embryo
parents’
nucleus

Step 3

Step 2

unhealthy
mitochondria

parents’ nucleus
removed

Method Two: Egg Repair
Mother’s Egg

donor’s
nucleus
healthy
mitochondria

donor’s
nucleus
removed and
destroyed

parents’ nucleus now
in donor embryo

Donor Egg
mother’s
nucleus
unhealthy
mitochondria

mother’s nucleus
removed

donor’s
nucleus
healthy
mitochondria

donor’s
nucleus
removed and
destroyed

mother’s nucleus now
in donor embryo
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A similar process called Cytoplasmic Transfer was previously used in the USA but has since been banned. This
process involved using the cytoplasm from a healthy cell (that contained unaffected mitochondria) but as it transferred
larger amounts of material between people, it also allowed for other genetic material to become part of the offspring.
Making the child produced have 1% of the third parent’s genetic material. Mitochondrial Donation in comparison,
only passes 0.1% of the third parent’s genetic material onto the child.

Cytoplasmic Transfer

Mitochondrial Donation
Donor’s Egg

Mother’s Egg

Mother’s Egg

Donor’s Egg

unhealthy
mitochondria

healthy
mitochondria

Step 1

unhealthy
mitochondria
healthy
mitochondria

mix of mother’s
and donor’s
mitochondria

healthy donor’s mitochondria
and cytoplasm injected into
mother’s egg

Step 2

Father’s
Sperm

Step 3

mother’s egg is fertilised
with sperm from father

fertilised egg is inserted
into mother’s womb (like
in normal IVF) where the
embryo develops

mother’s
nucleus

donor’s nucleus removed
and mother’s nucleus
inserted into donor egg

Father’s
Sperm

donor egg with mother’s
nucleus is fertilised with
sperm from father

fertilised egg is inserted
into mother’s womb (like
in normal IVF) where the
embryo develops

Mother

Mother

There are a number of concerns with this process, as well as the previously mentioned danger of designer babies.
These include:
• The human embryos that are being used for testing could have become a child.
• The embryo is being modified and we don’t know the long-term effect that this will have on future generations as
the procedure is too new.
• The effect on the child’s emotional and psychological wellbeing. For example, they may not feel ‘in-sync’ with their
parents and others may discriminate against them for being different.
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Genetics of My Class
Example Photos

Freckles

Trait

no freckles

smooth chin

cleft chin

dimples

no dimples

straight hairline

widow’s peak

non-tongue roller

tongue roller

detached earlobes

attached earlobes

regular thumb

hitchhiker’s thumb

Hitchhiker’s Thumb

Ear Lobes

Tongue Roll

Widow’s Peak

Dimples

Cleft Chin

freckles
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Name

Freckles
yes/no

CleftFreckles
Chin yes/noDimples

yes/no

yes/no

Widow’s
Peak
yes/no

Tongue
Roll
yes/no

Attached or Hitchhiker’s
Free Lobes
Thumb
attach/free

yes/no
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Naked Mole Rats
As far as ugly goes, you don’t get much uglier than the
naked mole rat. But these hideous beasties are actually quite
amazing. They have a range of special adaptations that allow
them to live life deep underground in an otherwise harsh
environment. They behave like bees, could help cure cancer
and are superman-like in their immunity to pain.
Heterocephalus glaber or the naked mole rat, is a small rodent
that lives in Eastern Africa, mainly in Southern Ethiopia, Kenya
and Somalia. They usually grow to between 8-10 cm long and
weigh 30-35 g. They have wrinkled pink or pale yellow skin
that is almost completely hairless (this helps stop dirt and sand
collecting on them as they dig and they stay much cleaner).
They live underground in large extensive tunnel networks that
can reach up to 6 km. They are usually found underneath dry
grasslands but are found where the soil is sandy or loamy
(mixture of sand, soil, clay) as it makes digging much easier.
A typical naked mole rat colony usually has between 70-80
members but can range from 20 up to 300.
The physical appearance of a naked mole rat is quite unpleasant but they are specially adapted for their way of
life. They have short thin legs that allow them to move around easily in the narrow, low-roofed tunnels and move
just as fast forwards as backwards. This is very useful as there isn’t enough space in their tunnels to turn around.
The long hairs on their bodies are used as sensors because they have very poor eyesight. They do have eyes but
these are purely for light detection, rather than for seeing. They have large protruding front teeth that are used for
digging. These teeth are actually outside their mouths and the lips seal behind the teeth to stop dirt from filling up their
mouths when digging. Their jaws are extremely muscular and if we compared them to a human’s body, they would be
equivalent to the muscles in one of our legs. They need strong muscles in order to dig and keep their mouths shut.
They don’t have any insulating fat underneath their skin and rely on the environment in order to keep warm or cool.
The area that they live in has extremes of temperature – scorching hot in the day and unpleasantly cool at night. To
counteract the cold, they huddle together in a ball or move to areas of their tunnel network which are closer to the
surface where the sun has warmed the soil. If the temperatures are too hot, they move to deeper tunnels which are
cooler.
Inside the tunnel there is very little oxygen and it has poor ventilation, so carbon dioxide builds up. It is like having
your head under the blankets in your bed, permanently. The naked mole rat has very small lungs and its blood has a
strong affinity for oxygen (it is really good at attracting and picking up oxygen). They also have a low respiration rate
because they have an extremely slow metabolism (process of breaking-down food using oxygen to release energy
the body can use). In fact, their metabolic rate is two-thirds the same as a mouse of a similar size. When there is a
drought or food shortage, they can reduce their
metabolism even further, by another 25%. This
reduces their need for food and means they use
even less oxygen.
The skin of the naked mole rat is missing a type
of receptor that is common in mammals. It is the
neurotransmitter (signal to the brain) that feels
the pain of acid and capsaicin (heat chemical
in chillies). This is useful because the build-up
of carbon dioxide causes acid to build up in the
cells of the naked mole rat.
The naked mole rat can live for up to 30 years
which is the longest life span of any rodent.
Typically rodents have short life spans and focus
more on reproducing prolifically (constantly and
in high numbers) in the short time they do have.
Humans have looked at them as a possible hint
towards slowing the aging process. They found
that their long life may be due to their decreased
metabolism which means they don’t make as
many damaging by-products from oxidation.
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They also have genes that improve their mitochondria (organelles that releases energy for body cells to use) and
decrease the amount of oxidation that occurs. Not only do they live longer but they are also resistant to cancer. This
is thought to be due to them having two genetic-blocking mechanisms which stop cells from dividing out of control,
which is what many cancers are.
They feed on large tubers that they mine from underneath the plants above them. The tubers resemble a large
kumara and are often 1000 times bigger than the animal itself. These tubers can last the whole colony for months or
even a year, depending on their size. Also, because the naked mole rats eat so slowly and from the inside of the tuber
out, the tuber has time to regenerate and grow its tissue back so it is like a never-ending food source. The naked
mole rats have a special type of bacteria living in their gut that breaks down the tough indigestible cellulose fibres into
easily digestible fatty acids. They also eat their own faeces, which is called coprophagia. Animals (often rodents or
rabbits) do this to gain maximum nutrition from their food. By passing through the gut a second time, they are able to
extract any nutrients that have been left in the dung. The faeces also contains B and K vitamins which are produced
by the bacteria in their gut and are vital to their health but are in short supply in the tubers they eat.
The naked mole rats have a unique way of reproducing. There is a single queen who is the sole reproducer in the
colony. She is usually larger than the others and can weigh over 50 g. She is quite aggressive to the other females
to prevent them from breeding. The non-reproducing males and females are sterile but not genetically, as they can
become fertile when needed. The queen has three or four males that are the fathers to the young, these are usually
strong males. The queen can live for up to 14 years and in this time have hundreds of offspring. It takes 70 days from
fertilisation to birth and each litter usually has around 11 pups, however, the litters can be as big as 28. The pups
are blind at birth and the queen breast feeds them until they are a month old. They are then looked after by nursery
workers who feed them faeces until they are old enough to digest the tough tubers. When the queen becomes too
old or unwell, other females will fight to become the new queen and some will even leave the colony to start their
own elsewhere.
The naked mole rat colony has a social structure much like that of ants or bees; this is called eusociality. It is where
there is a dominant leader, the queen, who controls the others and organises them into different functional groups.
There are tunnelers who are responsible for digging new tunnels and repairing old ones. They work in teams where
one naked mole rat does the digging and the others form a chain to take the soil out of the tunnel using a backwards
kicking and scraping movement. There are soldiers who are usually more aggressive than the others. The soldiers
search the tunnels and check for members of different colonies, whom they then attack. They also protect the
young and the queen. The queen has a group of workers who look after her and the young. They feed, groom,,
keep them warm and stop the young getting lost. There is a final
group that find food, dig out tubers and bring them back to the
Want to see a video? Visit…
nests.
video.nationalgeographic.com/
video/weirdest-naked-mole-rat
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Sneaky Blister Beetles
The Mojave Desert, in the south west of the United States of America, is a large arid area
that reaches temperatures which often surpass 50ºC in Summer and drop as low
w as
-18ºC in Winter. It is also blasted by hot sandy winds and has very little rainfall.
Within this desert lives a large range
ange of plant and
d
animal species. There is estimated
ated to be 2000
species of plants alone. One special
pecial insect that
calls this hostile environment home is the Meloe franciscanus
or Blister Beetle. Blister Beetles are called this because they
secrete oil droplets from the joints in their exoskeleton which
contains a toxic and harmful chemical called cantharidin that
creates swelling and blisters on the skin.
The adult blister beetle lays her eggs in holes in the ground at
the base of pockets of plants amongst the scorching hot sand.
She digs down into the sand where it is cooler for her eggs to
develop before hatching. The eggs hatch into small larvae which
then have to find food, shelter and water. This means that they
must travel across the extremely hot sand which is hot enough
to fry an egg on. If the larvae spend too much time upon this
sand, they die. Instead, they have evolved a cunning method for
transportation across the desert.
The larvae emerge from their sandy nest and climb up the stem
of the nearest plant. They congregate together and form a clump
of larvae at the top of one of the branches. The ball of larvae
resembles a female Habropoda pallida or digger bee. As well as
the visual resemblance, they also vibrate a buzzing sound and
release a pheromone (chemical signal) that is very similar to the
chemical released by the female bees when they want to mate.
These three behaviours together make the ball of larvae more
attractive to male digger bees.
Scientists extracted the pheromone from the larvae and coated balls of tinfoil
in it. They then attached these tinfoil balls to sticks in the desert and found
that the male bees tried to mate with the tinfoil, proving that the pheromone
the larvae make is strong enough to attract bees.
The male bee then flies to the larvae ball and begins to mate with the ball
of larvae, thinking it is a female bee. The larvae then swarm onto him and
attach themselves to the hairs on his body. The male bee isn’t harmed at
all and flies around until he finds another female bee. As he mates with
her, the larvae swap hosts and attach themselves to the female bee. The
female digger bee eventually flies to her nest below the sand. This is where
the larvae get off and spend the rest of their juvenile lives feeding on her
supplies. She stores large amounts of pollen in her underground nest in
preparation for her young. The larvae eat this pollen and also any young bees that emerge. The blister beetle larvae
have all the food that they need to grow into adults. When ready, they leave the bee’s nest, mate with female blister
beetles and then lay their own eggs elsewhere. It makes sense to leave the bees nest as the larvae have eaten all
the supplies so there is no food left for their own young to eat.
Want to see some videos? Visit…

www.arkive.org/blister-beetle/meloefranciscanus/video-09b.html
www.arkive.org/blister-beetle/meloefranciscanus/video-09a.html
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Sheep Genetics

Feature

The following table shows genetic features of sheep.

1.

Dominant

Recessivee

Ear Colour

white (E)

black (e)

Wool Type

long (T)

short (t)

Number of Lower Teeth

three (N)

five (n)

Has Multiple Births

no (B)

yes (b)

Tail Length

long (A)

short (a)

Bleat

deep (D)

d)
high pitched (d)

Shaun the sheep has the following genotypes. Describe his phenotype.

Aa

2.

nn

EE

dd

Bb

tt

Shaun is mated with a female sheep (Betty). She is homozygous recessive for all features.
Betty’s genotype is
Betty’s phenotype is

3.

Use Punnett squares to work out the chance of their offspring having each feature.

Feature
Ear Colour
Shaun:
Betty:

Wool Type
Shaun:
Betty:

Punnett Square

Phenotypes of Offspring
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Number of Lower Teeth
Shaun:
Betty:

Has Multiple Births
Shaun:
Betty:

Tail Length
Shaun:
Betty:

Bleat
Shaun:
Betty:

4.

Shaun is said to be pure-bred for white ears. What does this mean?

5.

Complete the following by filling in the gaps and completing the Punnett squares.

Because Shaun has white ears, he could have the genotype

or

. As he is pure-bred, we would expect him to have the genotype

Punnett Square 1:
Pure-Bred Shaun

Punnett Square 2:
Not Pure-Bred Shaun

. We can test if he is pure-bred by mating him with a female
sheep that is h

r
and the phenotype

for ear colour and would have the genotype

. If Shaun was pure-bred, then as Punnett
square 1 shows, all offspring would have
there would be a mixture of

ears. If he wasn’t pre-bred, then as Punnett square 2 shows,
and

ears in the lambs.
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Word Games
1.

Terminology Tornado

Using the following science term, see how many words of 3 or more letters you can make in 10 minutes.

art

r
dig e

Pe

e Ch

Points
3-4 letters = 1 point
5+ letters = 2 points
Scores
0-5 points = awful
6-10 = average
10+ = amazing

2. Six Word Scramble
Use the clues to work out what the 6 key science words are and then spell the word in the grid by colouring in the
squares that make up the word. Use different colours for each answer.
Clues

OUS

ADA

NOT

HET

ES

NES

OS

IS

b. To change. (5)

____________

MEI

MAL

YG

GE

d. The alleles that an organism has. (8)

____________

EROZ

YPE

PT

GE

f.

____________

a. Cell division that produces sex cells/gametes. (7)

c. Having two different alleles. (12)

____________

e. The sections of DNA that code for our features. (5)
Who carries the XY chromosomes. (5)

____________

____________

3. Block Buster
Cross out each of the words that fit with one of the clues. You will be left with one word that doesn’t fit; this is your
answer.
base

thick fur
large ears

freckles
G

gametes made
thymine

sugar

daughter cells
dimples

DNA copied
phosphate

cleft chin

pointed beak

two cells made
phenotype

sharp teeth
hydrogen bond

webbed feet

four cells made

tongue roll
tall stem

cells split
A

Clues

a. parts of DNA

b. dominant human traits
c. structural adaptations
d. mitosis and meiosis
Answer
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4. Crossword
Across
4. Holds the two DNA strands together. (2 words)
11. Shows a certain trait’s inheritance over several
generations and looks like a family tree. (2 words)
13. Pairs with Guanine in DNA.
14. The letter used to represent a dominant allele.

1
2

3
4

5

6

7
8

9

10

11

12

Down

1. XX
2. Another word for
homozygous.
3. Number of
chromosome pairs
in a human.
(2 words)
5. Made up of
nucleotides.
6. The scientific word
for babies.
7. XX or XY
(2 words)
8. Another word for
differences.
9. Cell division that
produces sex cells.
10. Physical features
of an organism.
12. The alleles an
organism has.

13

14

5. Roundabouts
Find the 9 science terms related to this topic by solving the puzzle below. Each circle
contains a term (one or two words) which runs either clockwise or anti-clockwise
and can start anywhere in the circle. When you have worked out each answer, put
them in alphabetical order opposite.

yto

da

se

mi

ble

mo

lo
ce

no

is

ou

it u

ho

mo

ep

u cl

na

ce

re v

ds a

lix d

orh

a ci

he

tio

m

ne

pta

hp

o us

tid

eo

so

ve

no

zyg

Answers (in alphabetical order)

13

en

14
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6. Word Hunter
Use the clues to help you find the 13 genetics words in the letter grid below. Give each clue a colour and use it to
shade the corresponding answer.
Clues
Type of cell division for growth.

T

N

S

P

A

H

N

S

O

O

S

S

S

I

C

R

Y

S

E

N

T

L

R

A

U

E

M

C

E

H

U

E

N

L

S

Y

H

O

S

I

X

T

L

E

R

S

I

M Z

L

G

Z

T

S

D

T

E

I

H

O M O

Z

Y

G

O

U

S

A

R

L

R

D

M M

T

Z

X

S

E

M M

S

I

L

E

M

N

M O

T

I

L

O

S

L

A

P

A

N

N

C

R

I

S

C

L

E

E

S

I

L

The base that pairs with thymine in DNA.

S

I

N

E

O

S

U

O

O

E

A

O

T

E

Contains DNA in a cell.

R

N

T

N

G

N

D

O M

I

N

A

N

T

C

E

R

A

U

Q

S

T

T

E

N

N

U

P

Section of DNA that codes for a specific
feature.

H

D

E

R

U

R

E

C

E

S

S

I

V

E

R

A

I

E

L

E

R

T

O

O

Y

U

G

H

Humans have 46 of these.
Male sex chromosomes.
The allele that always shows up if present.
The tool used to predict genetic crosses.
The different forms of a gene.
BB or bb
The allele represented by a lowercase letter.

Having two different alleles.
Three DNA bases.

7. Lingo Lattice
All of the answers to the questions are in the lattice below, either as a word or picture. Once you have found each
one, there will be one left over, this is the final answer.

1.

Questions
What process occurs when we grow or repair after
injury?

haploid

diploid

2. What is the shape of DNA?
3. What is half a set of chromosomes?
4. What is an example of a gamete?
5. Which is homozygous dominant?
6. What is a full set of chromosomes?

allele

BB

7. What is used to show predictions from specific genetic
crosses?
8. Which word describes a type of adaptation which involves
how an organism acts?

mitosis

9. What describes the different forms of a gene?
10. What is composed of a base, sugar and phosphate?
11. What describes an allele that always shows up if present?
Final Answer

nucleotide

dominant

behavioural

