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3.1Genes & Chromosomes YOURlNOTES

Genes & Polypeptides

¢ Ageneisasection orlength of DNAthat codes fora polypeptide
¢ Genes areheritable factors thatinfluence specific characteristics (via the polypeptides
produced)
o Characteristic means a feature of an organism like height in pea plants orblood
group inhumans
o Heritable means genes are factors that pass from parent to offspring during
reproduction

¢ Ageneoccupies a specific position on achromosome
e The genefora particularcharacteristic is always found at the same position orlocus (plural
is loci) on a particularchromosome

OF NUCLEOTIDES)
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A gene consists of alength of DNA foundin the nucleus. This length of DNA causes a specific
characteristic by coding for specific polypeptides.
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O ExamTip YOURlNOTES

Remember - each chromosome in a human cell nucleus contains one very long DNA
molecule. This DNA molecule is made up of thousands of specific nucleotide
sequences called genes that code for specific polypeptides.

Loci

¢ Asingle chromosome contains several hundred or thousands of genes
o Dependenton thelength of the chromosome

¢ Through experiments and genetic mapping techniques, scientists were able to work out
the specific physical location of a gene on a chromosome

e Thelocation of a gene on a chromosomeis known as its locus (the plural of locus is loci)

e Each geneoccupies aspecificlocus so that the gene fora particular characteristic is
always found at the same position on a particularchromosome
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Comparing the Number of Genes YOURNOTES
l

e Speciesvaryinthe number of genes they have
e Thenumberof genes a species hasis not related to the size/complexity oreven the
sophistication of the organism
o Becausegenescanvaryinlength

¢ Countingthe exact number of genes ina species is difficult, so you may see conflicting
numbers in different sources

¢ Humans have around 20,000 genes

¢ Dogs have19,000 genes, which is less than humans

¢ Awater fleahas more than a humanwith 31,000 genes

e E.coli,abacterium, has only 4,300 genes

e Ariceplanthas 41,500 genes

Comparing the Number of Genes between Different Organisms Table

Human Water flea Bacterium Rice plant
E.coli

= ()

= ( 1z

. N /A5
Organism : > | NG
: & a N7

Approximate

20,000 19,000 31,000 4300 41,500
number of genes

¢) ExamTip

¥ Forthe comparison of the number of genes you need to know atleast one plantand
one bacterium, and at least one species with more than humans and one species
with fewer genes than humans.The "number of genes" should not be referred to or
confused with "genome size" as this termis usedfor the totalamount of DNA
(usually measuredin the number of base pairs). Much of a eukaryotic species’
genome does not code for polypeptides.
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Alleles

e Agenecodes fora specific polypeptide that can affect a specific trait or characteristicin an
organism
o Eg.bloodtype

¢ Alternative forms of a gene can exist, these various specific forms are called alleles
o Notethatalthough alleles are different forms of the same gene, they all stilloccupy the
same locus on the chromosome
o New alleles occurthrough mutations

e Multiple alleles can exist fora gene that determines a specific trait
o Each alleleresults in a different variation of that trait
= Eg.bloodtypes A B,ABandO

e Thechromosomes of eukaryotic cells occurin homologous pairs (there are two copies of
each chromosome, one copy inherited from each parent) which means that cells have two
copies of every gene

o Asaresult, acellpossesses two alleles of every gene withinits nucleus

o Whenthetwo alleles atalocus are the same/identical they are described as
homozygous
o Whenthetwo alleles atalocus are different they are described as heterozygous

- CHROMOSOME

GENE OCCUPYING ITS_
LOCUS (POSITION)

ALLELES: DIFFERENT FORMS
OF THE SAME GENE

- CENTROMERE

AT THIS LOCUS THE ALLELES
ARE HOMOZYGOUS: FF

AT THIS LOCUS THE ALLELES ey
ARE HETEROZYGOUS: Hh

HOMOLOGOUS CHROMOSOMES
EXIST IN PAIRS

Chromosomes showing genes, lociand alleles
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Differences between Alleles YOURNOTES

¢ Alleles differ from each otherby one or only a few bases {
e Evenaverysmallchangeinbase sequence can bring about a large effectin gene function,
with a large knock-on effect on the phenotype
¢ Eventhough different alleles of a gene have slightly different base sequences, they still
occupy the samelocus on the chromosome
¢ Sincethe Human Genome Project, sophisticated techniques can analyse different alleles
¢ Thesetechniques are becoming faster, more accurate and more accessible to individuals
o Comparable sequences can be analysed down toindividual bases to determine
evolutionary relationships
o The more differencesin base sequence, the furtheraparttwo species arein
evolutionary terms

¢ Theexactpositions where bases differ between alleles are called SNPs or snips (Single
Nucleotide Polymorphisms)
o Anallele canhave several snips but still only differ by a few bases fromits otherallele

(’) ExamTip

Use the term allele wherever possible in written answers, as it's always a more
precise termthan gene.
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Mutation

¢ Agenemutationis achangeinthe sequence of base pairsin a DNA molecule; this may
resultinanew allele
o Mutations occurall the time andatrandom
o There are certain points in the cell cycle when mutations are more likely to occur, for
example, copying errors when DNAis being replicated (S phase of interphase)

* Asthe DNAbase sequence determines the sequence of amino acids that makeup a
polypeptide, mutations ina gene can sometimes lead to a changein the polypeptide that
the gene codes for

¢ Mostmutations are harmful or neutral (have no effect) but some can be beneficial

¢ Inheritance of mutations:

o Mutations presentin normalbody cells are notinherited, they are eliminated from the
population once those cells die
o Mutations within gametes are inherited by offspring, possibly causing genetic disease

Substitution mutations

¢ Amutationthatoccurs when a basein the DNA sequenceis randomly swapped fora
differentbaseis known as a substitution mutation

¢ Asubstitution mutation willonly change the amino acid for the triplet (group of three
consecutive bases) where the mutation occurs; it willnot have a knock-on effect further
alongthe gene/polypeptide

ORIGINAL GENE T _Aauilipae e~ gl ' c T T

[ L | 0 I O I
AMINO ACID r i % | {e

A ' Ay ! G
CODED FOR e e e
% SUBSTITUTED BASE|

MUTATED GENE ToMETA G {AYlC T T

Fam| : | o] | |
AMINO ACID 4 N ’ 4‘?% ‘ 45‘0@/

Sy, /4/5; N

CODED FOR 7S

An example of a substitution mutation altering the sequence of amino acids in the
polypeptide

O Exam Tip

You don't need to know about deletions, insertions and frameshift mutations - just
substitution mutations!
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Sickle Cell Anaemia

¢ Asmallchangetoagene canhave serious consequences foran organism
» Sicklecellanaemiais a genetic disease caused by a single base substitution mutation
within the gene (Hb) that codes for the alpha-globin polypeptide in haemoglobin
o Mosthumans have the normal allele HbA

The mutation that occurs

¢ Withinthe haemoglobin gene, the base thymine (T) is replaced by the base adenine (A).
This causes the DNA triplet GAG to mutateto GTG

¢ Themutated DNA codon GTGis transcribed into the mRNA codon GUG, instead of GAG

e Duringtranslation the amino acid valine (VAL) replaces the original amino acid glutamic
acid (GLU); this occurs on the sixth position of the polypeptide

« Theslightly different polypeptide results in a new allele, HbS

NORMAL MUTATION

T T
G A G G [T| G

DNA
!
N
T T
mRNA G Al —] MUTATION = G G
PROTEIN H GLU H VAL
NORMAL SICKLE CELL
HAEMOGLOBIN HAEMOGLOBIN

THE AMINO ACID VALINE REPLACES THE ORIGINAL
AMINO ACID GLUTAMIC ACID; THIS OCCURS ON
THE SIXTH POSITION OF THE POLYPEPTIDE

Abase substitution on the DNA moleculeresults in a change in the amino acid at position 6 of
the haemoglobin polypeptide, altering the overall structure and function of the protein
The effects

¢ Theprotein haemoglobin Sis producedinstead of haemoglobin A; this causes a distortion
inthe shape of thered blood cells into sickle shapes
¢ Sickle-shapedredbloodcells:
o Have alimited oxygen-carrying capacity
o Block the capillaries limiting the flow of normalred blood cells

¢ Peoplewith sickle cellanaemia suffer from acute pain, fatigue and anaemia
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e Thereis a correlation between sickle cell anaemia and malaria
o Inareas withincreased malaria cases, thereis anincreased frequency of sickle cell
alleles

NORMAL RED BLOOD
_CELL WITH SICKLE CELL WITH
NORMAL ABNORMAL
HAEMOGLOBIN HAEMOGLOBIN

SICKLE CELLS BLOCK
THE BLOOD FLOW

£
& @ J bJ q((

] BLOOD FLOW [=>

Normal redblood cells andsickle cell blood cells. The sickle cells cause a blockagein the
capillary, restricting blood flow.
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YOURNOTES

l
Genome

The total of all the geneticinformationin an organismis called the genome of the
organism

This is a complete set of genes present within every cell of an organism
Thisincludes all genes as well as non-coding DNA sequences

Mitochondrial DNA and chloroplast DNA areincludedin the genome

In a prokaryote cell, plasmid DNA s includedinits genome
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Comparing Genome Size YOURNOTES

Advances in technology have allowed scientists to write the whole sequence of the genes {
within an organism's genome
Genome-wide comparisons can now be made betweenindividuals and between species
Sequencing projects have read the genomes of a wide range of organisms from bacteria
tohumans
Genome sizes can differin different organisms:
o Viruses andbacteria tend to have very small genomes
o Prokaryotes tendto have smallergenomes than eukaryotes
o Thesize of plant genomes canvary widely

Comparing the Genome Size of Different Organisms Table
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Genom Size (in l
Organism Common names  million base pairs)

Virus that
attacks E.coli 0.17
E. coli
/ Bacterium 5
Drosophila
meldnogaster

\%i Fruit Fly 140

Homo sapiens

Human 3000

Paris japonica

Woodland Plant 150,000
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Human Genome Project YOURNOTES
!

e TheHuman Genome Project (HGP) was aninternational, collaborative, research
programme to sequence the entire human genome
e Theworkbeganin1990, was publicly funded, and shared among more than 200
laboratories around the world, avoiding duplication of effort
o Different labs sequenced different chromosomes

 DNAsamples were taken from multiple people around the world, sequenced, andusedto
create areference genome

* Because of rapidimprovements in base sequencing technology the project finished ahead
of time and was published in April 2003

¢ Thefinished genome was over 3 billionbase pairs long but contained only about 25,000
genes

 The HGP discovered new data about non-coding DNA, suggesting thatit plays an active
roleinthe cell,andthatitisn'tjust'junk’ DNA

e Thesequence of the DNAIs storedin databases available to anyone on the Internet

* Atthesametimeasthe HGP, teams of scientists set about the sequencing of the DNA of
other organisms. This included the human gut bacterium, E. coli, the fruit fly and the mouse.
Since then, more than 30 non-human genomes have been sequenced

Applications of the Human Genome Project

¢ Threekeyimpacts of the HGP include:
o Howmany individual genes we have and how they work
o Locatingthe cause of genetic disorders
o Development of the new discipline of bioinformatics (the storage, manipulation and
analysis of biologicalinformation via computer)

¢ Thesequencing of the human genome has shown that all humans share the vast majority
(99.9%) of their base sequences, but also that there are many SNPs that contribute to
human diversity
e Theinformation generated fromthe HGP has been usedto tackle human health issues with
the end goal of finding cures for diseases
¢ Scientists have noticed a correlation between changes in specific genes and the
likelihood of developing certaininherited diseases
o Several genes within the human genome have been linked to increasedrisk of certain
cancers
o Therehave also been specific genes linked to the development of Alzheimer's
disease

¢ Ethical, legal and social issues are generated by the project
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Genome Sequencing Techniques YOURNOTES
l

technology; gene sequencers, essentially lasers and optical detectors, are
used for the sequencing of genes

In scientificresearch, critical developments often follow improvements in scientific
apparatus
Forexample, distant objects in Space often remain undiscovered until a telescope (or
some other piece of equipment) powerful enough to detect themis developed
The fact that scientificresearchis often held back by a lack of sufficiently powerful or
precise apparatus is a problem that will continue into the future
In some ways, this is very exciting, as it suggests that our scientific knowledge and
understanding of the universe will continue to expand as new scientific techniques and
technologies are developed
Investigations such as the Human Genome Project are dependent on the use of powerful
computers andimprovements in technology to store and analyse vast quantities of data
To sequence a genome:
o Theentire genomeis broken up into manageable pieces and then the fragments are
separated so that they can be sequencedindividually
o Single-stranded copies are made
o Nucleotides are each tagged with a differently coloured fluorescent marker, one for
each base, adenine, cytosine, guanine and thymine
o Samples are separated according tolength, by capillary electrophoresis machine.
This procedure is very high resolution and distinguishes DNA fragments that differin
size by only a single nucleotide
o Afterseparation, alaserbeam makes the fluorescent markers fluoresce
o Then an optical detectorlinked to a computer deduces the base sequence fromthe
sequence of colours detected

This process highlights the use of a database to determine differences in thebase
sequence of agenein two species
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2 Q/ YOURNOTES
CAPILLARY GEL
ELECTROPHORESIS l
DNA FRAGMENTS
—— Q) N
C————mmO 9 \
|
| — ) I
FILTER :
— ) K
| — ) >—/ 4 % —
: T —
[ — ] : g —
| — : COMPUTATIONAL Lt
: SEQUENCE ANALYSIS c %
| — g |

UU“"-,.‘"U"-L;"I M-&U.

\__.

PRIMER NUCLEOTIDES
—— ]

@ddTTP @ddCTP
O©ddATP OddGTP

FLUORESCENTM
MARKERS

O-H0rorr o

- O P>

ONE MARKER FOR
EACH BASE: AGCT

Gene sequencingis made possible by the use of optical laser technology, optical
detectors, and computers

Page 15 of 129

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, Past Papers



https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

Prokaryotic Chromosomes

The DNAin prokaryotic cells is significantly different from the DNA found in eukaryotic cells
Prokaryotes do not contain a nucleus therefore the DNAis located in the cytoplasm of the
cell
Prokaryotic DNA consists of a single, circular chromosome

o |tis sometimes referredto as a nucleoid

The DNA within prokaryotic cells is not associated with any proteins
o Prokaryotic DNAis sometimes referred to as naked
o Eukaryotic DNA associates with histone proteins

Plasmids

Prokaryotes also usually have one or more plasmids
o Most eukaryotes do not contain plasmids
o Yeast arethe only types of eukaryotes that contain plasmids similarto thosein
prokaryotes

Plasmids are very small circular DNA molecules
o Theyusually only contain a few genes
o They areshort, typically 100,000 base pairsinlength

They are more accessible for proteins required for gene expression and therefore contain
genes that arerequired often, quickly and/orin emergencies

Plasmids can sometimes be passed 'sideways' from one cell to another, outside of the
normalinheritance pattern during cell division

They can also be used as a vector during genetic engineering to transfer DNA between species

° NUCLEOID (CHROMOSOMAL DNA)

Image showing the arrangement of DNA within a prokaryotic cell
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Autoradiography YOURNOTES
l

techniques; autoradiography was used to establish the length of DNA
molecules in chromosomes

In scientificresearch, critical developments often follow improvements in scientific
apparatus
o Forexample, distant objects in Space often remain undiscovered until a telescope (or
some other piece of equipment) powerful enough to detect themis developed

The fact that scientific researchis often held back by a lack of sufficiently powerful or
precise apparatus is a problem that will continue into the future
In some ways, this is very exciting, as it suggests that our scientific knowledge and
understanding of the universe will continue to expand as new scientific techniques and
technologies are developed
Autoradiography is a technique used to study DNA by labelling it using radioactive
isotopes

o Theseisotopes were fed to E. colibacteria which incorporated theminto their DNA

When exposedto a photographic filmtheradioactive isotopes caused the film to become
developed, resulting in animage of the DNA being produced
In orderto do this scientists use aradioactive version of the DNA base thymine, due to the
factthisisn't foundin RNA
o Thereasonwhy the thymineis radioactiveis becauseit contains tritium, a radioactive
isotope of hydrogen
o If scientists want to study RNA (forexample, during the process of transcription) they
canusearadioactive version of uracil instead, as this is not found in DNA

This technique can be usedto study DNA in both eukaryotes and prokaryotes
Inthe past, this technique has been used to make new discoveries about the length and
shape of DNAindifferent organisms
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Cairns' Experimental Technique YOURNOTES

Cairns’ technique for measuring the length of DNA molecules by {
autoradiography

e John Cairns was a scientist working in the field of molecular genetics and cancerresearchin
the1960s
o During this time he pioneered a technique of using autoradiography to study the DNA
of E. colito determineits length and shape

¢ Themethodthat Cairns usedis as follows:

o Hefirstkeptthe E. colibacteriain a nutrient broth containing a tritiated thymidine
whichis aradioactive version of the DNA base thymine attached to a deoxyribose
sugar
TheE. colibacteriaincorporated these bases into their DNA during replication. This
meant that after several generations the DNA was fully radioactive
Hethenlysed the cells using an enzyme called lysozyme, breaking apart the cell
walls, which allowed the DNAto be accessed
The DNAwas fixed into position onto a membrane
The membrane was submerged in a photographic emulsion containing silverions
(Ag*) fortwo months
When the silverions were exposedto the radioactive DNA, theions were reduced to
silvermetal. The grains of silver metal caused visible black dots to appearin the
photographic emulsion
Once this emulsion had been developed it could be viewed under an electron
microscope andthelength and shape of DNA could be studied

o

o]

(e}

(e}

]

o

¢ Byusingthis technique Cairns made many important discoveries
o HefoundthatE. colicontains a single, circular chromosome of DNA
o Healsomeasuredthelength of the circular chromosome to be 1100pumlong (550
times biggerthan the E. coli cellitself)
o Cairns laterwent on to makeimportant discoveries about the method of DNA
replicationin prokaryotes using this same technique
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The Cairns' technique of using autoradiography to view DNA
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Eukaryotic Chromosomes
e Chromosomes in eukaryotic cells are one, very long DNA molecule associated with
proteins

o Themain proteins present are the large, positively charged globular proteins called

histones, theirrole is to organise and wrap the DNA tightly so thatit fits into the
nucleus

o The otherproteins are enzymes usedin copying andrepairing the DNA

e Thetightly coiled combination of DNA and proteins is called chromatin - this is what
chromosomes are made of

CHROMATID

CHROMATIN

= ~

CHROMOSOME %}

HISTONE: A PROTEIN {/
ASSOCIATED WITH DNA

DNA is coiled around histone proteins to form chromatin

The replication of chromosomes

e Duringinterphase (the period before mitosis) the DNAreplicates to create two identical

strands of DNA called chromatids, joined together by a narrow region called the
centromere
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¢ Thetwo chromatids that make up the double structure of achromosome are known as YOURNOTES
‘sister chromatids’ l
¢ [tisimportant that the sister chromatids areidentical in order to produce genetically
identical daughter cells via mitosis
o During anaphase of mitosis one chromatid ends up in one daughter cell while the
otherchromatid ends upin the otherdaughtercell
o Afterthe centromereis splitapartat the start of anaphase the chromatids are referred
to asindividual chromosomes again

CTELOMERES TWO GENETICALLY

IDENTICAL

_ CHROMOSOMES
CHROMOSOME ;
(AFTER MITOSIS) ‘
ANAPHASE
INTERPHASE (S)
=] | CENTROMERE [—>
DNA REPLICATES SPLITS
- CENTROMERE |

_SISTER CHROMATIDS
(GENETICALLY IDENTICAL)

)

Q00999 L2 9>

= SUPERCOILED
‘1. - DNA FORMING

GENE 1

CHROMATIN

DNA
» DOUBLE
HELIX

GENE 2

YOODDODHD
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Diagramillustrating the structure of achromosome at different stages of mitosis YOURNOTES
_ l
(') ExamTip
¥ ltis important to distinguish between the terms chromatid, sister chromatids and
chromosomes.
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Different Types of Chromosomes

¢ Inaeukaryote species, there are different chromosomes that carry different genes
e Duringmitosis, chromosomes become denser by supercoiling, so are easier toobserve
thanwhen they areininterphase
¢ Differenttypes of chromosomes canbe seen
o Theydifferinlength and the position of the centromere

¢ Humans have 23 types of chromosomes
o Thelargestoneis numbered]
o The smallestis numbered 22
o Pair23is the pairof sexchromosomes (XX or XY)

¢ Humans have between 20,000 and 25,000 genes across all46 chromosomes
* Specific genes always appear at the samelocus (position) of a particular chromosome,
forexample:
o The SRY gene foundontheY chromosome causes the development of male genitalia
such as thetestes
o The genesthatdetermine eye colourarelocated on chromosome 15
o The genewith a faulty version that leads to the disease cystic fibrosis is located on
chromosome?7

¢ Inotherwords, each chromosome type contains specific genes arranged in a standard
sequence
o This property allows forthe exchange of genetic material between chromosomes
during meiosis

GENE OCCUPYING ITS - CHROMOSOME

LOCUS (POSITION)

ALLELES: DIFFERENT FORMS
OF THE SAME GENE

- CENTROMERE

AT THIS LOCUS THE ALLELES
ARE HOMOZYGOUS: FF

AT THIS LOCUS THE ALLELES g
ARE HETEROZYGOUS: Hh

HOMOLOGOUS CHROMOSOMES
EXIST IN PAIRS

A pair of homologous chromosomes showing the loci of various alleles
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Homologous Chromosomes

¢ Indiploid cells there are two complete sets of chromosomes in the nucleus
¢ Homologous chromosomes
o Carrythe same genes at the sameloci
o Arethe sameshape
o Arenotusually identical because they may be carrying different alleles to each othe

e Duringfertilization, a diploid zygote is formed
o Inazygote, one chromosome of each homologous paircomes from the female
gamete and the other comes from the male gamete

¢ Havingthe same genesinthe samelocihelps homologous chromosomes lineup
alongside each other during Metaphase 1 of meiosis
¢ Inphotomicrographs, chromosomes are often groupedinto theirhomologous pairs
o Theseareshownina picture formatas a karyogram
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Human karyogram showing homologous chromosomes

(’) Exam Tip

Although homologous pairs of chromosomes contain the same genes in the same
order they don’t necessarily carry the same alleles (form) of each gene!
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YOURNOTES

l
Haploid

Haploid nuclei have one chromosome of each pair

* Haploidcells contain one complete set of chromosomes (n)
o Inotherwords, they have half the number of chromosomes compared to normal body
cells
o Humans have haploid cells that contain 23 chromosomes in theirnucleus
= Onechromosome from each pair
= n=23

o Thesehaploidcells are called gametes and they are involvedin sexual reproduction
o Inanimals, they are the female egg and the male sperm

HAPLOID )
NUCLEUS (n)

HAPLOID .
NUCLEUS (n)

A SPERM CELL AN EGG CELL

Gametes are haploidcells
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Diploid YOURNOTES

Diploid nuclei have pairs of homologous chromosomes {

Adiploid cellis a cell that contains two complete sets of chromosomes (2n)

These chromosomes contain all the DNA necessary for protein synthesis and cell function
Adiploid cell (zygote) is formed from the fusion of two haploid gametes at fertilisation
Nearly all cells in the human body are diploid with 23 pairs (46 in total) of chromosomes in
theirnucleus

o Redbloodcells are an exception to this rule because they do not contain a nucleus

2n=46inhumans
Having two alleles gives some protection from harmful mutations that are recessive
o Thereis a copy of the correctly-functioning allele still present

Hybrid vigouris often observedin individuals with two different alleles, and can be seen
as strong growth and general good health

OE©

HAPLOID CELL n DIPLOID CELL 2n

5 i

Haploid (n) and Diploid (2n) cells
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Number of Chromosomes

The number of chromosomes is a characteristic feature of members of a

species
e Duringfertilisation the nuclei of gametes fuse together to form the nucleus of the zygote
¢ Both gametes must contain the same number of chromosomes in order for the zygote to
beviable. If a zygote has too many ortoo few chromosomes it may not survive
e Foradiploidzygote this means that the gametes must be haploid
o n+n=2n

e Meiosis produces haploid gametes during sexual reproduction
e Thefirst cell division of meiosis is a reduction division (reduces the number of
chromosomes)
o Thisis a nuclear division that reduces the chromosome number of a cell
o Inhumans, the chromosome numberis reduced from 46 (diploid) to 23 (haploid)

e Thereductionin chromosome number during meiosis ensures the gametes formed are
haploid
e Sometimes during evolution, there can be a change in the number of chromosomes a
species has; these events areveryrare
o Breadwheat (Triticum aestivum) is a species with six sets of chromosomes (6n)
o Thesechanges didn't occurrandomly but were intentionally bred by humans to
produce ideal characteristics in the bread wheat

SEXUAL REPRODUCTION
/ EITHER CNJ

B . .

The maintenance of chromosome number through reduction divisionin a mammalian life
cycle

e FERTILIZATION: NUCLEI OF
GAMETES FUSE TOGETHER

n+n=2n
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Comparison of Chromosome Numbers

Comparison of diploid chromosome numbers of humans, chimpanzees,
dogs, rice and horse threadworm

¢ These are theirspecies binomialnames
o Homo sapiens, Pan troglodytes, Canis familiaris, Oryza sativa, Parascaris equorum

¢ Thenumberof chromosomes possessed by different species varies andis dependent
upon changes thathave occurred during that species' evolution
¢ Eachindividualin a species always has the same number of chromosomes (otherthanina
few rareinstances where a chromosome mutation has occurred)
o Ananalogy is alarge, single book containing a trilogy (3) of shorter books; the shorter
books could be published separately and still contain the same amount of information

¢ Acomparison of the chromosome number of these five selected species can be found
below:

Comparison of Chromosome Numbers Table

Diploid Chromosome  Haploid Chromosome

Name of Species Number (2n) Number (n)
Horse threadworm 4 2
(Parascaris equorum)

Rice (Oryza sativa) 24 12
Human (Homo sapiens) 46 23
Chimpanzee (Pan 48 24
troglodytes)

Dog (Canis familiaris) 78 39

* Notethat the diploid numbermust always be an even number
o Thisis because the diploid number(2n) must always be divisible by two to produce the
haploid number (n)
o Thehaploid numbermust always be a whole number

¢ Aninteresting comparison to makeis that the number of chromosomes a species
possesses is hot linked to how 'advanced' a speciesis in evolutionary terms
o Chimpanzees and dogs have more chromosomes than humans even though they
have evolvedto beless intelligent and complex than humans
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O Exam Tip YOURlNOTES

You may be asked to estimate the number of chromosomes that would be present
in the haploid cell of a species. Forexample, dogs have 78 chromosomes in their
diploid cells. When trying to find the number of chromosomes in their haploid cells
simply remember that diploid is 2n and haploid is n, meaning you just need to divide
the number of chromosomes by 2. So dogs have 39 chromosomes in their haploid
cells!
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Sex Determination

Sexis determined by an entire chromosome pair (as opposed to most other
characteristics that are just determined by one ora number of genes)
Females have the sexchromosomes (pair 23 in humans) XX
Males have the sex chromosomes (pair 23 in humans) XY
o Notethattherule XX forfemales and XY for males applies to mammals, but notto all
species

All other chromosomes (pairs 1- 22 in humans) are autosomes and have noinfluence on
determining the sex of offspring
Becauseonly afathercan passonaY chromosome, heis responsible for determining the
sex of the child
o Duetomeiosis, half of his sperm cells will carry his Xchromosome, half his Y
chromosome
o The chromosome carried by the sperm that fertilizes the egg will determine the sex of
the child
o His daughters receive a copy of his Xchromosome
o His sonsreceive a copy of his Y chromosome
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#save myexams

Sperm cells determine the sex of offspring

¢ Theinheritance of sexcan be shown using a genetic diagram (known as a Punnett square),
with the XandY chromosomes taking the place of the alleles usually written in the boxes
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MOTHER (XX}
GAMETES o x X USUALLY WE ONLY REPRESENT

ALLELES IN A PUNNETT SQUARE.
INHERITANCE OF SEX  DEPENDS
xx Xx UPON WHICH SEX CHROMOSOMES A
PERSON HAS, SO THIS IS THE

X
Y XY MY ONLY TIME WE USE CHROMOSOMES,
|5

LRATHER THAN ALLELES.

OFFSPRING RATIO: 41:1
—-50% CHANCE OF A BOY (XY) _
—50% CHANCE OF A GIRL (XX}

“EACH TIME FERTILISATION OCCURS

@ savemyexams

Punnett square showing the inheritance of sex

Genes carried by Xand Y chromosomes

¢ The Xchromosomeis larger thantheY, andhas its centromere more central than onthe Y
chromosome
o Fewergenes are codedforontheY chromosome as aresult
= The Xcarries around 16 x more genes thanthe Y chromosome

o Non-sex phenotypic traits, including certain blood clotting factors, are coded foron
the XchromosomebutnotontheY

e TheY chromosome carries genes that code for male characteristics
¢ Oneofthesegenesis the SRY gene whichisinvolvedin

o Development of testes in male embryos

o Production of testosterone

e Females don'treceive these genes, soinstead, ovaries develop and female sexhormones
are expressed
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Karyograms

e Duringthe stages of mitosis, chromosomes condense (become visible)
o Thisis most notablein metaphase

¢ Staining canreveal distinctive banding patterns on chromosomes at this stage

* Theposition of the centromere will also give a clue about which homologous paira
chromosome belongs to

e Theprocess can be frozen in time using computerimage analysis of all the chromosomes

e Chromosomes can be placed intheirhomologous pairs

¢ Akaryogramwill show all the chromosomes in homologous pairs, starting with the longest

pairand ending with the shortest
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Human karyogram showing homologous chromosomes. The presence of XY reveals this to
beamale.
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Use of Karyograms

Use of karyotypes to deduce sexin humans

¢ Karyograms can beusedtoexamine anindividual's karyotype
¢ This canreveal the sex of anindividual by the appearance of the sex chromosome pair
e AY chromosomeis considerably shorter than an X chromosome

o XX chromosomes mean anindividualis female

o XY chromosomes mean anindividualis male

XX CHROMOSOMES XY CHROMOSOMES
FEMALE /A MALE
N\ @

Appearance of the XXand XY chromosomes. Note the Y chromosome is much shorter than
the X.

Use of karyotypes to diagnose Down syndrome in humans

e Mutations can occurat differentlevels, not just mis-copying of individual DNA bases
o Chromosome mutationsinvolve a changein the number of chromosomes
o Aspontaneous chromosome mutation called non-disjunction occurs when
chromosomes fail to separate during meiosis

e The gametes may end up with one extra copy of a particular chromosome orno copies of a
particularchromosome

e These gametes willhave a different number of chromosomes compared to the normal
haploid number

¢ Many such gametes will form a non-viable embryo that aborts before becoming a foetus,
butnot always

¢ |ftheabnormal gametes combinein viable fertilization (one thatleads to a live birth), then a
chromosome mutation occurs as the diploid cell will have the incorrect number of
chromosomes

¢ Anexample of chromosome mutationis Down syndrome

¢ |ndividuals with Down syndrome have a total of 47 chromosomes in theirgenome as they
have three copies of chromosome 21
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o Down syndromeis also called Trisomy 21 YOURNOTES

¢ Symptomsinclude distinctive facial features, hearingloss, learning and growth impairment !

NORMAL CHROMOSOME SEPARATION [ NONDISJUNCTION|

D0 RG

DOOD OODO

EXTRA NO
SINGLE COPY OF CHROMOSOME CHROMOSOME ~ CHROMOSOME
IN EACH CELL

Image showing how chromosomes failing to separate properly during meiosis canresultin
gametes with the incorrect number of chromosomes
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Use of Databases to Identify Gene Loci

Use of databases toidentify the locus of ahuman gene and its polypeptide
product

¢ Following the sequencing of the whole human genome, we now know the exact locus
(position) of every gene across the 23 pairs of chromosomes
¢ Online databases have been built that are able to locate any known gene or allele
¢ Anyonecanaccess theseloci
o Oneexampleis the European Molecular Biology Laboratory database (EMBL)

e Examples of genes thatcanbelocatedare
o The CFTR protein, critical to cystic fibrosis, on chromosome 7
o HBB, a faulty allele of which is the cause of sickle-cell anaemia, on chromosome 11

o |fweknow thelocus of a particulargene, medicine can establish the location of a faulty
allele, whichis oftenrecessive
o Afaulty allele can be cut out of the chromosome by genetic engineering using
recombinant DNA technology
o Replacing a faulty allele could lead to genetic therapy
o Location databases of cancer-related genes are often vital information to
researchers, doctors and patients involved in cancer genetics
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Use of Databases: Comparing Base Sequences

Use of adatabase to determine differences in the base sequence of agene
intwo species
* The Genbank® databaseis anotherthatcan beusedto searchfor DNAbase sequences
o Uses acomputerdataanalysis technique called BLAST (Basic Local Alignment Search
Tool) to spotand'lineup’ similarbase sequences

¢ Aproteincommon to allorganisms is cytochrome C

¢ This makes its gene sequence a good one to compare between organisms

e Thesequenceis available for many different organisms across all three domains

e This givesimportantinformation about evolutionary relationships between organisms

WO oo oooo

ACTGATTACAGATTACATCA =% -

DATABASES CONTAINING
INFORMATION ON

DNA  SEQUENCES,

mRNA  SEQUENCES,

GENE EXPRESSION

AND PROTEIN STRUCTURE

DATA RETRIEVAL AND
ANALYSIS, e.g. USING
BLAST TO COMPARE

DNA SEQUENCES

UPLOADING DATA TO
SPECIFIC DATABASES

Theuse of databases to compare base sequences (and protein sequences) between
species
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3.2.1Meiosis
Meiosis
¢ There are two processes by which the nucleus of a eukaryotic cell can divide. These are:
o Mitosis
o Meiosis

» Mitosis gives rise to genetically identical cells andis the type of cell division used for
growth, repair of damaged tissues, replacement of cells and asexual reproduction
e Meiosis givesrise to cells that are genetically different from each otherandis the type of
celldivision used to produce gametes (sex cells)
¢ Duringmeiosis, the nucleus of the original ‘parent’ cellundergoes two rounds of division.
Theseare:
o Meiosisl|
o Meiosisll

Meiosis |

¢ Thenucleus of the original '‘parent’ cellis diploid (2n)i.e. it contains two sets of
chromosomes
¢ Before meiosis |, these chromosomes replicate
e Duringmeiosis |, the homologous pairs of chromosomes are split up, to produce two
haploid (n) nuclei
o Atthis point, each chromosome still consists of two chromatids

¢ Notethatthe chromosome numberhalves (from 2nton)in the first division of meiosis
(meiosis 1), not the second division (meiosis II)

Meiosis I

e Duringmeiosis ll, the chromatids that make up each chromosome separate to produce
four haploid (n) nuclei
o Atthis point, each chromosome now consists of a single chromatid
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Onediploid nucleus divides by meiosis to produce four haploid nuclei
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Discovery of Meiosis

NOS: Making careful observations; meiosis was discovered by microscope
examinations of dividing germ-line cells

Inthe 19th century, microscopes were developed that could be used to view certain
internal cell structures
Around this time, it was also discovered that certain dyes could be usedto stain (and
observe) the cell nucleus
Theuse of these dyes eventually led to the discovery of thread-like structures inside
dividing nuclei

o These were name chromosomes

Inthe 1880s, a group of German biologists used these new developments to make detailed
observations of dividing nuclei
o Theircareful observations led to the discovery of the process of meiosis and a basic
understanding of how it occurs

One key observation was made by viewing the chromosomes in specific cellsin an
organism known as the horse threadworm (Parascaris equorum)
o Itwas observedthat the nuclei of theiregg and sperm cells contained two
chromosomes, whereas the nuclei of a fertilised egg contained four chromosomes
o This suggested that the chromosome numberhadbeen doubled by the process of
fertilisation
o This ledto the hypothesis that, at some pointin every generation, a special type of
nuclear division must occur that halves the chromosome number

The specific sequence of events in meiosis was finally discovered by carefully observing
cells from the ovaries of European rabbits (Oryctolagus cuniculus) between O and 28
days old
o This was possible becausein females of this species, certain cells in the ovaries start
undergoing meiosis frombirth and the process continues slowly over a period of
many days

Theinitial discovery of meiosis (as well as the following series of discoveries that revealed
to scientists how it occurs) was made possible through careful scientific observations
Such careful observations are needed in orderto validate the claims and discoveries that
scientists make, as scientific evidence s required. Careful observations can enable
scientists to collect evidence that allows theories tobe developed

The use of apparatus, dyes, sensors, amongst many other scientific tools, allows scientists
tomake these precise and accurate observations

The methods used to make such observations must be able to berepeated so that the
results can be confirmed by otherscientists if necessary
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SexualLife Cycle

Thelife cycles of organisms can be sexual or asexual (some organisms are capable of
both)
o Inanasexual life cycle, the offspring are genetically identical to the parent (they
have exactly the same chromosomes)
o Inasexuallife cycle, the offspring are genetically distinct from each other and from
each of the parents (theirchromosomes are different, causing them to be genetically
distinct)

The halving of the chromosome number during meiosis is very important for a sexual life
cycleasitallows for the fusion of gametes
Sexualreproductionis a process involving the fusion of the nuclei of two gametes toforma
zygote (fertilised egg cell) and the production of offspring that are genetically distinct from
each other
This fusion of gamete nucleiis known as fertilisation
o Fertilisation doubles the number of chromosomes each time it occurs
o Thisis whyitis essential that the chromosome numberis also halved at some stagein
organisms with a sexual life cycle, otherwise the chromosome numberwould keep
doubling every generation
o This halving of the chromosome number occurs during meiosis
o Inanimals, this halving occurs during the creation of gametes

——— MEIOSIS
s
(MITOSIS)
. e FERTILISATION: NUCLElI OF

GAMETES FUSE TOGETHER
n+n=2n

Sexuallifecycle
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DNA Replication before Meiosis

+ Before meiosis occurs, all of the DNAinside the nucleus of the 'parent’ cellis replicated
o This occurs during a period of the cell cycle known as interphase

¢ Oncethis has occurred, each chromosome now consists of two genetically identical
sister chromatids, which arejoined together by a centromere
o Thesisterchromatids are genetically identical because DNAreplicationis a very
accurate process and only a very smallnumber of mistakes occurwhen DNAis being
copied

¢ Thetwo DNA molecules formed by DNA replication priorto meiosis are consideredto be
sister chromatids until the splitting of the centromere at the start of anaphase (a stage
duringmeiosis Il, during which the sister chromatids are pulled apart)

o Afterthis, they are once again considered as individual chromosomes

BEFORE MEIOSIS

2n
HOMOLOGOUS PAIR | DIPLOID ‘PARENT’
OF CHROMOSOMES €ELL
N
INTERPHASE — CHROMOSOMES REPLICATE

¢ GENETICALLY IDENTICAL
SISTER CHROMATIDS

CENTROMERE
CONNECTING
| MEIOSIS | | SISTER CHROMATIDS

HOMOLOGOUS PAIR p

OF REPLICATED

CHROMOSOMES

SEPARATES = >

/ | MEIOSIS I | \7
A Y /4

HOMOLOGOUS PAIR
OF REPLICATED
CHROMOSOMES

n n n
SISTER CHROMATIDS

SEPARATE AND ARE

NOW REFERRED TO AS

CHROMOSOMES

HAPLOID ‘DAUGHTER’ CELL

DNA replication before meiosis
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YOURNOTES

(’) Exam Tip .

* Understanding the difference between chromosomes and chromatids can be
difficult. We count chromosomes by the number of centromeres present. So when
the 46 chromosomes duplicate during interphase and the amount of DNA in the cell
doubles there are still only 46 chromosomes present because there are still only 46
centromeres present. However, there are now 92 chromatids, which are strands of
replicated chromosomes.
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Formation of Bivalents & Crossing Over YOURNOTES
At the start of meiosis, homologous chromosomes pair up with each other {
o As DNAreplication has already occurred, each chromosome is made up of two sister
chromatids
o This means that a pairof homologous chromosomes is made up of four DNA

molecules

A pairof homologous chromosomes is known as a bivalent

The pairing process resulting in the formation of a bivalentis known as synapsis

Aftersynapsis has occurred, a process known as crossing over may occur

During crossing over, two non-sister chromatids (i.e. one chromatid from each of the

homologous chromosomes) form ajunction

At this junction, the two chromatids break and rejoin with each other

As these crossoverevents occurat exactly the same position on the two non-sister

chromatids, this allows genes to exchange between the chromatids

Non-sister chromatids are homologous but are not genetically identical and this means

that some of the alleles of the exchanged genes will be different

This process, therefore, produces chromatids with completely new combinations of

alleles (that were not previously presentin the DNA of the 'parent’ cell)

As these chromatids will eventually be split up into different gametes, crossing overis of

greatimportance becauseitis a significant source of genetic variation between gametes

o This ensures thereis genetic variation in populations of sexually-reproducing

species, whichis key to a species' ability to evolve and adapt to changesinits
environmentovertime
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}—{ CHROMOSOME

“SINGLE
CHROMATID

YOURNOTES
i

CENTROMERE

BREAKING AND
REJOINING OCCURS

CHROMATIDS SEPARATE
IN MEIOSIS ||

PARENTAL
COMBINATION
OF ALLELES

NEW COMBINATION
OF ALLELES

Crossing over of non-sister chromatids leading to the exchange of genetic material
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Random Orientation YOURNOTES

¢ Atmetaphase, during meiosis I, homologous chromosomes line up at the cell equator as {
they prepare to separate
+ Spindle microtubules grow out from the poles of the celland attach to the centromeres of
the chromosomes
¢ Each of thetwohomologous chromosomes in a bivalentis attached to a different pole
¢ Theorientation of the bivalents when theyline up at the cellequator determines which
pole each chromosome gets attached to (and eventually pulled towards)
e Theorientation of the bivalents is completely random
¢ Inaddition, the bivalents also assortindependently of one another (i.e. the orientation of
one bivalent never affects the orientation of another)

ARRANGEMENT 1| |ARRANGEMENT 2| |ARRANGEMENT 3| [ARRANGEMENT 4|

SPINDLE MICROTUBULES T
SROW OUIREEPTHE 'BE ORIENTED IN ONE
| POLES OF THE CELL AND el e e
ATTACH TO THE

WAYS
CENTROMERES OF THE
CHROMOSOMES

The orientation of bivalents lining up at the cell equatoris random

Reduction Division

¢ During meiosis, the homologous chromosomes forming a bivalent separatein a process
known as disjunction
¢ Thehomologous chromosomes then move to opposite poles of the cell
* As one chromosome of each type moves to each pole, the two separate nuclei formed by
the first division of meiosis (meiosis I) now only contain one of each type of chromosome,
making the two new cells haploid
o Essentially, the chromosome number of the cells has been halved

¢ Thisis why the first division of meiosis is known as a reduction division
o Thechromosome numberhas been reduced (halved) from diploid to haploid
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Genetic Variation & Meiosis

Crossing over and random orientation promote genetic variation

* Having genetically different offspring can be advantageous for natural selection and
thereforeincrease the survival chances of a species

¢ Meiosis has severalmechanisms thatincrease the genetic variation of gametes
produced

¢ Both crossing over andrandom orientation result in different combinations of alleles in
gametes

Crossing over

e Crossingoveris the process by which non-sister chromatids exchange alleles
e Process:
o During prophase | of meiosis homologous chromosomes pairup andarein very close
proximity to each other
= Apairof homologous chromosomes can bereferred to as a bivalent

o Atthis point, there can be an exchange of genetic material (alleles) between non-
sister chromatids in the bivalent

o Thecrossing points are called chiasmata

o Thisresults in anew combination of alleles on the two chromosomes (these can be
referred to as recombinant chromosomes)

¢ This swapping of alleles is a significant source of genetic variation because it can occurat
multiple random positions along the chromosome

e Crossingovercanhappen anywhere along the chromosome butis more likely to occur
further down the chromosome away from the centromere
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CENTROMERE |

CHROMOSOME

NON-SISTER
CHROMATIDS

BREAKING AND
REJOINING OCCURS

PARENTAL
COMBINATION
OF ALLELES

RECOMBINANT
CHROMATIDS

Crossing over occurring between two non-sister chromatids

Random orientation

¢ Therandom orientation of homologous pairs along the equator of the cell during
metaphaselresultin the production of different allele combinations in daughter cells
¢ Inprophasel, homologous chromosomes pairup andin metaphasel, they align along the
equatorof the cell
o Each paircan be arranged with either chromosome on top, this is completely random
o The orientation of each homologous pair is random/independent (unaffected by the
orientation of any other pair)

¢ Inanaphaselthehomologous chromosomes are separated and pulled apart to different
poles

e Thecombination of alleles that end up in each daughter cell depends on how the pairs of
homologous chromosomes were lined up
o Thedifferent combinations of chromosomes in daughter cells increases genetic
variation between gametes
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TWO PAIRS OF
HOMOLOGOUS
CHROMOSOMES

THE PAIRS LINE UP
ALONG THE EQUATOR
OF THE SPINDLE
INDEPENDENTLY OF
EACH OTHER

FOR TWO BIVALENTS
THERE ARE TWO
POSSIBLE ORIENTATIONS

OR

(7 () (7
)& &G

AT THE END OF MEIOSIS Il, EACH ORIENTATION GIVES
TWO TYPES OF GAMETE. THERE ARE THEREFORE FOUR
TYPES OF GAMETE ALTOGETHER

The random orientation of homologous chromosomes leads to different genetic
combinations in daughter cells

The different combinations of chromosomes following meiosis

¢ Thenumber of possible chromosomal combinations resulting fromrandom assortmentis
equalto 2"
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o nisthenumberof homologous chromosome pairs orhaploid number YOURNOTES

e Forhumans:the numberof chromosomes is 46 meaning the number of homologous i
chromosome pairs is 23 so the calculation would be:
o 223-8,388,608 possible chromosomal combinations

*> Worked Example
[

Calculate how many different chromosomal combinations can result from meiosis

in a plant species which has a diploid number of 16. Assume no crossing over
occurs.

[1mark]

Step 1: Use therelevant formula
on
Step 2: Calculate the haploid number
Diploid number(2n) =16
Haploid number(n)=16+2=8
Step 3: Substitutein figures
28=256

There are 256 different chromosomal combinations that can occur.
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Genetic Variation & Fertilisation

Fusion of gametes from different parents promotes genetic variation

¢ Meiosis creates genetic variation between the gametes produced by an individual
through crossing overandrandom orientation

e This means each gamete carries substantially different alleles

« Duringfertilisation, any male gamete can fuse with any female gamete to form a zygote

¢ This random fusion of gametes at fertilisation creates genetic variation between zygotes
as eachwillhave a unique combination of alleles

The different combinations of chromosomes following fertilisation

¢ Inrandom fertilisation, any two gametes may fuse together
¢ Therefore the formula to calculate the number of combinations of chromosomes afterthe
random fertilisation of two gametes is (2")2
o nisthehaploid numberand?Zis the number of gametes
o Thereforein humans, when the haploid numberis 23, the number of combinations
following fertilization is (22%)2=270,368,744,177,664

¢ This explains why relatives can differso much from each other. Even with the same parents,
individuals can be genetically distinct due to variation at the meiosis and fertilization stage
(as wellas otherpossible mutations and crossing-over)

*> Worked Example

® . . L
Calculate the number of different possible chromosome combinations afterthe

random fertilization of an ovule and pollen nuclei from the same plant species
(Diploid number =16).

[2 marks]

Step 1: State formula forrandom fertilisation between any two gametes
(2n?
Step 2: Useinformation from question to state haploid number
n=8
Step 3: Substitutein figures
(2n?
(28

Answer 65,536
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YOURNOTES

(’) Exam Tip .

These sources of genetic variation explain why relatives can differso much from
each other. Even with the same parents, individuals can be genetically distinct due
to the processes outlined above.While we can calculate the number of
chromosomal combinations that result from random orientation and random
fertilisation, the number of combinations from crossing overis infinite, oras good as!
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YOURNOTES

!
Non-disjunction

¢ Non-disjunction occurs when chromosomes fail to separate correctly during meiosis
e This canoccurin eitheranaphaseloranaphasell,leading to gametes forming with an
abnormal number of chromosomes
o The gametes may end up with one extra copy of a particular chromosome orno
copies of a particularchromosome
o These gametes willhave a different number of chromosomes compared to the normal
haploid number

¢ |ftheabnormal gametes are fertilized, then a chromosome abnormality occurs as the
diploid cell (zygote) willhave theincorrect number of chromosomes

NORMAL CHROMOSOME SEPARATION ' NONDISJUNCTION|

D RG

DOOD ODODO

EXTRA NO
SINGLE COPY OF CHROMOSOME CHROMOSOME  CHROMOSONE
IN EACH CELL

Image showing how chromosomes failing to separate properly during meiosis canresultin
gametes with the incorrect number of chromosomes

Down Syndrome

¢ Akeyexample of a non-disjunction chromosome abnormality is Down syndrome, also
called Trisomy 21

¢ Non-disjunction occurs during anaphase | (in this case) and the 21st pair of homologous
chromosomes fail to separate

¢ Individuals with this syndrome have a total of 47 chromosomes in their cells as they have
three copies of chromosome 21

e Theimpact of trisomy 21 can vary between individuals, but some common features of the
syndrome are physical growth delays andreduced intellectual ability. Individuals can
also sufferfromissues with sight orhearing

Other trisomy syndromes
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¢ There are othertrisomy possibilities that can result from non-disjunction; many, but not all, YOURNOTES
have very serious impacts on the phenotype of the offspring which may be fatal 1
o Patausyndrome (trisomy 13) and Edwards syndrome (trisomy 18) are very serious
syndromes whichresultin many physical disabilities and developmental difficulties
= Trisomy 18 and13both have very low survival rates with few babies surviving past
theirfirst birthday

o Klinefelter's syndromeis caused by non-disjunctionin sex chromosomes which
leads to having the chromosomes XXY
= This syndromeis often not diagnoseduntiladulthood and doesn'timpact life
expectancy but may have a negative effect on fertility

o Turners syndrome also affects the sexchromosomes with individuals possessing just
one Xchromosome
= |ndividuals with Turners syndrome would not necessarily have a reduced life-
expectancy, although will often be shorterand may suffersome symptoms such
as lack of sexual development during puberty

Age & Non-disjunction

e Many studies have shown that thereis a correlation between age and theincidence of non-
disjunction
¢ ltis believedthatas the age of the parents increases the incidence of non-disjunction
increases
¢ |Inparticular, the age of the mother has been foundtoincrease the chance of having a child
with Down Syndrome
o Theimpactof ageontherisksis representedin the table below

Age and Risk of Down’s Syndrome Table

Mother’s age

(Years) 25-29 30-34 35-39 40-44
Chance of having | 1in 1250 1in 1000 1in 400 1in 100 1in 30
baby with Down live births | live births | live births | live births live births
Syndrome
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Methods used for Karyotype Analysis

Methods can be used to obtain cells for karyotype analysis

¢ Akaryotypecan be createdtoshow animage of all of the chromosomes of an individual
fromasinglecell.

e Chromosomes are arrangedinto theirhomologous pairs and studied to check forany

20

)l M IO
NEREEE
o

21 22 X hg

This karyogram shows a typical or “normal” karyotype

¢ Akaryotype which shows a chromosomal abnormality may haveincorrect numbers of
chromosomes present

¢ Trisomy syndromes will show a third chromosome present at one of the chromosome
positions

o Forexample, Down's syndrome shows a third chromosomes at the 21st position
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A karyogram showing the karyotype of an individual with Down’s Syndrome

¢ Twomethods can be usedto obtain cells from an unborn child forchromosome testing:
o Amniocentesis
o Chorionic villus sampling

Amniocentesis

¢ Aneedleisinsertedthrough the mother's abdomen walland a small sample of amniotic
fluid is taken. The sample will contain some foetal cells for analysis

e This procedure usually takes place around 16 weeks of pregnancy

e Thereis a smallrisk of miscarriage associated with the procedure (approx1%)

¢ Theprocedure also poses a smallrisk of infection

Chorionic Villus Sampling (CVS)

¢ Alongtubeisinsertedthrough thevagina andthen cervixin orderto take a small sample of
the developing chorion (a membrane surrounding the embryo which forms part of the
placenta)

e This procedure can be carried out earlierin the pregnancy; around 10 - 12 weeks

e CVShasaslightlyincreased risk of miscarriage associated with the procedure (approx
2%)

e Thereis alsoasmallrisk of infection
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Drawing the Stages of Meiosis

e Cellsundergoing meiosis can be observed and photographed using specialized
microscopes

¢ Thedifferent stages of meiosis have distinctive characteristics meaning they can be
identified from photomicrographs

¢ Beingable toidentify the stages of meiosis from photomicrographs and diagrams is an
important skill for a biologist

Step 1:Identifying if meiosis | ormeiosis Il is occurring

* Homologous chromosomes pairup side by side in meiosis | only
o This means if there are pairs of chromosomes in a diagram or photomicrograph
meiosis I mustbe occurring

¢ The number of cells forming can also help identify whethermeiosis | or Il is occurring
o Ifthere are two new cells forming it is meiosis | but if there are four new cells forming it
is meiosisll

Identifying which stage of meiosis | is occurring

e Prophasel: Homologous pairs of chromosomes are visible in diploid cell (2n). Crossing
overoccurs

¢ Metaphasel: Spindle fibres pullhomologous pairs so they are lined up side by side along
the equator of the cell. Orientation of homologous chromosomes is random

¢ Anaphasel: Whole chromosomes are being pulled to opposite poles with centromeres
intact

* Telophasel: There are 2 groups of condensed chromosomes around which nuclei

membranes are forming

Cytokinesis: Cytoplasmis dividing and the cellmembraneis pinching inwards to form

two cells with haploid chromosome numbers (n)

&3 &

Prophasel, Metaphasel, Anaphaseland Telophaselas seenin photomicrographs

Identifying which stage of meiosis Ilis occurring

¢ Prophasell: Single whole chromosomes are visible in haploid cells

Metaphasell: Single whole chromosomes are lined up along the equator of thecellina
single file

Anaphasell: Centromeres divide and chromatids are being pulled to opposite poles
Telophasell: Nucleiare forming around the 4 groups of condensed chromosomes
Cytokinesis: Cytoplasmis dividing and four haploid cells are forming
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YOURNOTES
i

Prophasell, Metaphasell, Anaphaselland Telophase Il as seenin photomicrographs

Drawing the stages of meiosis

e Thedistinguishing features mentioned above can also be used by biologists to draw
scientific diagrams of meiosis | and meiosis Il
¢ The conventions fordrawing are:
o Thedrawingmusthave a title
o Asharp HB pencil shouldbe used(anda good eraser!)
o Drawings should be on plain white paper
o Lines shouldbe clear, singlelines (no thick shading)
o Noshading
o Thedrawing should take up as much of the space on the page as possible
o Well-defined structures should be drawn
o Thedrawing should be made with proper proportions
o Labellines should not cross orhave arrowheads and should connect directly to the
part of the drawing being labelled
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Prophase |

Nuclear
membrane
breaks down

X Homologous
Spindle chromosomes

fibres Centriole

Prophase Il

Nuclear
membrane
breaks down

Spindle

fibres Centriole

Anaphase |

Spindle fibres
contract and pull
chromosomes to
poles of cell

Anaphase Il

Sister chromatids
@pulled to poles of cell

Cytokinesis

Metaphase |
Centromere

Bivalent line up
across the equator
of cell

Spindle
fibres

Centriole

Metaphase Il

Chromosomes
line up along
equator of cell

Telophase |
Nuclear

membrane
Cytokinesis
begins

Telophase Il

4 haploid
daughter
cells

Nuclear
membrane
forms

Drawing the different stages or phases of meiosis
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¢) ExamTip YOURNOTES
* Formetaphase rememberM for the middle of the cellwhich is where the {
chromosomes will be lined up.Foranaphase remember A for away from the middle
tothe poles, whichis where the chromosomes / chromatids are being pulled.When
drawing the stages of meiosis you do not have to show crossing over occurring.
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3.3 Inheritance

3.3.1Inheritance

Mendel's Experiments

Gregor Mendel was an Austrian monk

He was trained in mathematics and natural history at the University of Vienna

In the mid-19th century, Mendel carried out breeding experiments on large numbers of pea
plants whilst looking afterthe monastery gardens

He studied how characteristics were passed on between generations of plants

Due to his extensive work on the understanding of inheritance, heis sometimes called the
father of genetics

Mendel's groundbreaking work

Mendel carefully transferred pollen from one pea plant to the reproductive parts of
another

This technique eliminated any uncertainty from his data since he knew which plants were
fertilized by which pollen

He collected the pea seeds from these plants and grew them in favourable conditions to
find out their characteristics

He also cross-bred offspring peas in order to find out which, if any characteristics would
appearin future generations

Mendelinvestigated the height of pea plants, the colours of their flowers and the
smoothness of their seed coat
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FIRST CROSS

A TALL PEA PLANT AND A DWARF PEA PLANT ARE CROSSED

PARENTS: TALL DWARF

PEA PLANT i PEA PLANT

ALL TALL PEA PLANTS
T é é é é
SECOND CROSS
TWO PEA PLANTS FROM THE 1st SET OF OFFSPRING ARE CROSSED

T TALL TALL

PEA PLANT PEA PLANT

THREE TALL PEA PLANTS AND ONE DWARF PEA PLANT

OFFSPRING:

L4435

Mendel's peaplant crosses
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Mendel's Pea Plant Results Table

Characteristics of Chraracteristics of Ratio of

Parental first generation second generation characteristics in
chdracteristics plants plants second generation
Tall plant x dwarf 100X tall plants 868 tall plants and 314:1

plant 277 dwarf plants

Round seed coat = | 100Z Round seed coat | 5474 round seed coat Sk
wrinkled seed and 1850 wrinkled seed

coat coat

Purple flowers x 100% Purple flowers | 705 purple flowers and 31:1

white flowers 224 white flowers

Mendel foundthat characteristics were inherited in a predictable pattern

All pea plants in the first generation had the same characteristic as one of the parental
plants

The offspring plants in the second generation had characteristics of both parent plantsina
3:1ratio

Without knowingit, Mendel had discovered genes, he referred to them as 'units of
inheritance'

He also discoveredthat some genes are dominant and some genes arerecessive
Different forms of the same gene are called alleles

Mendel's Experimental Technique

NOS: Making quantitative measurements with replicates to ensure
reliability; Mendel's genetic crosses with pea plants generated numerical
data

Mendelwas not the first toinvestigate inheritance using plants
However, he was the first to generate strong numerical (quantitative) data, as opposedto
observations only (qualitative)
Mendelalso used alarge number of pea plants in his studies, forexamplein one
investigation he recorded the characteristics forover7,000 pea seeds
By recording data for such a large number of seeds he ensuredreliability in his conclusions
Many replicates are importantin a scientific investigation because they allow for:

o Ensuringreliability of results

o |ldentification of anomalous points

o Furtherstatistical analysis to establish a significant difference
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Gametes YOURNOTES
l

Gametes are the sex cells of an organism
Forexample, the spermandegg (ovum) cells inhumans
The eggis larger thanthe sperm as most of its space contains food to nourish a growing
embryo
The sperm cell contains many mitochondria to release energy forits motion
Gametes fuse during fertilization to form a zygote
These sexcells are formed during meiosis and only have one copy of each chromosome
andso are haploid cells
o Forhumans, that means the sperm and egg cells contain 23 single chromosomes in
theirnucleus
o Asthereis only one chromosome from each homologous pair thereis only one allele
of each gene present
= This allele may be dominant, recessive or co-dominant
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YOURNOTES
> ACROSOME 1

© CYTOPLASM

. i

TAIL / FLAGELLUM Q_/

#F)savemyexams

#)save myexams

The structure of human gametes - the spermand egg

(’) ExamTip

*  Youwillnotneedtobeableto quote allof Mendel's experiments and his results but
you should be able to explain why thereis always a 3:1ratio in second generation

organisms
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Segregation of Alleles

Meiosis is a form of nuclear division that results in the production of haploid cells from
diploid cells

During meiosis a diploid cell will divide twice to form four haploid cells

It produces gametes in plants and animals that are usedin sexual reproduction
Adiploid nucleus will contain two copies of each gene

Ahaploid nucleus contains just one copy of each gene

Adiploid cell of genotype Yy will produce two gametes carrying the Y allele and two
carrying they allele

The separation of alleles into different cells during meiosis is called segregation
Segregationisimportant as it allows for new allele combinations in offspring

Diploid Zygotes

Fusion of gametes results in diploid zygotes with two alleles of each gene that may be the
same allele or different alleles
Sexualreproduction is a process involving the fusion of the nuclei of two gametes (sex
cells) to form azygote (fertilized egg cell) and the production of offspring that are
genetically different from each other
Fertilization is defined as the fusion of gamete nuclei, and as each gamete comes froma
different parent, thereis variationin the offspring
When a male and female gamete fuse theirchromosomes are combined
This means theresulting zygoteis diploid
The zygote contains two chromosomes of each type
It willtherefore also have two alleles of each gene
o Ifthetwo alleles fora particular gene are the same then the genotypeis described as
homozygous
o Ifthetwo alleles fora particular gene are different then the genotypeis described as
heterozygous
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Dominant, Recessive & Co-Dominant Alleles

e Ageneisashortlength of DNAfoundonachromosome that codes fora particular
characteristic (by coding for the production of a specific protein)
o Alleles are variations of the same gene
o Aswehave two copies of each chromosome, we have two copies of each gene and
therefore two alleles foreach gene
o Oneoftheallelesisinherited fromthe mother and the other fromthe father
o This means thatthe alleles may not be the same
o Forexample, anindividual has two copies of the gene foreye colourbut one allele
could code for brown eyes and one allele could code for blue eyes

¢ The observable characteristics of an organism (seen just by looking - like eye colour, or
found - like blood type) is called the phenotype
¢ The combination of alleles that control each characteristicis called the genotype
¢ Alleles can be dominant orrecessive
o Adominantallele only needs to beinherited from one parentin order for the
characteristic to be expressedin the phenotype
o Arecessive allele needs to beinherited fromboth parents in order for the
characteristic to be expressedin the phenotype.
o Ifthereis only onerecessive allele, it willremain hidden and the dominant
characteristic will show

o |fthetwo alleles of a gene are the same, we describe the individual as being homozygous
(homo =same)

¢ Anindividual could be homozygous dominant (having two copies of the dominant allele),
orhomozygous recessive (having two copies of therecessive allele)

» Ifthetwo alleles of a gene are different, we describe the individual as being heterozygous
(hetero = different)

HOMOZYGOUS HOMOZYGOUS HETEROZYGOUS
(DOMINANT) (RECESSIVE)

IN DIPLOID ORGANISMS,
CHROMOSOMES COME IN PAIRS

[[] = DOMINANT  ALLELE
] =RECESSIVE ALLELE

#Fsavemyexams
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Alleles are different forms of the same gene. You can only inherit two alleles for each gene,
andthey can be the same (homozygous) or different (heterozygous). Alleles canbe
dominant orrecessive.

e Co-dominantalleles have a combined effect on the phenotype
o Certainred-flowered plants can be crossed with white-flowered plants of the same
species, and the offspring's flowers have a pink colour
o Speckled chickens show co-dominance between an allele for white feathers and an
allele that causes the feathers to be black
o Thealleles are both expressed to an equal extent in the phenotype

¢ When completing genetic diagrams (punnet square diagrams), alleles are abbreviated to
single letters

o Thedominantalleleis given a capital letter and therecessive alleleis given the same
letter, butlower case

o Forexample a tall(phenotype) pea plantcan have the genotype TT or Tt; in this case 'T'
represents the dominant tall allele and't' represents the recessive dwarf allele
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Inheritance of Blood Groups YOURNOTES
l

¢ Inheritance of blood groupis an example of co-dominance

e Thisis of criticalimportance when deciding to give blood transfusions followinginjury or
illness

¢ Useofthewrongblood group can cause animmuneresponse that coagulates (solidifies)
blood, leading to clots and serious illness/death

¢ There arethreealleles of the gene controllinga person's blood group instead of the usual
two

o |represents the gene andthe superscripts A, Band Orepresent the alleles

* Alleles *and B are codominant

o |9isrecessive

« |Aresultsin the production of antigen A on the surface of red blood cells

« |Bresultsin the production of antigen B on the surface of red blood cells

« |9results in no antigens being produced on the surface of red blood cells

e Thesethree possible alleles can give us the following genotypes and phenotypes

Blood Genotype & Phenotype Table

Phenotype
[1A1A%ar 142 A
[5158ar 512 B
il AB
122 O

¢ We canuse genetic diagrams to predict the outcome of crosses thatinvolve the
codominantalleles controlling blood groups

9 Worked Example

Show how a parent with blood group A and a parent with blood group B can
produce offspring with blood group O.
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p YOURNOTES
0\5/6 l

[T

T
Pl
IB IB IAIB IBIO

IR | T'T° @ ~ | % CHANCE OF A CHILD
WITH BLOOD GROUP 0

Fsavemyexams

Punnett square showing the inheritance of blood group

(f) Exam Tip
¥ Take good care when hand-writing ABO blood group genotypes and alleles. The
expected notation for ABO blood group alleles is that the letter | is always writtenin
UPPERCASE and all the alleles must be in superscript. An example is IA°
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Constructing Punnett Grids

* Amonohybrid traitis one thatis controlled by only one gene
e Generally, we considerthatsuch a gene has two alleles

o Either:onealleleis dominantandthe otheris recessive

o Or:thealleles are co-dominant

¢ Amonohybrid cross starts with pure-breeding parents (homozygous), each displaying a
different phenotype
* The purpose of aPunnett grid is to predict the probability of a certain offspring displaying
a certain genotype or phenotype
o Inthe case where multiple offspring are produced, Punnett grids can predict the
numbers of offspring that will display a certain genotype or phenotype aftera cross

Stepsin constructing aPunnett Grid

1. Write down the parental phenotypes and genotypes
2. Write down allthe possible gamete genotypes that each parent could produce for sexual
reproduction
o Ausefulconventionis to write the gamete genotypes inside a circle to denote them as
gametes (haploid cells)

3.Place each parental genotype against one axis of a Punnett grid (2 x 2 table)
4.In the boxes of the Punnett grid, combine the gametes into the possible genotypes of the
offspring
o This gives the offspring of the F; generation (15t filial generation)

5.Listthe phenotype and genotyperatios for the offspring

> Worked Example

o
Sweet peas grow pods that are either green oryellow. The allele for green, G, is

dominantto the allele foryellow, g.Construct a Punnett grid to predict the outcome
when crossing green and yellow pure-bred plants to show the F; generation
offspring.Using plants from the Fy generation, construct a second Punnett gridto
show the outcomes of the F, generation.

Step 1: Write down the parental phenotype and genotypes
Green coloured pods Yellow coloured pods
GG g9

Step 2: Write down all the possible gamete genotypes that each parent could produce

© @

Step 3: Place each parental genotype against one axis of a Punnett grid (2x 2 table)

Page 71 of 129

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, PastPapers

YOURNOTES
i


https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukfor more awesomeresources

Green parent gametes

Yellow @

parent

gametes @

Step 4: Combine the gametes in each box of the Punnett grid

Yellow @ Gg Gg

parent

gametes @ Gg Gg

Genotypes of the F1 cross between homozygous green (GG) and homozygous yellow (gg)
peaplants. All offspring (100%) have the genotype Gg and the phenotypeis green.

Step 5: Take two heterozygous offspring from the F; generation and cross them

Heterozygous
parent gametes

Heterozygous
parent gametes

Step 6: Combine the gametes in each box of the Punnett grid
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YOURNOTES
l

Heterozygous
parent gametes

Heterozygous

pdarent gametes

Punnett grid showing the results of the F2 generation

Phenotyperatiois 3:1green:yellow, Genotyperatiois 1GG: 2 Gg: 1gg
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Analysis of Genetic Crosses YOURNOTES

Comparison of predicted and actual outcomes of genetic crosses using {
real data

e APunnett grid diagram shows the possible combinations of alleles that could be
producedin the offspring of a certain genetic cross

e From this, we can deduce the expected ratio of these combinations

e Theactualoutcome achieved from the cross often presents ratios different to those
deducedin the punnet grid

e Thisis becausethereis an element of chanceinvolved with inheritance

¢ Thechi-squared testis a statisticaltest that can be usedto determine whetherthe
differences between the observedratios and the expectedratios are significant or due to
chance

Using pea plants to demonstrate the predicted outcomes of genetic
crosses

¢ Theheight of pea plantsis controlled by a single gene that has two alleles: talland short
Thetallalleleis dominantandis shownasT

The smallalleleis recessive andis shown as t

¢ Apurebreedingshort plantis bred with a pure breeding tall plant

e Theterm ‘purebreeding’ indicates that theindividualis homozygous forthat characteristic
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IN GENETIC CROSS DIAGRAMS:
— DOMINANT ALLELES ARE REPRESENTED BY CAPITAL LETTERS

— RECESSIVE ALLELES ARE REPRESENTED BY THE SAME LETTER
IN LOWER CASE

CEY. TTxtt $¥
T=TALL (DOMINANT)
1 =SHORT (RECESSIVE) TALL SHORT

PARENTAL
GENOTYPE

T
T
« R | T
PARENTALl 8
GENOTYPE =
& t Tt Tt

OFFSPRING GENOTYPES: Tt
OFFSPRING PHENOTYPES: ALL TALL PLANTS (1002) ALL TALL

#)save myexams

Apure-breeding genetic cross in pea plants. It shows that all offspring will be have the tall
phenotype.

e Crossingthe offspring fromthe first cross
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p— Tt x Tt
T=TALL (DOMINANT)
t = SHORT (RECESSIVE) TALL TALL

PARENTAL
GENOTYPE

GAMETES © T i OFFSPRING | OFFSPRING

GENOTYPES | PHENOTYPES

PARENTAL ] |Bf T T Tt I RBEE i
GENOTYPE ] SHORT
t N G jiats

Y4 CHANCE OF SHORT PHENOTYPE
WITH EACH CROSS

FEE .

TALL | | TALL | | TALL SHORT
l =
3 TALL : 1 SHORT
#)save myexams

A genetic cross diagram (F2 generation). It shows a ratio of 3 tall : 1short for any offspring.

¢ Allof the offspring of the first cross have the same genotype, Tt (heterozygous), so the
possible combinations of offspring bred from these are: TT (tall), Tt (tall), tt (short)

e Thereis morevariationin the second cross, with a 3:1ratio of tall : short

e TheF2generationis producedwhen the offspring of the F1 generation (pure-breeding
parents) are allowed to interbreed

Crossing a heterozygous plant with a short plant

e Theheterozygous plant will be tall with the genotype Tt

e Theshort plantis showingtherecessive phenotype and so mustbe homozygous recessive
-tt
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o Theresults of this cross are as follows: YOURNOTES
l
T Tt x tt S
T=TALL (DOMINANT)
t = SHORT (RECESSIVE) TALL SHORT

PARENTAL
GENOTYPE

OFFSPRING OFFSPRING
GENOTYPES | PHENOTYPES

Tt TALL
1t SHORT

PARENTAL ) | ¢ 1
B

GENOTYPE J ]
t

X

1/2 CHANCE OF TALL||4/2 CHANCE OF SHORT
TALL PHENOTYPE PHENOTYPE SHORT

#Fsavemyexams

A cross between a heterozygous plant with a short plant

(’) Exam Tip

If you are askedto use yourown letters to represent the alleles in a Punnett grid, try
tochoose a letterthatis obviously different as a capital than the lower case so the
examineris notleftin any doubt as to which is dominantand which is recessive.
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Pedigree Charts YOURNOTES
l

o Family pedigree diagrams are usually used to trace the pattern of inheritance of a specific
characteristic (usually a disease) through generations of a family
e This canbe usedtowork out the probability that someone in the family willinherit the

f O [HO CJD
€’

UNAFFECTED MALE

[] = AFFECTED MALE ]

(O = AFFECTED FEMALE (O = UNAFFECTED FEMALE
L
#Fsavemyexams
A family pedigree chart

e Males areindicated by the square shape and females are represented by circles
¢ Inthis diagram, affectedindividuals arered and unaffected are blue
o Shading or cross-hatching may also be usedto show affectedindividuals

¢ Horizontal lines between males and females show that they have produced children
(which are linked underneath each couple)
e Romannumerals may be usedtoindicate generations
e Foreach generation the eldest childis on theleft and eachindividual is numbered
e Thefamily pedigree above shows:
o both males andfemales are affected
o every generation has affectedindividuals
The eldest son (inthe second generation) is affected
That thereis one family group that has no affected parents or children
the othertwo families have one affected parent and affected children as well

o]

(e}

o
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YOURNOTES
*> Worked Example !
[

Worked example: Pedigree charts

» Belowis apedigree chartwhich traces theinheritance of albinism across
several generations. Albinism affects the production of the pigment melanin
leading tolighter hair, skin and eyes.

(1] D——. KEY:

@ = NORMAL FEMALE
(O =ALBINO FEMALE

1 2
e e em e
3 4 5 6 7 []=ALBINO MALE
8 9 10 11

¢ Usingthe pedigree chart, deduce and explain the following:

1.What type of allele causes albinism
2.The genotype of individuals named 9 and 7
3.The possible genotypes of 10 and 11

1. Albinismis caused by arecessive allele
o Explanation: We can tell this from the pedigree chart because expression of the
disease skips generation|l. Also, person number 9is an affected individual despite his
parents (6 and7) beingunaffected. 6 and 7 must both be carriers of the recessive allele
and 9 has inherited onerecessive allele from each parent.
o |tisunlikely to be a sex-linked disease as both females and males have the condition

2.The genotype of person 9 must be homozygous recessive (aa) and the genotype of 7 must
be heterozygous (Aa)
o Explanation: 9is an affectedindividual with albinism (which is determined by the
recessive allele). 7 must be heterozygous in order forhim to pass on therecessive allele
toperson 9

3.The possible genotypes of 10 and 11 are heterozygous (Aa) orhomozygous dominant (AA)
o Explanation: This is because they are unaffected individuals so must possess atleast
onedominantallele (A), however, itis possible that they each inherited a dominant
allele from each parent

(') Exam Tip

¥ When answering questions about pedigree charts for genetic diseases, it is always
usefultorememberwhich phenotypeis caused by the recessive allele. You can write
these genotypes onto your chart andit will give you a good starting point for working
out the possible genotypes of the rest of the individuals in the chart.
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YOURNOTES

l
Causes of Genetic Diseases

A genecan affect the phenotype of an organism
o Agenecodes forasingle polypeptide
o The polypeptide affects the phenotype through a particularmechanism

The phenotype of anindividual can also be affected by the environment
Ageneticdiseaseis causedby a gene whichresults in an abnormal protein that alters the
phenotype of theindividual
Most genetic diseases are caused by recessive alleles on autosomal chromosomes
o This means thatanindividual would need two copies of therecessive allele in orderto
develop thedisease
o Individuals that are heterozygous do not suffer from the disease but are carriers and
can pass therecessive allele on to the next generation
o Adisease determinedby arecessive allele includes cystic fibrosis

Somediseases are caused by dominant
o This means that only one copy of the allele is requiredin order to develop the disease
and this one copy can also be passed on to the next generation
o Individuals that are homozygous dominant, will suffer fromthe disease and willalso
pass the allele on to the next generation with 100% probability
o Adisease determinedby a dominant alleleincludes Huntington's disease

Itis also possible, butrare, fora disease to be caused by codominant alleles
o This means thatinindividuals with heterozygous genotype, both alleles are expressed
inthe phenotype
o Therefore giving a 3rd phenotype thatis different to the homozygous phenotypes
o Adisease determined by codominant alleles includes sickle cell anaemia

The genes which causes some genetic diseases are found on the sexchromosomes
o This means they affect males and females differently
o Examples of sex-linked diseases include haemophilia and colour blindness
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O Exam Tip YOURlNOTES

You may be asked to predict the inheritance of diseases like the ones above. An
example question would be:

Maxand Jane are trying fora baby but they are concernedabout the possibility of
their child having haemophilia. Neither Max or Jane have haemophilia themselves
butJane’s father had the condition. What are chances that their child could have
haemophilia?

Forquestions like this, itis very important to gather early on whether the abnormal
allele that causes the diseaseis dominant orrecessive andif thereis any sexlinkage.
In this example forhaemophilia, the abnormal allele is recessive and the gene is sex-
linked. Then the next step would be to work out the genotypes of the parents from
theinformation given and use this to create a genetic diagram.
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Examples of Genetic Diseases

Cystic Fibrosis

e Cystic fibrosis is a genetic disorder of cellmembranes caused by a recessive allele (f) of
the CFTR genelocated on chromosome 7
o This gene codes for the production of chloride ion channels required for secretion of sweat, mucus

and digestive juices

e Afaultinthe CFTR gene leads to production of non-functional channels
e Thisleadstoreduced levels of sodium chloride in secretions which subsequently reduces the
movement of water by osmosis into the secretions
e Ultimately resulting in the body producing large amounts of thick, sticky mucus in the air passages
e Overtime, themucus builds upin thelungs leading to infections and blocks narrow
passageways, such as the pancreatic duct, leading to reduced digestive efficiency as a
result of less enzyme secretions
e Cystic fibrosisis determined by arecessive allele, this means:
o Peoplewho are heterozygous (only carry one copy of therecessive allele) won’t be
affected by the disorderbut are “‘carriers’
o People must be homozygous recessive (carry two copies of therecessive allele) in
ordertohavethe disorder
o If both parents are carriers, the chance of them producing a child with cystic fibrosis is
1in4,0r25%
o If only one of the parents is a carrier (with the otherparent beinghomozygous
dominant), thereis no chance of producing a child with cystic fibrosis

BOTH PARENTS ONLY ONE PARENT
ARE CARRIERS MOTHER IS A CARRIER MOTHER
F® F| F
’F == ( F [REE R
FATHER My FATHER |4
®| Fr (@] Fr | Ff
25% CHANCE OF PRODUCING A 0% CHANCE OF PRODUCING A ?‘j
CHILD WITH CYSTIC FIBROSIS CHILD WITH CYSTIC FIBROSIS

Inheritance of cystic fibrosis if both parents are carriers or if only one parentis a carrier

Huntington's Disease

¢ Huntington’s diseaseis a genetic condition that develops as a person ages

¢ Usually a person with the disease willnot show symptoms until they are 30 plus years old

¢ Anindividual with the condition experiences neurological degeneration; they lose their
ability towalk, talk and think

e Thediseaseis ultimately fatal
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¢ Ithasbeen foundthatindividuals with Huntington's disease have abnormal alleles of the

HTTgene

o The HTT gene codes for the protein huntingtin which is involvedin neuronal

development
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¢ The abnormal alleleis dominant overthe normal allele

o Ifanindividualhas one abnormal allele present they will suffer from the disease
o Ifonly oneparentis a carrier of the dominant allele, thereis stillalin 2or50% chance of

producing a child withthed

isease

ONLY ONE PARENT
IS A CARRIER

Huntington’s is caused by a dominant allele
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Sex-linked Genetic Diseases YOURNQOTES

Some genetic diseases inhumans are sex-linked {
Inheritance of these diseases is differentin males and females
o Sex-linked genes are only present on one sex chromosome and not the other
o This means the sex of an individual affects what alleles they pass on to their offspring
through theirgametes

If the geneis on the Xchromosome males (XY) will only have one copy of the gene,
whereas females (XX) willhave two

There are three phenotypes for females - normal, carrierand has the disease, whereas
males have only two phenotypes - normal orhas the disease

Sexlinkage in drosophila

Thomas Morgan discovered sexlinkage in Drosophila through studying the ratios of
offspring produced from crosses of flies with different eye colours
He found that when crossing white eyed females andred eyed males, theratios achieved
were different to those observed when crossing red eyed females with white eyed males
Forexample, when crossing a red eyed male, XRY, with a white eyed female, X'x", Thomas
Morgan foundthat all female offspring had red eyes and all male offspring had white eyes

o Ifthis was a gene found on an autosome, he would have expected to see that all of the

first filial (Fy) generation would have red eyes becauseredis dominant

Analysis of theresults lead Thomas Morgan to deduce that the gene for eye colour was
found on the X chromosome and therefore males possessed only one allele for that
phenotypic characteristic

g! i E X g! i E Male gametes

X Y
K< Fr<

P
X X2 X" Xy
Female Red eyed female | White eyed male
gdmetes ﬁ ﬁ;
Xl'
xR X" XY
Red eyed female | White eyed male
ALl females All males
have red have white
eyes eyes

Eye colourin Drosophila is determined by a gene found on the sexchromosomes
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Exam Tip YOURlNOTES

The expected notation when writing about sex linked alleles is to use upper case ‘X'
and'Y' forthe chromosome, next to superscript letters to represent the allele. For
example XX or XfY.
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Examples of Sex-Linked Genetic Diseases YOURNOTES
l

The gene whichis responsible for synthesizing the photoreceptor proteins of the eye, are
found on the Xchromosome

The photoreceptor proteins are made in the cone cells of the eye and detect the specific
wavelengths of light entering the eye

Red-green colourblindness is caused by arecessive allele of this gene

Males are morelikely to be red-green colourblind as they only posses 1allele forthe gene,
whereas females have 2 alleles and need toinherit 1 faulty allele from both parents in order
to be colourblind

v | x
x| X
R X (FEMALE, (FEMALE,
X NORMAL! | CARRIER)

4
Y XY xXY) Y4 CHANCE OF A MALE
Y (MALE,  |(MALE, CHILD WHO IS
L NORMAL) | COLOURBLIND) COLOURBLIND

@ savemyexams

Punnett grid showing the inheritance of colourblindness, an X-linked condition

Haemophilia

Haemophiliais a wellknown sex-linked disease

Thereis a gene found onthe X chromosome that codes for a protein called factor VIII.
Factor Vlllis needed to make blood clot

There are two alleles for factor VIII, the dominant F allele which codes fornormal factor Vil
andtherecessive f allele which results in alack of factor VIlI

When a person possesses only therecessive allele f, they don’t produce factor Vlll and their
blood can't clot normally

If males have an abnormal allele they will have the condition as they have only one copy of
thegene

Females can be heterozygous for the faulty gene and not suffer from the condition but act
as a carrier

This means that haemophilia is a potentially fatal genetic disease which affects males more
than females
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*9 Worked Example
[ J

Worked example: Haemophilia

e The genetic diagram below shows how two parents with normalfactor Vill can
have offspring with haemophilia

Parental phenotypes: carrier female xnormal male
Parental genotypes: XXf XFY

Parental gametes: X orXf XForY

Monohybrid Punnett Square with Sex-linkage Table

Male gametes

XF

X X"/ female XFY/ male with

with normal blood normal blood

clotting clotting
Female gametes

X" X'/ carrier X*Y / male with

female haemophilia

Predicted ratio of phenotypesin offspring

1female with normal blood clotting : 1 carrier female : 1 male with haemophilia : 1 male with normal
blood clotting

Predicted ratio of genotypes in offspring: XX : 1XFXf: 1XFY 1 1XFY

(") Exam Tip

¥ Makesuretoinclude all of yourworking out when constructing genetic diagrams. It
is not enough just to complete a punnett grid, you need to show that you have
thought about the possible gametes that can be produced by each parent.Also,
remember to state the phenotype as well as the genotype of the offspring that
result from the cross. Read the questions carefully when answering sex-linked
inheritance questions - is the question asking for a probability forall children oris it
asking about a specific sex(males or females).
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Human Genetic Diseases YOURNOTES
l

There are thousands of genetic diseases that affect humans, although many are caused by
recessive alleles and are therefore very rare
Naturally numbers of people suffering from diseases caused by recessive allele remains
very low due to the low probability of inheriting 2 recessive alleles. This is the recognised
pattern of Mendelianinheritance
Additionally, the Human Genome Project made it possible to sequence the entire human
genome and opened up the opportunity for scientists to pinpoint which part of the genome
is responsible for specific genetic diseases
Now individuals can go through tests to sequence theirown genomein order to establish
thelikelihood of inheriting an allele which could cause a genetic disease
Parents may choose to go through this sequencing process before having children so that
they are aware of therisks

o They can makeinformeddecisions based on the outcome of the test
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YOURNOTES

l
Causes of Mutations

¢ Amutationis achangeinthe sequence of base pairsina DNAmolecule
e They occurrandomly and continuously to create new alleles of a gene
o Often only with a very smallnumber of differences in the base sequence

* Asthe DNAbase sequence determines the sequence of amino acids that makeup a
polypeptide, mutations in a gene can sometimes lead to a changeinthe polypeptide
that the gene codes for

o Ifthechangeis significant, this couldbe harmful for the organism (mutations arerarely
beneficial). [t may affect the ability of the protein to performits function
o Forexample:
= |fthe shape of the active site on an enzyme changes, the substrate may no longer
be abletobindto the active site
= Astructural protein (like collagen) may loseits strength if its shape changes

¢ Mostmutations are neutral because they do not alter the polypeptide oronly alterit
slightly so thatits structure or functionis not changed
o Thisis becausethe genetic codeis degenerate

e Mutations inbody cells canleadto cancer. These mutations are often eradicated when the
individuals dies

e Mutations of cells which are involvedin gamete production can be inherited by the next
generation

Mutagenic agents

e There are naturalmechanisms that take place within cells to ensure the accuracy of DNA
replication
o Thesemechanismsinvolve proofreading andrepairing damaged DNA

* When the mutationrate of a cellrises to above a normal (usually low) rate then these
mechanisms have become ineffective
¢ Mutagenic agents are environmental factors thatincrease the mutationrate of cells
Radiation can cause chemicalchanges in DNA, thisincludes:
o High-energy radiation such as UV light
o lonisingradiation such as X-rays, gamma rays and alpha particles

Chemical substances can also caused changes to DNA, examples include
o Benzo[a]pyrene and nitrosamines foundin tobacco smoke
o Mustard gas usedas a chemicalweapon in World War|
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IONISING RADIATION YOURNOTES
«ENTERS THE NUCLEUS - 1
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lonising radiation can cause mutations in DNA
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Effects of Radiation

Chernobyl Nuclear Disaster

¢ Chernobyl Nuclear PowerPlantis in Ukraine
¢ In1986 anincident at the plant caused an explosion and firein the nuclearreactor core
e Alarge amount of radioactive material was released from the plant and wentinto the air
o Radioactiveisotopes of xenon, krypton, iodine, caesium, and tellurium were released

as well as large amounts of small particles of uranium

¢ Hundreds of thousands of people were evacuated from the surrounding area to protect
them from being contaminated
¢ Anexclusionzone of around 2,600 square kilometres is stillin place around the power plant
o Thisis because thelevel of radiationin the area is still very high

CHERNOBYL

The Chernobyl Disaster is probably the worst nuclear disasterin history

¢ The effects of the Chernobyl powerplant explosion were significant:

o}

o}

o

The totalnumber of radiation related deaths to date has reached 4000

Large areas of pine forest turned brown and died in the weeks afterwards
Agricultural animals died due to thyroid damage caused by radioactive iodine and
the consumption of contaminated meat e.g.lamb, was banned

Milk produced contained high levels of iodine in areas where waterways had been
contaminated

Bioaccumulation of radioactive materials occurredin nearby waterways affecting fish
in countries thousands of kilometres away and contaminating drinking water for
many species

Thousands of cases of thyroid cancer were recorded as a direct result of the
radioactiveiodine, including over4000 in children and adolescents
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e However, despite all this, thereis no significant evidence of an increasein solid cancers or
leukaemia even in the most affected population
¢ With nohuman habitation within the exclusion zone since the explosion, other wild animals
and many species of plants have movedin and colonised the area
o Despite the high radiation levels, the life expectancy of these organisms has not been
shortened

¢ Thelongterm effects on those who were exposedto low levels of radiation are yet
unknown as studies continue

Nuclear bombing of Hiroshima and Nagasaki

¢ Two atomic bombs were droppedin Japan towards the end of World Warll. One on
Hiroshima and one on Nagasaki
e Between150 000 and 200 000 people died as a direct result of the bombs
o Half of these people died on the day the bombs were detonated and therest diedin
the months immediately afterwards as a result of burns, radiation sickness, injuries
or throughillnesses and malnutrition

* Huge studies were carried out on other survivors, compared to a control group, to build a
bigger picture of the longer term impact of high exposure to radiation

o Incidence of cancerwere much higherin the survivors studied compared to the control
group

o Anincreaseinleukaemia cases was seeninboth cities aftera 2 year delay, which
reached a peak around 6 years after the bombings

o Thosewho were closerto ground zero seemed to be more seriously affected

o Therewere also thousands of recorded cancerous tumours in the groups being
monitored, although due to confounding factors, only around 800 could be formally
attributed to the effects of radiation

¢ Alargestudy was also carried outinto the effects on babies pre and post birth
o |twas expectedthatthere would be high numbers of mutations resultingin
subsequent stillbirths or deformities, however, the numbers of incidence recorded
were not significant
o Therewas no evidence to suggest thatbabies conceived by survivors of the
bombings were more likely to be born with birth defects

e Therewere many more social impacts associated with the bombs
o Thesurvivors were labelled 'Hibakusha', meaning 'the explosion affected people' and
the associated stigma lead to widespread discrimination
= There were concerns about whether the Hibakusha were contagious orwhether
theillnesses that they experienced were heritable. Sterilisation programs were
even considered
= Asaresult, many survivors struggled to find employment or marry
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Gel Electrophoresis

Gel electrophoresisis used to separate proteins or fragments of DNA
accordingtosize
* Gel electrophoresisis a technique used widely in the analysis of DNA, RNA, and proteins
¢ Duringelectrophoresis, the molecules are separated with an electric current according to
their size ormass and theirnet (overall) charge
¢ This separation occurs because of:
o Theelectrical charge molecules carry:
= Positively charged molecules willmove towards the cathode (negative pole),
whereas negatively charged molecules willmove towards the anode (positive
pole) e.g. DNAis negatively charged due to the phosphate groups and thus,
when placedin an electric current, the molecules move towards the anode

o Thedifferent sizes of the molecules:
= Different sized molecules move through the gel (agarose for DNA and
polyacrylamide for proteins) at different rates. The tiny pores in the gelresultin
smaller molecules moving quickly, whereas larger molecules move slowly

o Thetypeofgel:
= Different gels have different sized pores that affect the speed at which the

molecules can move through the gel

DNA separation
¢ DNAcan becollected from almost anywhere on the body, e.g. theroot of a hairorsaliva
from a cup. After collection, DNA must be prepared for gel electrophoresis so that the DNA
can be sequenced oranalysed for genetic profiling (fingerprinting)
e Topreparethe fragments, scientists must firstincrease (amplify) the number of DNA
molecules by the Polymerase Chain Reaction (PCR)
e Thenrestriction (DNA-cutting) enzymes are used to chop the DNA into fragments

Method

* Toseparatethe DNA fragments in gel electrophoresis:

1. Create an agarose gel platein a tank. Wells (a series of smallrectangularholes) are cut
intothe gelatone end
2. Submerge the gelin an electrolyte solution (a salt solution that conducts electricity) in

thetank

3.Load(insert) the DNAfragmentsinto the wells using a micropipette

4. Apply an electrical current to the tank. The negative electrode must be connected to
the end of the plate with the wells as the DNA fragments willthen move towards the
anode (positive pole) due to the attraction between the negatively charged
phosphates of DNAandtheanode
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5.DNA fragments with a smaller mass (i.e. shorter DNA fragments) willmove fasterand
furtherfrom the wells than the larger fragments
6.The fragments are not visible so must be transferred onto absorbent paperor
nitrocellulose whichis then heated to separate the two DNA strands
7.Probes are then added to develop a visual output, either:
= Aradioactivelabel (e.g. a phosphorusisotope), which causes the probes to emit
radiation that makes the X-ray film go dark, creating a pattern of dark bands
= Afluorescent stainordye (e.g. ethidium bromide), which fluoresces (shines)
when exposed to ultraviolet (UV) light, creating a pattern of coloured bands

WELLS (DNA SAMPLES
LOADED HERE AFTER
TREATMENT WITH

RESTRICTION ENZYME)

-CATHODE -

POWER SUPPLY
(BATTERY — MAXIMUM
VOLTAGE 45 VOLTS)

BUFFER
SOLUTION

AGAROSE
GEL

ASEPARATES INTO

BANDS OF DIFFERENT
SIZED FRAGMENTS

THE DNA FRAGMENTS IN THE GEL ARE MADE
VISIBLE, TYPICALLY BY THE ADDITION OF A
SPECIFIC DYE WHICH PENETRATES AND COLOURS
THE BANDS OF DNA FRAGMENTS

|

DNA ELECTROPHORETOGRAM |

®

The process of electrophoresis
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¢) ExamTip YOUR ll\lOTES
* Remember gel electrophoresis is the separation of molecules according to their size
and charge (negatively charged DNA molecules move to the positive pole).
Examiners like to ask questions about gel electrophoresis, so make sure you
understand each of the different steps in the process.
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Polymerase Chain Reaction (PCR)

PCR can be used to amplify small amounts of DNA

¢ Polymerase ChainReaction (PCR)is acommon molecularbiology technique usedin most
applications of gene technology
o Forexample,itis usedin DNA profiling (e.g. identification of criminals and determining
paternity) or genetic engineering
o Inthe COVID-19 pandemic, PCR has beenused in routine diagnostic testing to
amplify smallamounts of viral RNA

¢ |tcanbedescribedas theinvitro method of DNA amplification
e |tisusedto produce large quantities of specific fragments of DNA or RNA from very small
quantities (evenjust one molecule of DNA or RNA)
o Using PCR, scientists can produce billions of identical copies of the DNA or RNA
samples within a few hours, these can then be used for analysis

Therequirements of PCR

e EachPCRreactionrequires:
o Thetarget DNA orRNA thatis being amplified
o It'simportant that the whole genomeis not required to be copied - only specific
sections thatvary from oneindividual to another
= Thesesections are identified by adding a primer sequence that binds to them

o DNApolymerase - the enzyme usedto build the new DNA or RNA strand. The most
commonly used polymeraseis Taq polymerase as it comes from a thermophilic
bacterium Thermus aquaticus

= This means it does not denature at the high temperature involved during the first
stage of the PCRreaction

o Freenucleotides - usedin the construction of the DNA or RNA strands
o Buffer solution - to provide the optimum pH for the reactions to occurin

The key stages of PCR

 The PCR processinvolves three key stages percycle

¢ Ineachcyclethe DNAis doubled(soinastandardrun of 20 cycles a million DNA molecules
are produced)

e The PCR process occursin a piece of specialist equipment called a thermal cycler, which
automatically provides the optimal temperature for each stage and controls the length of
time spentateachstage

e Thethreestagesare:

1. Denaturation - the double-stranded DNAis heated to 95°C which breaks the
hydrogen bonds that bond the two DNA strands together

2. Annealing - the temperatureis decreased to between 50 - 60°C so that primers can
annealto the ends of the single strands of DNA

3. Elongation / Extension - the temperatureisincreasedto 72°C foratleast a minute, as
thisis the optimum temperature for Tag polymerase to build the complementary
strands of DNA to produce the new identical double-stranded DNA molecules
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¢ Eachwhole cycle takes a few minutes, so 30 cycles can take just afew hours and can YOURNOTES
generate 23! (over1billion) copies of a gene from a single DNA molecule, by exponential 1
amplification
= = TARGET GENE e EXPONENTIAL
_<_ AMPLIFICATION

OF DNA BY PCR

m { 2nd CYCLE
st CYCLE  mmmmmmmeo > 30th CYCLE
TEMPLATE — 2 —
DNA — |
2%= —
4 COPES 2*= o — < —
8 COPIES 16 COPIES 55 copies 2*' = OVER 1 BILLION
COPIES
Target DNA sequences canbe copied exponentially by PCR to generate billions of copies in
ashorttime
(’) Exam Tip
w

You don't need to know the detail of the three stages and the temperatures the
reactions occur at during the different stages. However, you must know why the Tag
polymeraseis usedin PCR (from Topic 2.6.3). The main learning point is that PCR can
be usedto amplify very smallamounts of DNAinto large numbers of molecules for
analysis.
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!
Use of DNA Profiling

DNA profilinginvolves comparison of DNA

+ DNA profiling (genetic fingerprinting) enables scientists to identify suspects fora crime
andidentify corpses because every person (apart fromidentical twins) has repeating,
short, non-codingregions of DNA (20 to 50 bases long) that are unique to them

e TocreateaDNA profile from the DNA being tested scientists complete the followingin
sequence:

1. Obtainthe DNA, which can be extracted from the root of a hair, a spot of blood, semen
orsaliva

2.Increase the quantity of DNA by using PCR to produce large quantities of the required
fragment of DNA from very small samples (even just one molecule of DNA or RNA).

3. Userestriction endonucleases to cut the amplified DNA molecules into fragments

4. Separate the fragments using gel electrophoresis

5. Addradioactive or fluorescent probes that are complementary and therefore bind to
specific DNA sequences

6.X-rayimages are produced or UV light is used to produce images of the fluorescent
labels glowing

7.Theseimages contain patterns of bars (the DNA profile) which are then analysed and
compared
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DNA Profiling

Use of DNA profiling in Paternity Investigations

¢ Amanmay sometimes deny being the father of a child to evade parenting responsibilities
 Awoman may not know for sure which of herrecent sexual partners is the father of a child
e Achildmay wish to know definitively who his/her fatheris to be aware of possible inherited
ilinesses that might affect him/herin future
¢ DNA profiles of the motherand child are compared, along with the profile of the alleged
father (all three are needed)
¢ Patterns of bands are compared on all three genetic profiles
o Anybandthatappearsinthe child's profile must show in either the mother's or
father's profiles; if not, the alleged true fatheris a different man

*> Worked Example

Who's the Father? - Use the DNA profiles of all 6 people shown to work out who the
child’s fatheris

| 4 POSSIBLE FATHERS |

A
o
I - )]
I Aty (el \
ah | r'ﬁ
= I
I
[cHiD] [MOTHER] ! | A || B || ¢ || b |
I
1 : LARGEST
2 [ — B I‘ | T— B T — FRAGMENT
I
3| — — : — —
4 e I :
5 | e— — |
I
| —
I S : SMALLEST
5 ! — DNA
! — — FRAGMENT

Remember, any band showingin the child's profile must be presentin the mother OR father's
profile, ORboth. If not, that manis not the child's father.

Step 1: Look at the child's first DNA band (labelled 1)

The mother possesses this same band, so the child could have inherited that DNA fromiits
mother. Itis therefore needless tolook at whetherany of the men possess thatband

Step 2: Look at the child's second DNA band (labelled 2)

The motherdoes not possess this band, so the child must haveinherited it from its father. Only
men B and D possess this band, somen Aand C are eliminated

Step 3: Look at the child's third DNAband (labelled 3)
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As with band 1, the motherpossesses this same band, so the child could haveinherited that
DNAfromits mother. Itis therefore needless tolook at whetherany of the men possess that
band

Step 4: Look at the child's fourth DNA band (labelled 4)

The motherdoes not possess this band, so the child must have inherited it from its father. Only
men A, Band C possess this band, but Aand C have already been eliminated

Step 5: Conclude that Bis the father
Step 6: Look for supporting evidence fromband 6

The motherdoes not possess this band, and the only manwho possessesitis B. This reinforces
the conclusion that Man B is the child's father

Use of DNA profilingin Forensic Investigations
¢ DNA profiling has been used by forensic scientists to identify suspects of crimes
o Samples of body cells orfluids (eg. blood, saliva, hair, semen) are taken from the crime
scene orvictims body (eg. rape victims)

o DNAisremoved and profiled
o Theprofileis compared to samples fromthe suspect (or criminal DNA database),

victim and people with no connection to the crime (control samples)
o Caremustbe taken to avoid contamination of the samples

¢ DNA profiling can also be usedin forensics to identify bodies orbody parts that are
unidentifiable (eg. too badly decomposed or parts remaining aftera severe fire)
¢ DNA profiling from a crime scene can also eliminateinnocent people whose DNA may

happen to appearthere
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YOURNOTES
?\\\l\ !
CRIME-@
VICTIM SCENE

KNOWN
LENGTHS Control
DNA

Victim

Using DNA profiling in criminal investigations. Suspect 3 has the most fragments incommon
with the crime scene DNA soitis likely that Suspect 3is the culprit.

¢) ExamTip

¥ Inthe exam, you will be expected tointerpret the results of gel electrophoresis
experiments used to separate DNA fragments. Forexample, you will be given a few
different genetic fingerprints and willhave to match the victim to the crime or
determine the parents of children. In these questions, you need to look forthe most
bands in common ora combination of parents' fingerprints that covers all the child's
bands.
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Genetic Modification

Genetic modification is carried out by gene transfer between species

Genetic modificationis a term usually used toreferto the transfer of DNA sequences from
one species to another
The key feature of the genetic code that makes this possibleis thatit is universal, meaning
that almostevery organismuses the same four nitrogenous bases - A, T, C& G.Thereare a
few exceptions
o Additionally the same codons code for the same amino acids in all living things
(meaning that geneticinformation is transferable between species)

Thus scientists have been able to change an organism's DNA artificially by combining
lengths of nucleotides from different sources (typically the nucleotides are from different
species)

If an organism contains nucleotide sequences from a different species itis called a
transgenic organism

DNAthathas beenintroducedinto the genome of another organismis called recombinant
DNA (rDNA)

Any organism that has introduced genetic material is a genetically modified organism
(GMO)

The mechanisms of transcription and translation are also universal which means that the
transferred DNA can be translated within cells of the genetically modified organism

Recombinant DNA technology

This form of genetic modification involves the transfer of fragments of DNA from one
organism/species into another organism/species
Theresulting genetically modified organism will then contain recombinant DNA and will be
a Genetically Modified Organism (GMO)
Example
o Agene fromthe bacterium Bacillus thuringiensis (Bt for short) codes for a toxin that
has insecticide properties
o This gene has useful properties in commercial maize plants (Zea mays), so has been
transferredinto transgenic maize plants to make themless susceptible toinsect
pests, improving agricultural productivity as a result
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RECOMBINANT
DNA

BACILLUS THURINGIENSIS

TRANSGENIC/GENETICALLY MODIFIED
ORGANISM CONTAINING THE Bt
TOXIN TO KILL INSECT PEST

lllustration of a maize plant that has recombinant DNA (DNA from Bacillus thuringiensis)

Uses of genetic modification

* Becauseallgenes code for proteins, useful proteins can be manufactured by the creating
of transgenic organisms
¢ Some of the key uses of genetic modification include the genetic modification of:
o Cropstoincrease cropyieldthrough resistance to drought, disease, pesticides and
herbicides; orto provide increased nutritional value (e.g. goldenrice)
o Livestock to give disease and pestresistance, increased productivity and new
characteristics (eg. goats that produce milk containing spider silk)
o Bacteria to produce medicines e.g. insulin. Additionally bacterial can be modified to
decompose toxic pollutants or carry out large scale chemical production

Analogy: Essay Writing and Recombinant DNA

¢ Creatingtransgenic organisms is ratherlike copying and pasting some text from one of
your previous essays into the one thatyou are currently writing

e |Ifyou believe that the essay thatyou are currently writing can e strengthened by the use of
some text from another essay that you have previously written, itis a common practice to
use the computer’'s copy and paste function to transfer text in one block without having to
retypeit

¢ This has similarfeatures to genetic modification in the creation of a transgenic organism
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Essay writing

A

identify useful text from first
essay

Genetic modification

identify useful gene in one
organism

Same language?

yes — english to english

yes — universal genetic code
(g,¢,g,t)

Identify start
point

place mouse cursor at beginning
of text to be copied

find restriction site at the
beginning of the gene to be copied

Select material
to be copied

select down to the end of the
text to be copied

find restriction site at the end
of the gene to be copied

Cut right—click—cut or ctrl—x restriction endonuclease enzymes

Vector computer clipboard (memory) eg. d plasmid

Select place mouse cursor at insertion | restriction endonucledase enzyme

destination point to open up dna at the insertion
point

Paste right—click—paste or ctrl—v ligase enzyme to merge

recombinant plasmid into
destination genome

Function check

does the pasted text convey
the point i wish to make in this
essay, in the right place?

is the recombinant gene

being expressed effectively in the
transgenic organism? are there no
detrimental side effects?

Ethical
considerations

have i pasted my own tex+t and
not plagiarised somebody else’s
work?

many ethical considerations
(see Later revision notes)
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Genetic Modification: Enzymes
Gene transferto bacteria using plasmids makes use of restriction
endonucleases and DNA ligase

¢ Inorderforan organismto be genetically modified the following steps must be taken:
o ldentification of the DNA fragment orgene

]

Isolation of the desired DNA fragment (eitherusing restriction endonucleases or
reverse transcriptase)
Multiplication of the DNA fragment (using polymerase chain reaction - PCR)
Transferinto the organismusing a vector (e.g. plasmids, viruses, liposomes)
= Aplasmidis a small, circularloop of DNA foundin the cytoplasm of bacteria,
separate fromits mainloop of DNA
= Plasmids form part of the bacterial genome
= Plasmids are extremely usefulin genetic modification because of their small size
andtheirability to be manipulated separately to the bacterium's main genome

o

(e}

(e}

Identification of the cells with the new DNA fragment (by using a marker), which is
then cloned

¢ Geneticists need the following 'tools' to modify an organism:
o Enzymes
= Restriction endonucleases - used to cut genes at specific base sequences
(restriction sites). Different restriction enzymes cut at different restriction sites
= These can create sticky ends
= Ligase-usedtojointogetherthe cutends of DNA by forming covalentbonds and
sealingup nicks where fragments have not quite been joined firmly with covalent
bonds
= Reversetranscriptase - used to build double-stranded DNA from single-
stranded RNA
= This DNAis called cDNA (complementary DNA)

o Vectors - usedto deliver DNA fragments into a cell
= Plasmids - transfer DNAinto bacteria oryeast
= Viruses - transfer DNAinto human cells orbacteria
= Liposomes - fuse with cellmembranes to transfer DNAinto cells

o Markers - genes that code foridentifiable substances that can be tracked
= eg.Fluorescent
= suchas green fluorescent protein (GFP) which fluoresces under UV light
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Anoverview of the steps taken to genetically modify an organism (in this case bacteria are
being genetically modified to produce humaninsulin)

NOS: Assessingrisks associated with scientific research; scientists
attempt to assess therisks associated with genetically modified crops or
livestock

¢ There are obvious benefits of genetically modified organisms being able to express useful
genes forhuman gain
¢ Nevertheless, there are some potential risks that this technology may raise, which
scientists (and society in general) need to evaluate alongside the benefits
o Forexample, there was much concern that using microorganisms in genetic

modification could spread pathogenic disease more widely than had been the case
before

¢ Thishasledtointense debates between scientists and within wider society about therole
that genetically modified crops can play in the world

¢ This topic generates alot of publicity, some parts of it better-informed scientifically than
others
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e Scientists mustask: YOURNOTES
o What are therisks of an accident or otherharmful effects of using GMOs in 1

agriculture?
o How dangerous could those effects be?

e Many scientificinnovations, like GMO crops, appear at first glance to be a great leap
forward toimprove the fortunes of humans as a species
¢ However, the science canbeusedin ways that are morally questionable (such as rapid
generation of profits)
¢ This canleadtounexpected problems, as set outin the possible risks section above
e |tisimportant forhumans from all walks of life, informed by scientists, to:
o Conduct ethical discussions
o Carry outrisk-benefit analysis andrisk assessment
o Apply the precautionary principle
= When a discoveryraises a significant threat of harm to the environment orhuman
health, there should be anassumption that harm will be caused, until evidenceis
put forwardto the contrary

» Likeallof science, claims and hypotheses have to backed up with experimental evidence
o Experiments have to be controlled, reliable andrepeatablein orderto draw
meaningful conclusions
o Onesuchexampleis the effect of Bacillus thuringiensis (Bt) toxin-containing pollenin
maize plants, on the distribution and health of monarch butterfly larvae

(’) Exam Tip

¥  When answering questions about genetic modification you should rememberto

include the names of any enzymes (restriction endonucleases, reverse
transcriptase, ligase) involved and mention that vectors (transfer the desired gene)
arealsoused.
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Genetic Modification of Crops: Risks & benefits

NOS: Assessingrisks associated with scientific research - scientists
attempt to assess therisks associated with genetically modified crops or
livestock

¢ Although plants and animals have been genetically modified to produce proteins usedin
medicine, the main purpose for genetically modifying them is to meet the global demand
forfood
¢ Thebenefits of using genetic modification rather than the more traditional selective
breeding techniques to solve the global demand forfood are:
o Organisms with the desired characteristics are produced more quickly
o Allorganisms will contain the desired characteristic (there is no chance that recessive
allele may arisein the population)
o The desired characteristic may come from a different species/kingdom

e Companies that produce genetically modified (GM) seed are very skilled at explaining the
benefits of theiruse

e The companies make claims aboutimproved crop yields and reductionin the use of
chemical pesticides/herbicides

¢ These claims make good sense at first, in a world where a rapidly growing human
population needs a reliable supply of food

Potential benefits of GM crops

¢ Pest-resistant crop varieties can be created using genes that produce a toxin
o Thisreduces insecticide use on the crop
o Inturn,thereisless effect on non-pestinsects such as bees in the vicinity of the crop

» Less ploughing and spraying of the cropis required, soless machinery (and fueltorunit) is
required
¢ Crop shelf-life can beimproved, so thereis less wastage in the supply chain
o This makes theland usedto grow those crops more productive

e Crops can be made frost-resistant or drought-resistant, allowing farmers onrelatively
pooragriculturalland to grow crops and earn a living
e Crops can be enriched eg. with vitamins, to increase their nutritional value
* Herbicide-resistant crops can be created, so that use of herbicides eliminates
competition from other plants
o More of the crop can grow as itis not competing with other plants for sunlight, space,
soilnutrients etc.

« Disease-resistant varieties can grow which again, increases crop yields

Potential risks of GM crops

e Many people object to the use of GMOs in food production due to a lack of long-term
research on the effects on human health
o Itisunknown whetherit willcause allergies or be toxic overtime (although there has
been no evidence to suggest this would occurto date)

¢ Organicfarmers have claimedthat the pollen from GM crops may contaminate nearby
non-GM crops that have been certified as organic
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Environmentalists are concerned about thereductionin biodiversity for future
generations, caused by monocultures of GM varieties
o Thereis atheory that agriculturalmonocultures are not sustainable without heavy use
of fertilisers

Crops with less genetic diversity are more vulnerable to extinction
o GM crops may become weeds orinvade the natural habitats bordering the farmland

Herbicide-resistance genes could transferto weed plants resultingin "superweeds”
GM crops that produce toxins may cause harm to non-target species like the Monarch
butterflies
The antibiotic-resistance genes that are commonly used as marker genes in genetic
modification could transfer to pathogenic organisms that would then be untreatable with
antibiotics - "superbug"
Tampering with viralgenomes couldresultin a completely novel animal virus that can
affecthumans or cause existing ones to become more harmful to the host

o Thisisonlyanissueif the pathogens are able to escape thelab and enterthe wild

Overtime mutations may occurin theinserted genes that cause them to have unwanted
effects on organisms
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Cloning

Clones are groups of genetically identical organisms, derived from a single original parent
cell
Aclonedcellis a cellthatis genetically identical to the cell that it originated from
Sexualreproduction produces a zygote when gametes fuse
In a single birth, this zygote is not cloned and will itself reproduce sexually as an adult
o |denticaltwins are clones of each other as they are formed from one zygote splitting
into two parts, which each develops into an embryo

Clones form naturally and artificially

The simple gardening technique of taking plant cuttings relies on cloning
Otherorganisms are manipulated to form multiple clones when grown commercially eg.
large-scale growth of crop plants, to ensure a uniform crop and good crop yields

This ensures that desirable characteristics appearin the phenotypes of every organism
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Cloning: Natural Methods YOURNOTES
l

Many plant species and some animal species have natural methods of cloning
Asexual reproduction is muchless commonin animals thanin plants

Some smallanimals reproduce asexually by parthenogenesis eg. aphids

The othernaturally occurringincidence of cloningin animals is identical twins

Natural cloningin plants

Many methods of cloning do not require seeds as itis not sexual reproduction thatis
occurring, itis asexual reproduction

Awellasrunners, plants can propagate asexually using tubers, rhizomes, bulbs,
suckers, and offsets
Allmodes of natural plant cloning contain modified stems that can generate meristem
tissue
Potato tubers are swollen modifiedroots that form eyes on their surface

o Eyes cansproutnew growth (called'chitting')

o Thestarchstoredin the tuberfuels the early growth of the new plant

Ginger forms rhizomes, a modified stem that grows horizontally underground
o New growth stems from nodes in the rhizome, forming new stems and adventitious
roots
o Thesectionusedin cookery is therhizome

Onions and garlic form bulbs that can grow adventitious roots underground and leafy
shoots above ground
Suckers are growths that appear from theroot systems of many trees and shrubs, which
can provide meristematic tissue forvegetative propagation

o Examples are poplars, cherries and plums

Offsets are small, virtually complete daughter plants that have been asexually produced
on the motherplant
o Examples are tulips andlilies
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An example of natural cloning in plants with runners that form adventitious roots

Identical twins

¢ Aneggis fertilised by a spermas in a singleton birth

¢ This forms azygote

¢ Thesingle zygote undergoes a few cell cycles (mitotic divisions) to become an embryo
o Thisis why identical twins are referred to as monozygotic

* Attheembryo stage, the embryo splits intwo; the exact causes of this kind of split are not
wellunderstood

¢ Thetwo embryos that form areidentical (have exactly the same genotype) and developin
utero(i.e.inthe uterus) together

e Theresultis the birth of identical offspring, always of the same gender, with identical
phenotypes

e Becausenon-identical twins are formed from separate eggs and sperm, they are not
clones
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Identical twins are natural clones when a zygote splits into two parts and each part develops
into a separate embryo

(’) Exam Tip
* Although identical (monozygotic) twins share the same genome at the moment

when the embryo splits, identical twins are not clones in the true sense of the word.
Because mutations occurwith every cell cycle, Twin Awill possess slightly different
DNA base sequences to Twin B at the time of birth. The older the twins get, the more
theirgenomes become dissimilaras mutations accumulate. They will still look very
alike throughout theirlives unless there are large differences in theirenvironments as
they grow up.

Page 115 of 129

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, PastPapers



https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

Cloning: Animals YOURNOTES

e Theprocess of embryo twinning (sometimes called splitting or fragmentation) produces {
offspring that are clones of each other but not of their parents
¢ |thasbeen aroutine procedure carried out to boost yields of livestock and promote
desirable characteristics since the 1980s
¢ Thekeystepisthedeliberate division of the embryointo two half embryos
¢ Both halves contain cells that are pluripotent
o Theembryois splitataround the eight-cell stage

e Thesearetheninsertedinto a surrogate mother for gestation and birth

e Thesurrogate gives birth toidentical twins

¢ Insomecases, embryos are splitinto singleidentical cells, each of which can beimplanted
into a separate surrogate motheranimal

e Although embryo twinning guarantees desirable characteristics in the offspring, itis not
possible to predict how many offspring will be produced within a herd of livestock,
something of vitalimportance to a farmer

Y _f

BULL

ZYGOTE

)=0-0

EMBRYO

THE EMBRYO IS DIVIDED
INTO TWO HALF EMBRYOS % [/

SURROGATE MOTHER GIVES
BIRTH TO IDENTICAL TWINS

Embryo twinning of cattle by splitting the embryo
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Therapeutic cloning YOURNOTES

This is a technique designed to use cloned cells to replace dead or damaged cells that l
causealoss of functionin anindividual
Embryos are cloned as inreproductive cloning, but the embryos are removed and
subdivided
Eachindividualembryo cellis pluripotent and can be cultured and artificially
differentiated into any type of specialised cell
In theory, any specialised cell can be derived by this method

o Crucially, specialised cells with the same genome as the sufferer can be cloned and

replaced

An exampleis replacing specialised brain tissue in sufferers of Parkinson's Disease
Atpresent, thereis alot of potential for therapeutic cloning butlittle clinical progress has
beenmade
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Cloning: Using Differentiated Cells YOURNOTES

¢ Methods have been developed for cloning adult animals using differentiated cells {
¢ |twouldbe desirable to clone a differentiated cell because by then it wouldbe easy to
assess the organism's characteristics and whether any of its traits were desirable enough
toclone
o Pluripotent cells can develop into any specialised cell, butitis difficult to predict
whether, once differentiated, they will display desirable characteristics

» Differentiated cells are more difficult to clone because certain genes have been
permanently switched off (those genes will neverbe transcribed again) as the cellhas
developedits specialisedrole

¢ However, pioneeringwork on Xenopus (the African clawed frog) in the 1950s involved:

o Removal of nuclei from Xenopus tadpoles' somatic cells

o Itwas significant thatthe somatic cellwas already fully differentiated eg. a skin cell

o Insertion of these nucleiinto enucleated Xenopus egg cells (eggs whose own nuclei
had been destroyed by UV radiation treatment)

¢ Thisresultedin embryos that grew, divided and differentiated into fully-functioninglive
tadpoles, and ultimately, adult Xenopus frogs

¢ Whilst this work was successful, cloning mammals from differentiated cells proved much
more difficult

e Thework on Xenopus frogs laid the platform for the first mammal cloned by nuclear
extraction

e [twasn'tuntilthe1990s that the firstlarge mammal, Dolly the sheep, was cloned
successfully

| XENOPUS TADPOLE |

SINGLE
SOMATIC

CELL
THE NUCLEUS is\y /
REMOVED AND
TRANSFERRED

INTO THE
ENUCLEATED EGG ﬂ

UV LIGHT
TO DESTROY
THE EGG'S
/ NUCLEUS

ENUCLEATED
EGG

__[NORMAL
/ DEVELOPMENT
CLONED XENOPUS TADPOLE | | ADULT XENOPUS FROG
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Cloning of Xenopus frogs by nuclear transfer from a differentiated cell YOURNOTES
1

Page 119 of 129

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, PastPapers



https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

Somatic Cell Transfer YOURNOTES

Production of cloned embryos produced by somatic cell nuclear transfer {

¢ Thisis the method made famous by Dolly the sheep, clonedin Edinburgh, UKin 1996
Its fullnameis Somatic Cell Nuclear Transfer (SCNT)
Dolly made headlines as being the first livestock animal to be created froma clone
e Three separate animals are required:

o The animal being cloned (by donating a cell)

o Thefemaleto donateaneggcell

o Thesurrogate mother

¢ How the procedureis carried out:
o Theanimalto be cloned donates a somatic (body) cell
= |InDolly's case, this was an udder cell

o

The egg cellis extracted from the egg donor and enucleated (its nucleus is removed
by suction and discarded)

The nucleus from the udder cellis injected into the enucleated egg cell

The hybridzygote cellis now treated to encourageit to divide by mitosis

The embryois implanted into the surrogate mother for gestation and birth

o

[e]

[e]
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Reproductive cloning of animals by somatic cell nuclear transfer
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Cloning Plants

Design of an experiment to assess one factor affecting the rooting of stem-
cuttings
+ Stems canbecutsothatroots develop from the cutend of the stem
» Thisis away of cloning plants artificially, used routinely by gardeners and horticulturalists
* Inmostplants,astemcutbelowanodeis theideal placeto cut
o Anodeis the position where leaves branch off the stem

¢ Leaves below this point are removed

The bottom section of the stemis inserted into compost or water
o Compostmustbe sterilised beforehand by heating
o Compostshouldbe well watered and aerated
o Hormonerooting powder may assist the process of rooting

e Aplastic bagwith holes cutinitis usedto coverthe plant, to prevent excessive waterloss
Rooting takes a few weeks until the cuttingis rooted independently inits soil
* Thesuccess of rootingis variable and can be tested by experimentation

*> Worked Example
[

Design an experiment to assess the effect of addinghormonerooting powderto a
plant cutting before rooting.

Step 1: Decide theindependent variable

Thisiswhatl, as a scientist, alter. This is whetherto use hormone rooting powder ornot when
planting out cuttings

Step 2: Decide the dependent variable

This is what | willmeasure at the end of the experiment. This willbe the mass of root matter
formed by the cuttings. The root matter willbe removed using a sharp scalpeland weighed on
an accuratelabbalance

Step 3: How will the amount of root formation be measured?
This caninvolve cutting away all the root material and weighingiit
Step 4: What variables should be kept constant for a valid investigation?

Species of plant, brand of compostused, mass of compost used, the sterilisation method of

the compostused, pot size, length of cutting, approx leaf surface area present, lightintensity,

temperature, size/material of the plastic bag, size/number of holes in the plastic bagandtime
taken forthe growth of plants

Step 5: How many different types of plants should be used?
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Aplant species should be chosen forrooting experiments that formroots readily in waterora YOURNOTES
solid medium. Basil plants (Ocimum basilicum) are readily available, inexpensive and form roots 1
easily

Step 6: How many cuttings should be used for each treatment

Ideally, three repeats (minimum) for each treatment. This allows repeats for the identification of
anomalies and calculation of a reliable mean

Step 7: Draw out ablank results table to frame theresults
This helps torefine the experimental design before lab work starts

Blank Results Table

300g compost (sterilised) in a brown plastic pot (15cm
height), 10cm cutting length, approx. 12 Lleaves, 25C,
light from table Lamp at 30cm distance, plastic bags

6x2cm cuts, 5 days growth time

Control variables Mass of root growth / g

Independent variable Cutting 1 Cutting 2 Cutting 3 Meadn

Rooting powder
used (approx 5g per
cutting)

No rooting powder
used

Step 8: Dataprocessing
How will | process the data | generate to give meaningful conclusions?

Calculate a % changein the mean mass of root material from using no rooting powder to using
rooting powder

Step 9: Improvements to the experiment

Drying therootmaterialin an oven at 50°c to determine the dry mass of root material. This
removes variation caused by possible fluctuations in root tissue’s water content

Conduct morerepeats toimprove thereliability of the data

Perform experiments on different plants or by using a different brand of rooting
powder/combinations of planthormones
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Analysis of DNA Profiles YOURNOTES

e Inforensicinvestigations, samples of cells orbodily fluids containing DNA have to be taken {
from all victims, witnesses and suspects
e Caremustbetaken not to mixup/contaminate samples
o Defencelawyers often seek to scrutinise the accuracy of DNA sampling because the
identification of a sampling error caninvalidate evidence andresultin an acquittal

¢ Thesame pattern of bands in a specimen left ata crime scene and a possible suspectis
often enough to convict that suspect

¢ |Inpaternity investigations, analysis is more complicated because each bandfoundin the
child's DNA profile must be found eitherin the mother's orthe father's DNA

e Ifachilddisplays abandthatis not displayed by the mother or the man who is presumed
tobethe father, a different man mustbe that child's father(see page 3.4.2 DNA profiling)

*9 Worked Example
°

Paternity Investigation: Who's the Father? - Use the DNA profiles of all 6 people
shown to work out who the child’s fatheris

| 4 POSSIBLE FATHERS |

AN
"y
I - )]
I L (il \
& @ P f’ﬁ
g I
I
[cHLD] [MOTHER] | | A || B [ c J[ b |
I
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2 | — T I‘ [—| — ] T — FRAGMENT
I
3| — — : e - —
4 | — ; — — —
5 | e— E— |
I
! S— —
[ — S : SMALLEST
5 ! — DNA
. — FRAGMENT

Remember, any band showingin the child's profile must be present in the mother OR father's
profile, ORboth. If not, thatmanis not the child's father.

Step 1: Look at the child's first DNA band (labelled 1)

The motherpossesses this same band, so the child could have inherited that DNA fromits
mother. Itis therefore of no benefittolook at whetherany of the men possess thatband

Step 2: Look at the child's second DNA band (labelled 2)

The motherdoes not possess this band, so the child must have inherited it fromits father. Only
men B and D possess this band, somen Aand C are eliminated
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Step 3: Look at the child's third DNA band (labelled 3)

As withband1, the motherpossesses this same band, so the child could have inherited that
DNA fromits mother. Itis therefore of no benefit to look at whether any of the men possess that
band

Step 4: Look at the child's fourth DNA band (labelled 4)

The motherdoes not possess this band, so the child must have inherited it fromits father. Only
men A, Band C possess this band, but Aand C have already been eliminated

Step 5: Conclude that Bis the father
Step 6: Look for supporting evidence fromband 6

The motherdoes not possess this band, and the only man who possesses itis B. This reinforces
the conclusionthat ManBis the child's father

Forensic Investigations

"B

CRIME-@

SCENE
? I T (T T LTI M1

KNOWN .
LENGTHS omtrol Suspects
DNA Vietim

Using DNA profilingin criminal investigations. Suspect 3 has the most fragments incommon
with the crime scene DNA soitis likely that Suspect 3is the culprit.
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Assessing the Ecological Risks of GM Crops YOURNOTES

Analysis of data onrisks to monarch butterflies of Bt crops {

e Thebacterium Bacillus thuringiensis (or Bt for short) produces a natural protein toxin that
has insecticide properties
o Many groups of insects are killed by this toxinincluding, bees, flies, beetles and
butterflies
= This causes considerable collateral damage to the surrounding ecosystem

e Farmers growing corn (maize) have to spray their crop with insecticide to preventinsect
pests such as corn borers
e Cornhasbeen genetically modified to express the Bt toxin genein allits tissues including
its pollen
o Thisimproves yields and greatly reduces the need for crop spraying, so has benefits
tothefarmers

e One species affected by Bt toxin is the monarch butterfly (Danaus plexippus)
o D.plexippus larvae feed on milkweed that grows in the vicinity of corn crops
o Milkweed thatbecomes dustedwith pollen thatis spread by the wind from transgenic
corn can poison the monarch butterfly larvae, leading to a reductionin numbers of
the butterfly

¢ This effect canbeinvestigated by experimentation to examine the effects of growing
transgenic Bt toxin corn
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MILKWEED LEAVES MISTED WITH WATER YOURNOTES

NO POLLEN ADDED

NON-GM GM POLLEN ADDED
POLLEN ADDED (CONTAINED Bt TOXIN)

FIVE MONARCH BUTTERFLY LARVAE WERE PLACED ON EACH LEAF

A v

NON-GM GM POLLEN ADDED
POLLEN ADDED (CONTAINED Bt TOXIN)

NO POLLEN ADDED

AFTER 4 DAYS, MEASUREMENTS WERE MADE:
o THE AREA OF LEAF EATEN BY THE LARVAE
o THE MASS OF THE LARVAE

° THE SURIVAL OF THE LARVAE

Experimental set-up to prove the effect of Bt toxin-containing pollen on monarch butterfly
larvae

The Effect of Various Pollen Types on Monarch Butterfly Larvae Results Table

Dusted with non— Dusteed with
Not dusted with pollen transgenic corn pollen Bt—transgenic corn pollen

Ared of Cumulative Area of Cumulative Ared of Cumulative
leaf eaten areaof leaf leaf eaten areaofleaf leaf eaten area of leaf
/ em? eaten / cm? / cm? eaten/cm® /cm? eaten / cm?

438

72

96
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200
180
160
140
120
100

[ [

EATEN BY LARVAE / cm?

MEAN CUMULATIVE AREA OF LEAF

20 § i/
I

24 43 72 96
TIME /7 HOURS

KEY: —e— =NOT DUSTED WITH POLLEN
=DUSTED WITH NON-TRANSGENIC CORN POLLEN
=DUSTED WITH Bt—TRANSGENIC CORN POLLEN

A graph showing the results from the experiment

Results summary

Theresults showedthat the larvae not dusted with pollen ate more of theleaves

Of thelarvae dusted with pollen, the ones dusted with non-GM pollen ate more of the
leaves

The survivalrate of the larvae dusted with GM pollen was the lowest of all three

The mean mass of larvae at the end of the study was double fornon-dustedlarvae than for
those dusted with GM pollen

These data show a strong link between the use of Bt toxin GM crops and collateral
damage to a neighbouring animal species

Considerations for experimental setup

Control variables would be:

The size/age of the larvae at the beginning of the experiment
Same size/area of leaves usedin each experiment

Same species of larvae/milkweed

Same temperature/illumination/growth medium

o Same availability of water

o

(e}

o]

]

Fiverepeats were completed per experiment for reliability
Errorbars were constructedin the data to demonstrate a low likelihood that a link between
GM crops and monarch butterfly populations could have occurred by chance
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O Exam Tip YOURlNOTES
* Drawing a blank results table before any experimentis a goodidea for a few
reasons:

1.1t helps the scientist to design the correct size and scope of the experiment

2.1t may prompt the scientist to perform an experimental variation that he/she
hadn’t thought of when setting up the initial investigation

3.1tis neaterand more systematic forrecording experimentalresults; hands can
get quite messy when conducting experiments, especially where plants and
soilareinvolved!
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