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Genetic Inheritance & Genetic Crossing /

Your notes

Inheritance: Gametes & Fertilisation

= Gametes are the sex cells of an organism
= Forexample, the sperm and egg (ovum) cells in humans
= The eggislarger than the 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 (fertilised egg cell)
= These sexcells are formed during meiosis and only have one copy of each chromosome and so are
haploid cells
= Forhumans, that means the sperm and egg cells contain 23 single chromosomes in their nucleus
(as opposedto diploid cells which contain 46 chromosomes, or 23 pairs)
= Asthereis only one chromosome from each homologous pair there is only one allele of each gene
present
= Thisallele may be dominant, recessive or co-dominant

Sperm cell diagram
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Egg cell diagram
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The structure of human gametes - the sperm and egg

Fusion of gametes resultsin diploid zygotes with two alleles of each gene that may be the same allele
or different alleles
Sexual reproductionis a process involving the fusion of the nuclei of two gametes (sex cells) to form
azygote (fertilised egg cell) and the production of offspring that are genetically different from each
other
Fertilisation is defined as the fusion of gamete nuclei, and as each gamete comes from a different
parent, there is variation in the offspring
When a male and female gamete fuse their chromosomes are combined
This means the resulting zygote is diploid
= Thezygote contains two chromosomes of each type
It will therefore have two alleles of each gene
= |fthe two alleles for a particular gene are the same then the genotype is described as homozygous
= [fthe two alleles for a particular gene are different then the genotype is described as
heterozygous

Page 3of 64

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers



https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

Genetic Crosses in Flowering Plants /

= Gregor Mendel was an Austrian monk Your notes
= |nthe mid-19th century, Mendel carried out breeding experiments on large numbers of pea plants
whilstlooking after the monastery gardens
= He studied how characteristics were passed on between generations of plants
= Due to his extensive work on the understanding of inheritance, he is sometimes called the Father of
Genetics
= Mendel carefully transferred pollen from one pea plant to the reproductive parts of another
= Pollen contains the male gamete andis located on the anther of the flower
= Thefemale gametes arelocatedin the ovary
= Theplantsreproduce sexually and require pollination for fertilisation
= This technique eliminated any uncertainty from his data since he knew which pollen had fertilised
each of the plants
= 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

Mendel's breeding experiments of pea plants diagram
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FIRST CROSS

A TALL PEA PLANT AND A DWARF PEA PLANT ARE CROSSED

OFFSPRING:

TALL
PEA PLANT

£4£4
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SECOND CROSS

TWO PEA PLANTS FROM THE 1st SET OF OFFSPRING ARE CROSSED

PARENTS:

OFFSPRING:

Parental
characteristics

TALL
PEA PLANT

2|4

TALL
PEA PLANT

THREE TALL PEA PLANTS AND ONE DWARF PEA PLANT

£4£4

y Exams. All Rights Reserved

Mendel's pea plant crosses

Mendel's Pea Plant Results Table

Characteristics of
first generation
plants

Chraracteristics of
second generdtion
plants

Ratio of
characteristics in
second generdtion

Tall plant x dwarf 100% tall plants 868 tall plants and 31 :1
plant 277 dwarf plants

Round seed coat x | 100% Round seed coat | 5474 round seed coat 3:1
wrinkled seed and 1850 wrinkled seed

coat codt

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

white flowers

224 white flowers
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= Mendel found that characteristics were inherited in a predictable pattern ,
= Allpeaplantsinthe first generation had the same characteristic as one of the parental plants
= The offspring plantsin the second generation had characteristics of both parent plantsin a 3:1ratio Your notes

= Without knowing it, Mendel had discovered genes, he referred to them as 'units of inheritance'
= Healsodiscovered that some genes are dominant and some genes are recessive
= Different forms of the same gene are called alleles

= Amonohybrid traitis one thatis controlled by only one gene
= Generally, we consider that such a gene has two alleles
= Either: one allele is dominant and the otherisrecessive
= Or:the alleles are co-dominant
= Amonohybrid cross starts with pure-breeding parents (homozygous), each displaying a different
phenotype
= This generationis known as the parental generation, denoted as the P generation
= The purpose of aPunnett grid is to predict the probability of a certain offspring displaying a certain
genotype or phenotype
= |nthe case where multiple offspring are produced, Punnett grids can predict the numbers of
offspring that will display a certain genotype or phenotype afteracross
Stepsin constructing a Punnett Grid

1. Write down the parental phenotypes and genotypes
2. Write down all the possible gamete genotypes that each parent could produce for sexual
reproduction
= Auseful conventionis 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.Inthe boxes of the Punnett grid, combine the gametes into the possible genotypes of the offspring

= This gives the offspring of the Fy generation (Ist filial generation)
5. List the phenotype and genotype ratios for the offspring

@ Worked example

Sweet peas grow pods that are either green or yellow. The allele for green, G, is dominant to the allele
foryellow, g. Construct a Punnett grid to predict the outcome when crossing green and yellow pure-
bred plants to show the Fy generation offspring. Using plants from the Fy generation, construct a
second Punnett grid to show the outcomes of the F, generation.
Step 1: Write down the parental phenotype and genotypes
Green coloured pods Yellow coloured pods

GG gg

Step 2: Write down all the possible gamete genotypes that each parent could produce
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Step 3: Place each parental genotype against one axis of a Punnett grid (2 x 2 table)

Green parent gametes

Yellow @

parent

gametes @

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

Green parent gametes

Yellow
parent
gametes

Genotypes of the F1cross between homozygous green (GG) and homozygous yellow (gg) pea plants.

All offspring (100 %) have the genotype Gg and the phenotype is green.

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

Heterozygous
parent gametes

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

Heterozygous
parent gametes

Heterozygous
parent gametes

Punnett grid showing the results of the F2 generation
Phenotype ratio is 3:1green:yellow, Genotyperatiois 1GG: 2 Gg: 1gg

Plants can sexually reproduce in different ways:

= Some plants have the male and female reproductive parts within the same flower

= Others have male flowers and female flowers on the same plant

= Others have different male and female plants
Plants with male and female reproductive parts on the same plant can be capable of self-pollination
and self-fertilisation
Farmers and ornamental plant growers can control the way their plants reproduce by artificially
pollinating them
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= |f agrowerthinks a traitis useful or profitable they may choose to self-pollinate the favoured ,
plants to keep the desirable traits in the next generation
= Growers can also cross-pollinate by artificial pollination between different plants with favoured Your notes

traits, with the goal to create new generation of plants will possess the desirable traits from both
parent plants
= Genetic crosses canbe used to predict and plan forthese outcomes
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Inheritance: Terminology /

Your notes

Genotype

= Ageneisashortlength of DNAfound onachromosome that codes for a particular characteristic (by
coding for the production of a specific protein)
= Alleles are variations of the same gene
= Aswe have two copies of each chromosome, we have two copies of each gene and therefore
every individual will have two alleles of each gene
= Oneof the allelesisinherited from the mother and the other from the father
= The alleles may be the same as each other, or they might be different. e.g. anindividual has two
copies of the gene foreye colour but one allele could code for brown eyes and one allele could
code forblue eyes
= The combination of alleles that anindividual organisminheritsis its genotype
= Whenthe two alleles at alocus are the same/identical, anindividualis said to have a
homozygous genotype
= Whenthe two alleles at alocus are different the genotype is said to be heterozygous

Chromosome diagram

e 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’ >~
ARE HETEROZYGOUS: Hh

HOMOLOGOUS CHROMOSOMES
EXIST IN PAIRS

Chromosomes showing genes, loci and alleles
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O Examiner Tip

Make sure to not use the words allele and gene interchangeably. They both have different definitions
and needto be used correctly in your exams in order to gain marks.

Phenotype

= The observable characteristics of an organism (seenjust by looking - like eye colour, or found - like
bloodtype)is called the phenotype
= The phenotype of all characteristics is determined by the following factors:
= The genotype only - the combination of the two alleles for the gene for the characteristic, for
example blood group is determined this way
= The environment only - surroundings such as chemical orradiation exposure, diet or exercise can
affect physical characteristics, forexample scars and accent are determined this way
= Interaction between both the genotype and the environment, for example height and skin colour
are determined this way

Page 12 of 64

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers

4

Your notes


https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

Dominant & Recessive Alleles

= Alleles can be dominant orrecessive
= Adominantallele only needs to be inherited from one parentin order for the characteristic to be
expressedin the phenotype
= Arecessive allele needs to be inherited from both parents in order for the characteristic to be
expressedin the phenotype.
= |fthereisonly onerecessive allele, it will remain hidden and the dominant characteristic will show
= |fthe two 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), or
homozygous recessive (having two copies of the recessive allele)
= |fthe two alleles of a gene are different, we describe the individual as being heterozygous (hetero =
different)

Different forms of allele pairs diagram

HOMOZYGOUS HOMOZYGOUS HETEROZYGOUS
(DOMINANT) (RECESSIVE)

IN DIPLOID ORGANISMS,
CHROMOSOMES COME IN PAIRS

[ ] =DOMINANT  ALLELE
[[] =RECESSIVE ALLELE

#Fsavemyexams

Alleles are different forms of the same gene. You can only inherit two alleles for each gene, and they can
be the same (homozygous) or different (heterozygous). Alleles can be dominant or recessive.
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Incomplete & Codominance

= Co-dominant alleles have a combined effect on the phenotype
= Thealleles are both expressed to an equal extent in the phenotype
= Anexample of codominanceisin speckled chickens
= Chickens canhave different alleles for gene that determines the colour of their feathers
= We can denote the gene for colour using the capital letter C
The two alleles for this gene are white for white feather colour, and black for black feather colour
= We denote the two alleles using superscript letters, CW and CB
= Achickenwith the genotype CWCWhas white feathers as their phenotype
= Achickenwith the genotype CBCBhas black feathers as their phenotype
= Achicken with the genotype CWCBhas a combination of both feather colours, they are called
speckled colour chickens
= Because bothalleles are expressed in the phenotype thisis called codominance

Example of codominance in chickens diagram

PHENOT YPE WHITE BLACK SPECKLES

GENOTYPE (S o [ o Sallos

Diagram showing the phenotypes and genotypes of white, black and speckled chickens, which is an
example of codominance

= Incomplete dominance is similar to codominance because two alleles are expressed together
instead of just one dominant allele being expressed
= However, instead of both alleles being expressed, both alleles are partially expressed leading to a
phenotype whichis a blend of both phenotypes or anintermediate phenotype between the two
= Anexampleisincomplete dominance canbe foundin the four o'clock flower or marvel of Peru (Mirabilis
jalapa)
= Marvel of Peru can have different alleles for gene that determines the colour of their flowers
= We can denote the gene for colour using the capital letter C
= Thetwo alleles for this gene are white for white flower colour, and red for red flower colour
= We denote the two alleles using superscript letters, CW and CR
» Aplant with the genotype CWCW has white flowers as their phenotype
» Aplant with the genotype CRCRhas red flowers as their phenotype
= Aplant with the genotype CWCRhas a blend of both colours, which is expressed in the phenotype
as a pink flower colour

Page 14 of 64

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers

s

Your notes


https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

= Because the flowers are neither white orred, but an intermediate between this two, thisis ,

incomplete dominance
Your notes
Example of incomplete dominance in marvel of Peru diagram

PHENOT YPE WHITE RED PINK

GENOTYPE (ol B2 Ear a2

Diagram showing the phenotypes and genotypes of white, red and pink flowers of the marvel of Peru,
which is an example of incomplete dominance

O Examiner Tip

When referring to different species examples in an exam you can use either the common name or the
scientific name to gain marks. For example you could say 'four o'clock flower' or 'marvel of Peru' or
'‘Mirabilis jalapa' to be awarded the mark.
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Inheriting Alleles

Phenotypic Plasticity

Phenotypic plasticity is the idea that although genotype remains fixed throughout an organism's
lifetime, the way that the phenotype is expressed can vary during this time
An organism’s internal or external environment can influence gene expression patterns, and therefore
phenotype
The levels of regulatory proteins or transcription factors can be affected in response to environmental
stimuli such as light, and chemicals including drugs and hormones
Forexample, enzymes are activated inresponse to ultraviolet radiation and increase the expression
and production of melanin, leading to skin pigmentation
Temperature can also influence gene expression as demonstrated by organisms
= The Himalayanrabbit (Oryctolagus cuniculus L.) possesses a gene for the development of
pigmentationinits fur
= The geneisinactive above 35°C but active between15°C and 25°C
= |Inthe parts of the body that are cooler such as ears, feet and nose the gene becomes active
making these areas black
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Inheriting Recessive Alleles: Phenylketonuria /

= Phenylketonuria (PKU)is aninherited condition caused by arecessive allele on an autosome Your notes
= |tisaconditionthat canlead to symptoms such as mental disorders and seizures
= |tis caused by a build-up of the amino acid phenylalanine in the body

= Phenylalanine comes from broken down protein from diet and our cells

= The enzyme phenylalanine hydroxylase breaks down phenylalanine

= Thisenzymeis coded for by the PAH gene

= PKUis caused by a mutation to the PAH gene that results in a non-functional enzyme so that the

phenylalanine does not get broken down

= |nthe UKaround1in10,000 people are born with PKU

= |Inorderfora child to have PKU, they must firstinherit two recessive alleles from each of their parents

= Becauseitis caused by arecessive allele it means that two non-PKU sufferers could have a child with
PKU if both parents are heterozygous carriers of the mutated PAH gene

= Anexample genetic crossis shown below:

A genetic cross between two PKU carrier parents diagram
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Father Mother

Parental

Non—PKU
Phenotypes or

Non—PKU

Parental Pp Pp

Genotypes

Gametes ®® ®®

Non—PKU Mother

® ®
™ PP Pp
® Pp PP

Non—=PKU

Father

Diagram showing the parental phenotypes, genotypes, gametes and a Punnett square predicting the
possible genotypes of their offspring. Both parents are PKU carriers and their offspring have a 25%
chance of inheriting the disorder.

= The genetic cross shown on the Punnett square above demonstrates that the offspring of the PKU
carrier parents have a 75% chance of not having PKU and a 25% chance of inheriting 2 PKU alleles and
therefore having the condition

= This pattern of inheritance is the same with any autosomal recessive condition, for example cystic
fibrosis

= Everybabyborninthe UK andin many other countries around the world are tested for several genetic
conditionsincluding PKU

= The babieshave a small prick of blood taken from the sole of their foot a few days after being born
inorderto be screened for the condition
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O Examiner Tip /

Your notes
It should be the case thatin most exams letters willbe chosen for genetic crosses that have very

differentupperandlowercase appearances. If you are ever asked to use a letterin an exam thathas a
similarupper and lowercase appearance, such as P and p, make sure to overly exaggerate the
difference to ensure there is no ambiguity during marking.

Single Nucleotide Polymorphisms & Multiple Alleles

= Many genes have more than two alleles

= However, a diploid individual will still only inherit two of the possible alleles

= Alleles differ from each other by one or only a few bases

= Evenavery small change in base sequence can bring about a large effect in 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
same locus on the chromosome

= Since the Human Genome Project, sophisticated techniques can analyse different alleles

= The exact positions where bases differ between alleles are called SNPs or snips (Single Nucleotide
Polymorphisms)

= Anallele can have several SNPs but still only differ by a few bases from its other allele

Page 19 of 64

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers



https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

Multiple Alleles: ABO Blood Groups

= |nheritance of blood group is an example of co-dominance with multiple alleles
= Thisis of criticalimportance when deciding to give blood transfusions following injury orillness
= Use of the wrong blood group can cause animmune response that coagulates (solidifies) blood,
leading to clots and serious illness/death
= There are three alleles of the gene controlling a person's blood group instead of the usual two
= |representsthe gene
= Superscripts A and B represent the codominant alleles, |A for example
= |Lowercaseiwith no superscriptrepresents the recessive allele
= |Aresultsinthe production of antigen A on the surface of red blood cells
= [Bresultsinthe production of antigen B on the surface of red blood cells
= jresultsinno antigens being produced on the surface of red blood cells
= Thesethree possible alleles can give us the following genotypes and phenotypes

Blood Genotype & Phenotype Table

Genotype Phenotype

1218 or 1% B
A8 AB
i 0

= We canuse genetic diagrams to predict the outcome of crosses thatinvolve the codominant alleles
controlling blood groups

@ Worked example

Show how a parent with blood group A and a parent with blood group B can produce offspring with
blood group O.

Punnett square of the inheritance of blood group
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1/4 CHANCE OF
A CHILD WITH
BLOOD GROUP 0O

Punnett square showing the inheritance of blood group with two heterozygous parents, type A and
type B
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Sex Determination /
Your notes
Sex Determinationin Humans

= Sexis determined by an entire chromosome pair (as opposed to most other characteristics that are
just determined by one or a number of genes)
= Females have the sex chromosomes (pair 23 in humans) XX
= Males have the sexchromosomes (pair 23 in humans) XY
= Note that the rule XX for females and XY for males applies to mammals, but not to all species
= Allother chromosomes (pairs 1-22 in humans) are autosomes and have no influence on determining
the sex of offspring

= Because only afathercanpassonaY chromosome, he is responsible for determining the sex of the
child

= Due to meiosis, half of his sperm cells will carry his X chromosome, half his Y chromosome

= The chromosome carried by the sperm that fertilises the egg will determine the sex of the child
= His daughtersreceive a copy of his Xchromosome

= Hissonsreceive acopy of hisY chromosome

Sex determination in humans diagram
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MALE KARYOTYPE FEMALE KARYOTYPE

X%sz T X%Km s
m 9 W CHROMOSOMES m 9 W

[X CHROMOSOME Y CHROMOSOMEI [X CHROMOSOMES

MATERNAL
CHROMOSOMES
IN RED

FEMALE SEX
CHROMOSCOMES

HALF OF ALL
SPERM  WILL

CARRY AN X
CHROMOSOME

ALL EGG CELLS
WILL CARRY AN
X CHROMOSOME

HALF OF ALL
., SPERM  WILL
CARRY A Y SEX
CHROMOSOME

V

IF A CHILD INHERITS
A Y CHROMOSOME, IT
WILL BE A MALE

#)save myexams
Sperm cells determine the sex of offspring

= Theinheritance of sex can be shown using a genetic diagram (known as a Punnett square), with the X
andY chromosomes taking the place of the alleles usually written in the boxes
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Sex determination Punnett square

MOTHER (XX)

GAMETES o X X USUALLY WE ONLY REPRESENT
- ALLELES IN A PUNNETT SQUARE.
INHERITANCE OF SEX  DEPENDS
X XX XX UPON WHICH SEX CHROMOSOMES A
_ PERSON HAS, SO THIS IS THE
FATHER (XY) Y XY XY ONLY TIME WE USE CHROMOSOMES,
! |92 LRATHER THAN ALLELES.
OFFSPRING RATIO: 1:1
-50% CHANCE OF A BOY (XY)
-50% CHANCE OF A GIRL (XX)
“EACH TIME FERTILISATION OCCURS
#save myexams

Punnett square showing the inheritance of sex due to the combination of the Xand Y chromosomes

from each of the gametes

Genes carried by Xand Y chromosomes

The X chromosomeis larger than the Y, and has its centromere more central thanonthe Y
chromosome

= Fewergenesare coded foronthe Y chromosome as aresult

= The X carries around 16 x more genes thanthe Y chromosome
= Non-sex phenotypic traits, including certain blood clotting factors, are coded for on the X
chromosome butnotontheY

The Y chromosome carries genes that code for male characteristics
One of these genes is the SRY gene whichisinvolvedin

= Development of testesin male embryos

= Production of testosterone
Females don't receive these genes, so instead, ovaries develop and female sex hormones are
expressed
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Sex Linked Disorders: Haemophilia

Some genetic diseasesinhumans are sex-linked
Inheritance of these diseases is differentin males and females
= Sex-linked genes are only present on one sex chromosome and not the other
= This means the sex of anindividual affects what alleles they pass on to their offspring through their
gametes
If the geneis on the X chromosome, males (XY) will only have one copy of the gene, whereas females
(XX) will have two
There are three phenotypes for females:
= normal
= carrier
= hasthedisease,
Males have only two phenotypes
= norma
= hasthedisease

= Haemophiliais a well known sex-linked disease
= Thereis agene found on the X chromosome that codes for a protein called factor VIIl. Factor Vlilis
needed to make blood clot
= There are two alleles for factor VIl
= The dominantF allele which codes for normal factor Vil
= Therecessive fallele whichresultsin alack of factor VIIl, meaning a person has haemophilia
= Whenapersonpossesses only the recessive allele f, they don’t produce factor Vlll and their blood
can't clot normally
= |f maleshave anabnormalallele, f, they will have the condition as they have only one copy of the gene
= Females can be heterozygous for the faulty gene and not suffer from the condition but act as a carrier
= This means that haemophiliais a potentially fatal genetic disease which affects males more than
females

O Examiner Tip

The expected notation when writing about sex linked alleles is to use upper case 'X"and "Y' for the
chromosome, next to superscript letters to represent the allele. Forexample

= XXfHomozygous female who has haemophilia or XFXf Heterozygous female who is a carrier
= XfYMale who has haemophilia
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@ Worked example

The genetic diagram below shows how two parents with normal factor VIl can have offspring with
haemophilia

Parental phenotypes: carrier female x normal male
Parental genotypes: XFXf XFY

Parental gametes: XForXf XForY

Monohybrid Punnett Square with Sex-linkage Table

Male gametes

XF

X"X"/ female XFY/ male with

with normal blood normal blood

clotting clotting
Femadle gametes

XFX'/ carrier X*Y /male with

female haemophilia

Predicted ratio of phenotypes in offspring

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

Predicted ratio of genotypes in offspring: 1XPX : 1XFXf: 1XFy : 1Xfy
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O Examiner Tip /

. . . . , , Your notes
Make sure to include all of your working out when constructing genetic diagrams. Itis not enough just

to complete a Punnett grid, you need to show that you have thought about the possible gametes that
canbe 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 for all children oris it asking about a
specific sex (males or females).
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Pedigree Charts

Pedigree Charts

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

Pedigree chart diagram

O O

B éméd Omd

[] = AFFECTED MALE |_] = UNAFFECTED MALE
QO = AFFECTED FEMALE () = UNAFFECTED FEMALE
#savemyexams
A family pedigree chart

= Males areindicated by the square shape and females are represented by circles
= |nthis diagram, affected individuals are red and unaffected are blue
= Shading or cross-hatching may also be used to show affected individuals
= Horizontallines between males and females show that they have produced children (which are linked
underneath each couple)
= Roman numerals may be used to indicate generations
= Foreach generation the eldest childis on the left and eachindividual is numbered
= The family pedigree above shows:
= Bothmales andfemales are affected
= Every generation has affectedindividuals
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= Theeldestson(inthe second generation)is affected
= Thatthereis one family group that has no affected parents or children
= The othertwo families have one affected parent and affected children as well
= The study of pedigree charts provides an opportunity to appreciate why marriage between close
relativesis prohibited in many countries
= Reproducing with close relatives increases the chance that both individuals possess harmful
recessive alleles that can be passed onto the offspring
= This causes the offspring to have a much higher chance of inheriting genetic diseases

Q Worked example

Worked example: Pedigree charts

= Belowis apedigree chart which traces the inheritance of albinism across several generations.
Albinism affects the production of the pigment melanin leading to lighter hair, skin and eyes.

[1] . KEY:

1 2 @ = NORMAL FEMALE
(O =ALBINO FEMALE

L] * é ‘ é - Bl = NORMAL MALE

5 7 [ ]= ALBINC MALE
8 9 10 1

= Using the 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
= Explanation: We can tell this from the pedigree chart because expression of the disease skips
generation|Il. Also, person number 9 is an affected individual despite his parents (6 and 7) being
unaffected. 6 and 7 must both be carriers of the recessive allele and 9 has inherited one recessive
allele from each parent.
= |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)
= Explanation: 9is an affected individual with albinism (which is determined by the recessive allele). 7
must be heterozygousin order for him to pass on the recessive allele to person 9
3.The possible genotypes of 10 and 11 are heterozygous (Aa) orhomozygous dominant (AA)
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= Explanation: Thisis because they are unaffected individuals so must possess at least one ,
dominant allele (A), however, itis possible that they each inherited a dominant allele from each
parent Your notes

© ExaminerTip

When answering questions about pedigree charts for genetic diseases, itis always useful to
rememberwhich phenotype is caused by the recessive allele. You can write these genotypes onto

your chart and it will give you a good starting point for working out the possible genotypes of the rest
of theindividualsin the chart.

NOS: Scientists draw general conclusions by inductive reasoning

= Inductive reasoningis the idea of making generalised conclusions based on specific evidence taken
fromasmallsample
= Forexample, we could observe a sample of evidence from a pedigree chart and if that observation
deviated from what we would expect we could surmise that the condition could be sex-linked
= Deductive reasoningis making specific deductions about something unknown based on known
evidence
= Forexample, if two non-affected parents have a child thatis affected by a genetic conditionwe

candeduce that the conditionis caused by arecessive allele, and that the parents are both carriers
of the allele
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Continuous Variation: Skills ﬁ’P

Your notes
Continuous Variation

Variation can be discrete or continuous

= Discrete variationis variation that falls into two or more clear-cut categories with no overlap orin-
between categories

= Blood groupis anexample of discrete variation

= Allhumanbloodis either group O, A, B or AB, each with a Rhesus factor (+ or -)
= This givesjust 8 distinct blood groups:

Pie chart showing global blood group distribution

ABRh - 6.0Z

B:Rh —1.0%

ARh - 2.4%
ORh-31%
ABRh + 4,92

BRh +14.92

ARh+ 30.9%

Worldwide A, B, O blood group distribution by percentage, 2019
(data varies regionally with ethnicity)
Continuous Variation

= Continuous variation occurs when two or more genes affect the final characteristic
= Forexample, heightin humans is determined by many genetic factors:

= Bonelength

= Skeletal muscle structure

= Ability to absorb food substances effectively
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= Hormone production ,
= _Aswellasenvironmental factors like diet, exercise, prenatal nutrition, lifestyle etc
Most characteristics are determined by more than one gene - a polygenic characteristic Your notes

Even grouped data like shoe size appears to be discrete but in fact, peoples' feet vary continuously in
size
= Shoesizeis merely a practicality for shoe manufacturers, who cannot make exactly the right-sized
shoes foreverybody
Continuous variation in birth mass results in the population displaying a normal distribution (bell-
shaped curve)
= Environmental factors can also affect birth mass, e.g. mother's diet, presence of a twin, smoking
etc
Continuous variation occurs when there are quantitative differences in the phenotypes of individuals
within a population for particular characteristics
Quantitative differences do not fallinto discrete categories like in discontinuous variation
= Forexample, the mass or height of ahumanis an example of continuous variation
= |nstead forthese features, arange of values exist between two extremes within which the
phenotype will fall
The lack of categories and the presence of arange of values can be used to identify continuous
variation whenitis presentedin a table or graph

Normal distribution curve
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\ 4

Your notes

NUMBER OF PEOPLE
IN CATEGORY

\
/[

\
/

TO 129
130-134
135-139
140-144
145-149
150-154
g 155-159
160-164
165-169
170-174
OVER 175

=

HEIGHT

FEATURES OF CONTINUOUS VARIATION:

e NO DISTINCT CLASSES OR CATEGORIES EXIST

o CHARACTERISTICS CAN BE MEASURED AND FALL WITHIN
A RANGE BETWEEN TWO EXTREMES

Graph showing population variation in height: an example of continuous variation with quantitative
differences

Genetic basis of continuous variation

= Thistype of variationis caused by an interaction between genetics and the environment
= Phenotype = genotype + environment
= Atthe geneticlevel:
= Differentalleles at a single locus have a small effect on the phenotype
= Differentgenes can have the same effect on the phenotype and these add together to have an
additive effect
= |falarge number of genes have a combined effect on the phenotype they are known as polygenes
= Anexample of a continuous polygenic trait is skin colour
= Skin colouris determined by several genes that cause the production of a protein called melanin
= The more melaninis produced, the darker the skin pigmentation bbecomes
= Skincolouris alsoinfluenced by environmental factors such as UV exposure, which can cause the skin
colourto become darker
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Comparison of Continuous and Discontinuous Variation Table

Feature

Continuous variation

Discontinuous variation

Definition Features can be measured Features form distinct classes
across a complete range (from | or categories. Datacollected
one extreme to another). are qualitative data
Datacollected are (i.e. discrete or categorical
quantitative data data)

Gene locus Many loci (that may be on Usually only one but may be
different chromosomes) d very smdll number

Number of Many pairs of alleles as many Usually only one pair of alleles

alleles genes contribute to the (monogenic) but may be a very
inheritance (polygenic) small number

Effect on Many intermediate phenotypes | Feature either present or

phenotype between the extremes (e.g. absent (the differences are

between shortest and tallest)

discrete categories)

Environmental
influence

Environment has a significant
influence

Environment has little to
no influence

Examples

Height in humans, milk yield
incattle

Ability to roll tongue, human
blood groups
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Box & Whisker Plots /

What are box plots and when should they be used? Your notes

= Boxplots are also known as box-and-whisker diagrams

= Theyare used whenwe areinterested in splitting data up into quartiles

= Using quartiles and drawing a box plot allows us to see what is happening at the low, middle and high
points and consider any possible extreme values

How to draw a box plot

= Youneed to know five values to draw a box plot
= |owestdatavalue
= First quartile
= Median
= Third quartile
= Highestdatavalue
= Usually ongraph paper, box plots are drawn accurately with the five points marked by short vertical
lines
= The middle three values then form a box with the median line inside
= The medianwill not necessarily be in the middle of the box
= The boxrepresents the interquartile range (middle 50% of the data)
= Thelowest data value and highest data value are joined to the box by horizontal lines
= These are often called whiskers
= Theyrepresent the lowest 25% of the data and the highest 25% of the data
= Youmay be given aboxplot
= Fromwhichyou canread off the five values
= Calculate otherstatistics like the range and interquartile range (IQR)
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@ Worked example /

Your notes
The table gives some information about the heights of 80 girls:

Least height 133
Greatest height 170
First quartile 145
Third quartile 157
Median 151
Outlier 122

Aboxplot of this datais as follows:

Box and whisker plot showing height data from a population of girls

[EJ INTERQUATILE RANGE

v@ OUTLIER Ay
LV

\/ |
¥
D A \ (GREATEST
LEAST HEIGHT 3 | ;%3 T T
1st QUATILE (E r
_QUAT + \CMEDIAN e 7.
120 130 140 150 160 170 180
HEIGHT (cm)

The width of the box shows the interquartile range and the overall range is shown by the length of
the whiskers

Outliers
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Outliers are data points that exist at the extremes above and below the rest of the data ,
In order fora data point to be categorised as an outlierit needs to be more than 1.5 x the interquartile

range above the third quartile or below the first quartile
As shown in the worked example above, the outliers are plotted separately to the whiskers of the plot

Your notes
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Dihybrid Crosses & Unlinked Genes (HL) /

Your notes

Segregation & Independent Assortment

Unlinked genes segregate independently as a result of meiosis

= Unlinked genes are genes that an organism carries on separate chromosomes
= Notonhomologous copies of the same chromosome
= Anexample of a pair of unlinked genes in fruit flies (Drosophila melanogaster) is
= The gene for curly wings on chromosome 2, and
= The gene formahogany eyes on chromosome 3
= Anexample of a pair of unlinked genes in humansis
= The gene for trypsin (a stomach enzyme) on chromosome 7, and
= The gene for human growth hormone on chromosome 17
= Assortment of chromosomes refers to their alignment in metaphase | of meiosis
= Eachbivalent assorts (aligns) itself independently of all the others
= Segregation of chromosomes (i.e. how they get separated) is governed by their pattern of assortment
= Segregationjust refers to which pole of the cell the whole chromosomes are pulled toin
anaphase |
= Segregation determines which combinations of alleles end up in which gamete cells by the end of
meiosis I
= We call this Mendel's Law of Independent Assortment which states that
= alleles of different genes are inherited independently of one another; in other words inheriting a
particular allele for one gene doesn't affect the ability to inherit any other allele for another gene
= By contrast, linked genes (on the same chromosome) tend to be inherited together
Linked and unlinked genes diagram

Page 38 of 64

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers



https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

s

Your notes

SKA2 GENE
(A SPINDLE PROTEIN
IN CELL DIVISION)

HUMAN GROWTH
HORMONE

CFTR PROTEIN
(FAULTY ALLELE
CAUSES CYSTIC
FIBROSIS)

CHROMOSOME 7

1.6 x 10° BASEPAIRS
1378 GENES

CHROMOSOME 17

8 x 10’ BASEPAIRS
1394 GENES

The loci of selected genes in the human genome
Trypsin and CFTR are linked genes (both on the same chromosome);

Human Growth Hormone and trypsin are unlinked genes (both on different chromosomes)
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Dihybrid Crosses /

. . Your notes
= Monohybrid crosses look at how the alleles of one gene transfer across generations

= Dihybrid crosseslook at how the alleles of two genes transfer across generations
= j.e. dihybrid crosses canbe usedto show the inheritance of two completely different
characteristics in anindividual, for example unlinked genes
= The genetic diagrams for both types of cross are very similar
= Fordihybrid crosses, there are several more genotypes and phenotypesinvolved
= Whenwriting out the different genotypes, write the two alleles for one gene, followed immediately by
the two alleles for the other gene
= Do not mixup the alleles from the different genes
= Forexample, if there was a gene with alleles Y andy and another gene with alleles Gand g an
example genotype foranindividual would be YyGg
= Alleles are usually shown side by side in dihybrid crosses e.g. TtBb
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@ Worked example
Worked example 1: Dihybrid genetic diagram

= Horses have asingle gene for coat colour that has two alleles:
= B, adominant allele produces ablack coat
= b, arecessive allele produces a chestnut coat
= Horses also have a single gene for eye colour
= E, adominantallele produces brown eyes
= e, arecessive allele produces blue eyes
= Each of these genes(consisting of a pair of alleles) are inherited independently of one another
because the two genes are located on different non-homologous chromosomes
= Such characteristics are said to be unlinked
= |nthisexample, ahorse thatis heterozygous for both genes has been crossed with a horse thatis
homozygous for one gene and heterozygous for the other

Parental phenotypes: black coat, brown eyes x  chestnut coat, brown eyes
Parental genotypes: BbEe X bbEe
Parental gametes: BEorBeorbEorbe X bE orbe

PARENTAL GENOTYPES

®

OVERALL
GAMETES

Determining the Alleles Carried by Gametes Based on the Parental Genotypes Using the FOIL (First,
Outside, Inside, Last) Method

N I N
FIRST Bb Ee : bb Ee
|
|
SN | N
OUTSIDE Bb Ee : bb Ee
|
N I N
INSIDE Bb Ee : bb Ee
|
N ! N
LAST BbEe |, bbEe
|
|
|
|
|
|
|
|
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Dihybrid Cross Punnett Square Table /

Your notes

Gametes from Parent Two

BbEE / black coat, | BbEe / black coat,
brown eyes brown eyes

BbEe / black coat, | Bbee / black coat,

brown eyes blue eyes
Gametes from Y Y
Parent One bbEE / chestnut bbEe / chestnut
coat, brown eyes coat, brown eyes
bbEe / chestnut bbee / chestnut
coat, brown eyes coat, blue eyes

Copyright © Save My Exams. All Rights Reserved

= Predictedratio of phenotypesin offspring
= 3blackcoat, browneyes:
= 3chestnutcoat, browneyes:
= 1blackcoat, blueeyes:
= Jchestnut coat, blue eyes
= Predictedratio of genotypesin offspring = 3 BbEE : 3 bbEE : 1Bbee : 1bbee
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Worked example 2: Dihybrid genetic diagram

In a separate cross to that shownin Worked Example 1, a horse that is heterozygous forboth genes has
been crossed with anotherhorse that is heterozygous forboth genes.

Parental phenotypes:
Parental genotypes:

Parental gametes:

black coat,browneyes  x

BbEe

BEorBe orbEorbe X

X

black coat, brown eyes

BbEe

BE orBe orbEorbe

Dihybrid Cross Punnett Square Table 2

BBEE / black
codat, brown eyes

Gametes from Parent Two

Be

BBEe / black
coat, brown eyes

bE

BbEE / black

coat, brown eyes

BbEe / black

coat, brown eyes

Gametes from

BBEe / black
coat, brown eyes

BBee / black
coat, blue eyes

BbEe / black
coat, brown eyes

Bbee / black
coat, blue eyes

Parent One

BbEE / black
coat, brown eyes

BbEe / black
coat, brown eyes

bbEE / chestnut
coat, brown eyes

bbEe / chestnut
coat, brown eyes

BbEe / black
coat, brown eyes

Bbee / black
coat, blue eyes

bbEe / chestnut
coat, brown eyes

bbee / chestnut
coat, blue eyes

Copyright

= Predictedratio of phenotypesin offspring
= 9black coat, browneyes:
= 3chestnutcoat, browneyes:

= 3blackcoat, blue eyes

= Tchestnut coat, blue eyes
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@ Worked example

Worked example 3: Dihybrid genetic diagram

In the final worked example, a horse that is heterozygous for both genes has been crossed with
another horse thatis homozygous recessive for both genes.

Parental phenotypes: black coat,browneyes x chestnutcoat, blue eyes
Parental genotypes: BbEe X bbee
Parental gametes: BEorBeorbEorbe X be

Dihybrid Cross Punnett Square Table 3

Gametes from
Parent Two

BbEe / black coat,
brown eyes

Bbee / black coat,

blue eyes
Gametes from

Pdarent One

bbEe / chestut
codt, brown eyes

bbee / chestut
coat, blue eyes

= Predictedratio of phenotypesin offspring =
= Tlblack coat, browneyes:
= Tchestnut coat, browneyes:
= 1blackcoat, blueeyes:
= 1chestnut coat, blue eyes
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O Examiner Tip /

Your notes
Forthe double-heterozygous cross for unlinked genes above, you're expected to remember the

phenotypic ratio 9:3:3:1, and for one heterozygous parent and one homozygous recessive parent,
you're expected to remember the phenotypic ratio T:1:1:1.

You won't need to remember the ratio of the genotypes but this can be worked out from a Punnett
square like the one above.

NOS: 9:3:3:1and 1:1:1:1ratios for dihybrid crosses are based on what has been
called Mendel's second law

= Mendel's second law, also known as the law of independent assortment, states that a pair of traits
segregates independently of another pair during meiosis when the sperm and egg cells are created
during meiosis
= Asthedifferent genes undergoindependent assortment, different traits get the same
opportunity to be expressed together
= When Mendelwas carrying out his experiments and coming up with his laws it was at a time when DNA
and the chemical basis of inheritance was unknown
= Since thenit has beendiscoveredthat the law is not universally true, but requires certain conditionsin
ordertooccur
= Forexample, linked genes on the same chromosome do not follow the same observedratios of
phenotypes than would be expected if Mendel's second law was always correct
= Make sure that youremember that there are exceptions to all biological “laws” under certain
conditions

Page 45 of 64

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers


https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

Statistical Analysis of Dihybrid Crosses (HL)

Chi-squared Test & Dihybrid Crosses

Use of a chi-squared test on data from dihybrid crosses

= Thedifference between expected and observed results in experiments can be statistically significant

orinsignificant (happened by chance)

= |f the difference betweenresultsis statistically significant it can suggest that something elseis
happeninginthe experiment thatisn’'t being accounted for

= Forexample, linkage between genes

= Astatistical test called the chi-squared test determines whether there is a significant difference
between the observed and expected results in an experiment

= The chi-squared testis completed when the data is categorical (data that can be grouped)

Calculating chi-squared values

1. Obtainthe expected and observed results for the experiment
2. Calculate the difference between each set of results
3.Square each difference (asitisirrelevant whether the difference is positive or negative)

4. Divide each squared difference by the expected value and get a sum of these answers to obtain the
chi-squaredvalue

THE CHI-SQUARED VALUE, X* IS GIVEN BY THE FORMULA

y7_ 5 (O-EV
E

Z=SUM OF
O = OBSERVED VALUE

E =EXPECTED VALUE

Analysing chi-squared values

= Towork outwhat the chi-squared value means, a table that relates chi-squared values to
probabilities is used

= |f the chi-squared value represents alarger probability than the critical probability thenit canbe
stated that the differences between the expected and observedresults are due to chance

= [fitrepresents a smaller probability than the critical probability then the differencesinresults are
significant and something else may be causing the differences

= To determine the critical probability biologists generally use a probability of 0.05 (p = 0.05)
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= They allow that chance will cause five out of every 100 experiments to be different
The number of comparisons made must also be taken into account when determining the critical
probability. This is known as the degrees of freedom

Every hypothesis test must begin with a clear null hypothesis (what we believe to already be true)
and alternative hypothesis (how we believe the data pattern or probability distribution might have
changed)
The null hypothesis is denoted Hg and sets out the assumed population parameter given that no
change has happened
= The standard null hypothesisis that there is no significant difference between the expected and
observed frequencies, and any difference that does occuris due to chance
The alternative hypothesis is denoted Hy and sets out how we think the population parameter could
have changed
= The standard alternative hypothesisis that there is a significant difference between the expected
and observed frequencies
When a hypothesis testis carried out, the null hypothesis is assumed to be true and this assumption will
eitherbe accepted orrejected
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@ Worked example

An experiment was carried out investigating the inheritance of two genesinrabbits

One forcoat colourand one forearlength

Adihybrid crossrevealed the expectedratio of phenotypestobe 9:3:3:1

Severalrabbits with the double-heterozygous genotype were bred together and the phenotypes
of all the offspring were recorded

The ratio of the offspring was not exactly what was predicted, but was reasonably close

In order to determine whether this was due to chance or for some otherreason, the chi-squared
test wasused

Phenotypes &

(genotypes) of F, Observed Expected Expected

offspring Number (O) Ratio Number (E) O—-E (0-EY (0-EZ/E
Brown coat | Longears
(8B / Bb) (EE / Ee) 87 90 -3 9 0.1000
Brown coat | Short ears
(8B / Bb) (ee) 31 30 1 4 0.0333

9:3:3:1
Black coat Long ears
(bb) (EE / Ee) 27 30 -3 g 0.3000
Black coat Short ears
(bb) (ee) 15 10 B 25 2.5000
160 160 2= 2.9333
2
A = 2.93

The expected number of each phenotype is the fraction of the total number of rabbits governed by
the 9:3:3:1ratio

These are /16, /16, °/16 and /1 0f 160, respectively

In order to understand what this chi-squared value of 2.93 says about the data, a table relating chi-
squared values to probability is needed

Chi-squared critical values table
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Probability that the difference
between observed and expected
results is due to chance

Degrees of

freedom 0.1 0.05 0.01
1 2.71 3.84 6.64 10.83
2 4.60 5.99 9.21 13.82
3 6.25 7.82 11.34 16.27
4 7.78 9.49 13.28 18.46

‘opyright © Save My Exams. All Rights Reserved

The chi-squared table displays the probabilities that the differences between expected and observed
are due to chance
The degrees of freedom can be worked out from the results. Itis calculated by subtracting one from
the number of classes
In this example, there are four phenotypes which means fourclasses, 4-1=3
This means that the values in the third row are important for comparison
For this experiment, there is a critical probability of 0.05
This means that 7.82 is the value used for comparison
The chi-squared value from the results (2.93) is much smaller than 7.82
2.93 would be located somewhere to the left-hand side of the table, representing a probability much
greaterthanO.1
This means that there is no significant difference between the expected and observedresults, any
differences that do occur are due to chance

= We accept the null hypothesis
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@ Worked example

An experiment was carried out on Drosophila genes

One gene forbody colour B = brown, b = black

One gene forwing shape W = straight, w = curved

Adihybrid crossrevealed the expectedratio of phenotypestobe 9:3:3:1

Several Drosophila with the double-heterozygous genotype were bred together and the
phenotypes of all the F, offspring were recorded

Theratio of the offspring was far from what was predicted

In order to determine whether this was due to chance or for some otherreason, the chi-squared
test wasused

Phenotypes &
(genotypes) of F, Observed Expected Expected "
offspring Number (O) Ratio Number (E} O —-E (O —-E) (0-EV¥/E
Brown body | Straight wing
(BB /Bb) | (WW/Ww) 450 336 14 | 12,996 39
Brown body | Curved wing
(BB /Bb) | (ww) 31 112 —84 6,561 59
9:3:3:1
Black body [ Straight wing
(bb) (WW 7 Ww) 27 12 -85 | 7,225 65
Black body | Curved wing
(bb) (ww) 88 37 52 2,704 73
597 597 7= 235
2
A= 235

The expected number of each phenotype is the fraction of the total number of flies governed by the

9:3:3:1ratio

These are ?/16, 3/16, /16 and /14 of 597, respectively
In order to understand what this chi-squared value of 235 says about the data, a table relating chi-

squared values to probability is needed

Chi-squared critical values table
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4

Probability that the difference Your notes
between observed and expected
results is due to chance

Degrees of

freedom 0.1 0.05 0.01
1 2.71 3.84 6.64 10.83
2 4.60 5.99 9.21 13.82
3 6.25 7.82 11.34 16.27
4 7.78 9.49 13.28 18.46

‘opyright © Save My Exams. All Rights Reserved

= The chi-squared table displays the probabilities that the differences between expected and observed
are due to chance

= The degrees of freedom can be worked out from the results. It is calculated by subtracting one from
the number of classes

= |nthis example, there are also four phenotypes which means four classes, 4-1=3

= This means that the valuesin the third row are important for comparison

= Forthis experiment, there is a critical probability of 0.05

= Thismeansthat7.82is the value used for comparison

= The chi-squared value from the results (235) is much greater than7.82

= 235would belocated somewhere off the farright of the table, representing a very small probability,
muchless than 0.001

= Thismeans that there is a significant difference between the expected and observed results, any
differences that do occur are due to a factor other than chance

= Wereject the null hypothesis
= |nthis case, that factoris (autosomal) gene linkage

Conclusion

= Thealleles for black/brown body colour and straight/curved wings are linked, ie. carried on the same
chromosome (autosome)
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O Examiner Tip /

Your notes
When calculating a chi-squared value itis very helpful to create a table like the ones seenin the worked

examples. This will help you with your calculations and make sure you don’t get muddled up! You
should also be prepared to suggest reasons why results might be significantly different. For example,
there could be linkage between the genes being analysed.

NOS: Students should recognise that statistical testing ofteninvolves using a
sample torepresent a population

= Whenhandling datainvolving large populations, it is oftenimpossible to collect data on every single
member of that population

= |nthese scenarios the best optionis to take alarge sample of the data from a percentage of the
population

= Thelargerthe sample, the higher the chance that the data from the sample is representative of the
whole population

= Thisiscommonin ecological sampling, such as when collecting data using a quadrat, orin the context
of studying inheritance of within populations

= |Inmany experiments the sample is the replicated orrepeated measurements
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Genes & Polypeptides: Skills (HL) 4

Your notes

Genes & Polypeptides: Skills

Use of databases to identify the locus of a human 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
Anyone can access theseloci
= One example is the European Molecular Biology Laboratory database (EMBL)
Examples of genes that can belocated are
= The CFTR protein, critical to cystic fibrosis, on chromosome 7
= HBB, afaulty allele of whichis the cause of sickle-cell anaemia, on chromosome 11
If we know the locus of a particular gene, medicine can establish the location of a faulty allele, whichis
oftenrecessive
= Afaulty allele can be cut out of the chromosome by genetic engineering using recombinant DNA
technology
= Replacing afaulty allele could lead to genetic therapy
= | ocationdatabases of cancer-related genes are often vitalinformation to researchers, doctors
and patientsinvolvedin cancer genetics

Databases can be used to find and compare information about DNA, mRNA and protein

sequences diagram
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DATABASES CONTAINING
INFORMATION ON _
DNA SEQUENCES, T Ll
mRNA  SEQUENCES, mEn | 1NN
GENE EXPRESSION

AND PROTEIN STRUCTURE

DATA RETRIEVAL AND
ANALYSIS, e.g. USING

BLAST TO COMPARE

DNA SEQUENCES

UPLOADING DATA TO
SPECIFIC DATABASES

The use of databases to compare base sequences (and protein sequences) between species
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@ Worked example

Let's take the example of the gene that has a mutated version that causes cystic fibrosis, called
CFTR
The location of this gene, which can be searched forin the database, is 7g31.2
= The7representsthefactitis found onchromosome 7
= The grepresents the factitis found of the long arm of the chromosome, whichis called g
= Theshortarmisp
= 3l.2represents how faraway the geneis from the location of the centromere of the
chromosome
= The smallerthe number, the closeritis to the centromere

We can compare this information to another gene, which encodes a protein that helps with blood

clotting, coagulation factor X. If this gene is mutated it canlead to haemophilia

= Thelocation of the coagulation factor X geneis 1334

= Thisis found onchromosome 13
A conclusion that canbe made about these two genesis that they are found on different
chromosomes and so theirinheritance is not linked

Rememberthat when genes are located close together they are likely to be inherited together due to

autosome linkage

Forexample, a genelocated at 3p24.1is not going to be linked to a gene at 6g13.2 because they are

found on different chromosomes

However, a genelocated at 3p24.1is likely to be linked to a gene found at 3g27.8, and even more likely
to belinked to a gene found at 3p18.9, because they are not only on the same chromosome, but on the
same arm of the chromosome and located close together (a similar distance from the centromere)

O Examiner Tip

You may be asked to compare this datain an exam and comment on the likelihood of linkage.
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Gene Linkage (HL)

Autosomal Gene Linkage

Gene loci are said to be linked if they are on the same chromosome

= Loci(singular: locus)refers to the specific linear positions on the chromosome that genes occupy
= |f genes are onthe sexchromosome, they are said to be sex-linked
= Sex-linked genes have characteristics that generally only affect one gender of a species
= These genes are usually on the X chromosome because the Y chromosome contains very few
genes
= Inhumans, colour-blindness and haemophilia are notable examples of genetic conditions that
only affect males
= Linked geneslocated onthe chromosomes1-22, orany chromosome that is not a sexchromosome
(called autosomes) are said to be examples of autosomal linkage
= Thelikelihood of genes beinginherited together, or the extent to which they are linked, is measuredin
units called centimorgans, in honour of Thomas Hunt Morgan's work

Notation for linked genes

= Acommonway of denoting linked alleles is to link them with lines, representing the homologous
chromosomes
= E.g.inacrossbetweenadouble heterozygous individual where the dominant alleles Gand R are
linked and the recessive alleles g and r are linked, the notation would be:

GR GR

X

gr gr

Autosomal linkage

= Dihybrid crosses and their predictions rely on the assumption that the genes being investigated
behave independently of one another during meiosis
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= However, not all genes assort independently during meiosis /
= Some geneswhich are located on the same chromosome display autosomal linkage and stay
together in the original parental combination Your notes

= Linkage between genes affects how parental alleles are passed onto offspring through the gametes

Identifying autosomal linkage from phenotypic ratios

= |nthe following theoretical example, a dihybrid crossis used to predict the inheritance of two
different characteristics in a species of newt
= The genes are for tail length and scale colour
= The genefortaillength has two alleles:
= Dominantallele T produces a normal length tail
= Recessive allele t produces a shorterlength tail
= The geneforscale colour has two alleles:
= Dominantallele G produces greenscales
= Recessive allele g produces white scales

Without linkage

= The outcomes for this dihybrid cross if the genes are unlinked are as follows
Dihybrid Cross without Linkage Punnett Square Table

Gametes from
Parent Two

tg

T1Gg / normal tail,
green scales

Ttgg / normal tail,

hit al
Gametes from /"

Parent One

t1Gg / short tail,
green scdles

ttgg / short tail,
white scales

ns. All Rights Reserved
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= Predictedratio of phenotypesin offspring = /
= ]normaltail, greenscales:1normaltail, white scales : 1short tail, green scales : 1 short tail, white
scales Your notes

= Predictedratio of genotypesin offspring =
s 1TtGg:1Ttgg: 1ttGg: 1ttgg

With linkage

= However, if the same dihybrid cross is carried out but this time the genes are linked, we get a different
phenotypic ratio
= Therewould be al:1phenotypic ratio (1normal tail, green scales : 1short tail, white scales)
= Thischangeinthe phenotypic ratio occurs because the genes are located on the same
chromosome
= The unexpected phenotypic ratio, therefore, shows us that the genes are linked
= The explanation for this new phenotypic ratiois given in the worked example below:

@ Worked example

Worked example: Explaining autosomal linkage

= |nreality, the genes fortaillength and scale colourin this particular species of newt show
autosomallinkage
Parental phenotypes: normal tail, green scales x short tail, white scales

Parental genotypes: (TG)(tg) (tg)(tg)

Parentalgametes: (TG) or(tg) (tg)

Dihybrid Cross with Linkage Punnett Square Table

Gametes from Parent Two

(tg)

(TG)tg) / normal tail, green scales
Gametes from

Parent One

(tg)(tg) / short tail, white scales

Rights Reservec
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= Predictedratio of genotypesin offspring = /
= 1(TG)(tg): 1(tg)(tg)
= Predictedratio of phenotypesin offspring = Your notes

= Tnormaltail, greenscales:1short tail, white scales

O Examiner Tip

When you are working through different genetics questions you may notice that test crossesinvolving
autosomallinkage predict solely parental type offspring (offspring that have the same combination of
characteristics as their parents). Howeverin reality recombinant offspring (offspring that have a
different combination of characteristics to their parents) are often produced. Thisis due to the
crossing over that occurs during meiosis. The crossing over and exchanging of genetic material
breaks the linkage between the genes and recombines the characteristics of the parents. Soif a
question comes along that asks you why recombinant offspring are present you now know why!
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Identifying Recombinants (HL)

Identifying Recombinants

Genetic diagrams involving autosomal linkage often predict solely parental type offspring (offspring
that have the same combination of characteristics as their parents)
Howeverinreality recombinant offspring (offspring that have a different combination of
characteristics to their parents) are often produced
= Thisis due to the crossing over that occurs during meiosis
= The crossing over and exchanging of genetic material breaks the linkage between the genes and
recombines the characteristics of the parents

Crossing over of bivalents diagram

CENTROMERE |

CHROMOSOME

NON-SISTER
CHROMATIDS

BREAKING AND
REJOINING OCCURS

PARENTAL
COMBINATION
OF ALLELES

RECOMBINANT
CHROMATIDS

Page 60 of 64

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers

4

Your notes


https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

The process of crossing-over results inrecombinant phenotypes that can differ from the parental ,
phenotype.

Your notes
= The frequency of recombinants within a population will nearly always be less than that of non-

recombinants
= Crossing overisrandom and chiasmata form at differentlocations with each meiotic division

Recombination frequency between two linked genes is greater when genes are further apart on the
same chromosome

= There are more possible locations for a chiasma to form between the genes

Identifying recombinants using test crosses

= Testcrosses are oftenused to determine unknown genotypes
= Similarly, they can be used to identify recombinant phenotypes in offspring
= Anindividualis crossed with a homozygous recessive individual (for both traits)
= |f any of the offspring possess a non-parental phenotype then they are labelled as recombinants
= Theseindividuals have new allele combinations due to the process of crossing over during
meiosis leading to the exchange of genetic material between chromosomes

Drawing a Punnett square to show dihybrid inheritance of linked genes

Anumber of sweet pea plants were generated by crossing double-homozygous dominant plants (PL)

(PL) with double-homozygous recessive plants (pl)(pl) to produce a 100% heterozygous Fy generation
(PL)(pl) as expected

= Members of this generation theninterbreed to produce the F, generation
= Alleles:

= P =purple flowers, dominant to p = red flowers
= L=longseeds,dominanttol=round seeds

Possible Gametes Table
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Grandparent of F2 PL /
generation — genotypes PL Your notes

Gametes

F1 generation genotype

Due to crossing over, the F1 generation will produce some
recombinant gametes as well as a majority of parental ones

F1x F2 cross — genotypes

Gametes — parental
These will be abundant

Gdmetes — recombinant
These will be scarce

Pl
PL PL At PL
PL Pl pL Pl
Gametes 2 2 g 2
from F“ P L P 1- P L P L
eneration,
Sandnd 5 pL | L | et | pt
PL pl pL Pl
Pl Pl Pl Pl
PL Pl pL Pl

= According to Mendelianratios and the Punnett square, the F, generation should follow the typical
9:3:3:1ratio
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However, inreality, the frequency of recombinant gametes will be much lower than that of parental
gametes
= This affects the resulting offspring phenotypes, with fewer recombinant phenotypes occurring
than expected

Expected vs Predicted Phenotypes Table

EXPECTED ACTUAL
phenotype X inF, phenotype X inF,
offspring (9:3:3: 1ratio) offspring Phenotype Observations
Purple flower, long More than
56X ek pollen grains expected
Purple flower, Less than
184 ok round pollen grains expected
Red flower, long Less than
R pe pollen grains expected
Red flower, round More than
o ) pollen grains expected

Observations

More of the F, offspring than expected showed the parental phenotypes

Fewer plants with recombinant phenotypes were produced than the 9:3:3:1ratio would suggest
The actualratios found were referred to as 'non-Mendelian' as they didn't follow Mendel’s pattern
However, this was not zero; some recombinants were still being produced

Possible Theories to Explain These Findings

At the time, it was known that many genes were carried on a few chromosomes
The idea that certain genes share the same chromosome was being developed by many scientists
This suggested that genes could be inherited together, not by the law of independent assortment as
put forward by Mendel
The idea of linkage of genes was developed to explain the non-Mendelianratios
= Thefrequency of recombinant phenotypes is lower because crossing over is arandom process
and the chiasmata do not always formin the same place for each meiotic division
= The frequency of recombinant gametes also depends on the closeness of linkage between the
two genes
= Geneslocated close together onachromosome are less likely to be separated by crossing
over
= Sorecombinants of those two genes will be less frequent
Thomas Hunt Morgan later provided proof of linkage to explain non-Mendelian ratios in his
experimentation with fruit flies (Drosophila melanogaster)
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O Examiner Tip /

Your notes
Remember to distinguish between sex linkage and autosomal linkage. The explanation of non-

Mendelianratios falls into the domain of autosomal linkage for IB.
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