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Genetics and Heredity
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Review Knowledge

Every species of plantand animal —a specificnumber of chromosomesinthe nuclei of its
cells

Each chromosome is made up of a sequence of differentgenes

A geneis part of the DNA strand that makes up a chromosome and carries information
abouta specificcharacteristic

Each gene carriesinformation on how to make a particular polypeptide or protein
The polypeptide or protein determines a specific characteristics

Characteristics are transmitted from parents to their offspring by haploid gametes (23 single
strand chromosomes)

Fertilisation =diploid zygote (46 single strand chromosomes)
Zygote has characteristics of both parents

For every chromosome that the offspringinherits fromthe motheritinherits similarone
fromthe father

These similar chromosomes = homologous chromosomes

- Homologous chromosomes are the same size + have genesforthe same
characteristics

- Ex:apair of homologous chromosomes willboth carry the gene that determines eye
colour
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e Somatic cells = Body cells that contain 46 chromosomes / 23 pairs of chromosomes

e Gametes=Sexcellscontain 23 chromosomes

Homologous Homologous
chromosomos chromosomes
Cant
entromere ‘ Ra tion X
Sister Sister

chromatids chromatids

Introduction

Geneticsisthe science of inheritance and studies the principles of heredity and variation. The
hereditary instruction carried within the DNA ensures that offspring resemble their parents and
ensuresthat geneticvariation can take place, resultingin survival of the fittest. Many different
characteristicsin humans are determined by genes, these different characteristics are called genetic
traits. Notall genetictraitsare visible whenyoulook ata person ex blood type and notall human
characteristics are inherited for example some characteristics are determined by the environment ex
burn or scar on yourskin. Genesare passed on by gametes, these inherited traits may appearin
different generations of afamily example one family the grandfatherand grandson have attached
ear lobes butthe rest of the family members have freehangingearlobes. Certaintraits are easily
traced in families for example Haemophiliawhichis ablood clotting disorder which is a genetic
disorder.
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Chromatin network: visible as thread-like structuresin the nucleus of aninactive cell.

Chromosome: a structure made up of two chromatids joined by acentromere that carries
the hereditary characteristics within the DNA.

Gene: a unitof sequenced pieces of DNA that carry the geneticinformation that will
determine the hereditary characteristics of an organism.

Allele: one of two contrasting forms of a gene that determine alternative characteristicsin
inheritance becausethey are situated in the same position orlocus on homologous
chromosomes.

Dominant allele: an allele that masks or suppresses the expression of the allele partneron

the chromosome pairand the dominant characteristicis seeninthe homozygous (e.g.: TT)
and heterozygous state (e.g.: Tt) inthe phenotype.

Recessive allele: anallelethatis suppressed when the allele partnerisdominant. The
recessive trait will only be expressed/seenif both alleles for the trait are homozygous
recessivee.g.: tt

Locus: The exact position or location of a gene on a chromosome.
Homozygous: when two alleles that control a single trait (on the same locus) are identical.
Heterozygous: when two alleles that control asingle trait (on the same locus) are different.

Genotype: Thisis the total geneticcomposition of an organism. Itisthe information present
inthe gene alleles, forexample BB, Bb or bb.

Phenotype: Thisis the external, physical appearance of an organism. The phenotypeis
determined by the genotype. (phenotype, when both recessive genealleles are presente.g.:
bb)

Gene mutation: a change of one or more Nitrogenous basesinthe nuclear DNA of an
organism.

Chromosomal aberrations: refers to changesin the normal structure or number of
chromosomes.

Multiple alleles: whenthere are more than two possible alleles forone gene locus. e.g.
blood groups

Complete dominance: A geneticcross where the dominant allele masks (blocks) the
expression of arecessive alleleinthe heterozygous condition.

Incomplete dominance: A geneticcross betweentwo phenotypically different parents
produce offspring different from both parents but with anintermediate phenotype.

Co-dominance: Ageneticcrossin which both alleles are expressed equallyinthe phenotype

Geneticvariation: thisincludes avariety of different genes that may differ from maternal
and paternal genes resultingin new genotypes and phenotypes.
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Monohybrid cross: when one pair of traits (e.g. colour trait) is crossed to determine the
possible inheritance in the offspring. There will always be 4 possible combinations.

Dihybrid cross: the crossing of two pairs of contrasting traits (e.g. colourtraitand height) to
determine the possible inheritance of the offspring. There will be 16 possible combinations.

Filial generation: The first generation of parents (P1) will produce offspring that result from
a cross called the firstfilial generation (F1). The inbreeding of offsprings will produce F2
(secondfilial generation)

Karyotype: The number, shape and arrangement of all the chromosomesina nucleus of a
somaticcell.

Sex determination: There are 22 pairs of autosomes and one pair of sex chromosomes
(gonosomes) inthe human karyotype. Females have XX males have XY.

Sex-linked alleles: characteristics ortraits that are carried on the sex chromosomes.

Gene mutation: A gene mutationisa change inthe geneticmaterial/ DNAsequencingin the
cell.

Geneticengineering: The process where scientists alter, swap or manipulate the gene on
the DNA, to produce an organism with desirable characteristics.

Cloning: Process by which genetically identical organisms are produced using biotechnology.

PLEASE COMPLETE THE TERMINOLOGY ASSESSMENT [20]

You will find this Assessment on MS Teams or you can follow the link below
The assessmentopens onthe 15th of April and closes onthe 16th of April

Assessment 1 Terminology

Downloaded from eduresourceza.com


https://forms.office.com/Pages/ResponsePage.aspx?id=RI8M4Wn0j0S8DdeBKI_wG32Elfp6Q4hCjve44r-RG45UM0pNNjhJTU9DN1FSMjdKSVNFMEFHVkxIUC4u

Downloaded from eduresourceza.com

Variation

e Variation isthe difference in characteristicsamong organisms of the same species.

e Thisis aresultof differencesinthe genes of the organisms (geneticvariation)and orthe
influence of the environmentin which the organisms live.

¢ Discontinuous variation = occurs when individualsin a population can be put into groups or
categories based on characteristics that cannot be measured across a range.

e Example of discontinuous variation: Blood Groups
- Resultofthe differentgenesthat peopleinherit
- Theindividual either has the characteristicor not
- Thereare NOin-betweens
¢ Continuousvariation = there is a range of measurementsin a population.

e Variationin height, weight and skin colourin human population. Thisisdue to inherited
genesas wellasenvironmentalfactors.

e Example of continuous variation: Height of learnersin your class
e Geneticvariation can be passed from one generationtothe next
¢ Geneticvariation can resultfrom the following:

- Crossingover

- Randomarrangement of chromosomes during meiosis

— Mutations
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Biology

VARIATION

Gregor Mendel

Review of Mendel's observations:
e Traits have multipleforms, forexample pea plants can be tall or short

e Offspringgetcharactertraits from their parents through some kind of "factor" (GENES) they
inherit.

e Inorganismswithtwo parents, itseems like one factor (gene) comes from each parent
through sex cells (gametes).

e Offspringoutwardly express only ONE of the TWO factors (genes) thattheyinheritfrom
theirparents.

- Thefactor (gene) that gets physically expressedisthe Dominant

- Thefactor (gene) that does not get physically expressed is the Recessive
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The Principles of Heredity

Mendel's Laws:

1. Mendel's principle of Segregation

During gametogenesisthe two alleles of agene separate so that each gamete will receive one allele
of a gene fora specificcharacteristic/trait

2. Mendel's Law of Dominance

When two individuals with contrasting pure breeding characteristics (homozygous) are crossed, the
individuals of the first generation (F1) will ALLresemble the parent with the dominant characteristic

3. Mendel's Law of Independent Assortment

Alleles of agene forone characteristicsegregate independently of the alleles of agene of another
characteristic. The alleles forthe two different genes will therefore come together randomly during
gamete formation. Thisis also known as random assortment.

Monohybrid Crosses

Only ONE (MONO) characteristic/ trait that is investigated atatime. Mendel's Law of Segregation
and Principle of Dominance are involved in Monohybrid crosses
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Homologows chromosomes in

Homologous Chromosomes
diploid cell of parent 2

in diploid cell of parent 1

{::,* * {::::::- Menéei'? Law of
B X b segregation

HOMOZYGOUS BLACK HOMOZYGOUS RED Meiosis

B X b Gametes

Fertilization

B b Principle of dominance

HETEROZYGOUS BLACK

1 - This is an example of what Monohybrid crosses will look like. It also shows where Mendel's Laws and Principles are at
work.

Steps to Solve Monohybrid Crosses

1. Determine the dominant characteristic. 2. Determine the keyi.e. symbol/letterto be used. 3.
Determine the phenotypes and genotypes of the parents. 4. Determine the genes of each gamete
after meiosis. 5. Determine the alleles of the zygote afterfertilization —F1 - genotype. 6. Describe
the phenotypes of the F1- generation

Remember:
you get two
marksif you —P Phenot)rpe xJ/
just write i
down the Geno[ype x/
“recipe”
Meiosis Gametes
/ |Gametes xy/
Fertilisation OR
Fy Gonoype 4 1 mark for correct gametes
Phenotype / 1 mark for correct genotypes

2 - ALWAYS USE THIS TEMPLATE
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MONOHYBRID CROSS (L}

==
Tttt

A

ol

>

3 - This video explains how to use a punnet square. A punnet square is there simply to help you determine the alleles that
will be inherited from each parent. This punnet square can be used with the above template.

Review of the video: 1. Homozygous Dominant (HH) Dominant allele + Dominant allele =
Dominant Phenotype 2. Heterozygous (Hh) Dominant allele + Recessive allele =Dominant

Phenotype 3. Homozygous Recessive (hh) Recessive allele +Recessive allele =Recessive
Phenotype

Pick one letterfor a GENE
¢ Recessive allele always use a lower case letter

¢ Dominant allele always use the Capital letter

Three different "TYPES" of Monohybrid crosses

1. Complete Dominance

(& pollen

B b

Q|8

pistil
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A geneticinteraction where one allele of agene supress the expression of an alternative allele in
the F1 heterozygote (e.g. Bb) so that the phenotype is the same as that of the dominantallele.

2. Incomplete Dominance

P generation

Red

RR g —,'{\}A rr
—
Gametes\
Pink

‘ii‘:;(( Rr
A pattern of inheritance in which a cross between two phenotypically different parents produces an

offspring different from both parents but containing partial features of both, therefor forming the
intermediate.

F, generation

3. Co-dominance

Both alleles are equally dominantand therefore both are expressed inthe phenotype.

Can Receive
Geno
Blood Type type Bl Eroia

A i"i | » | Aoro

it »o
iBi BB
B 58 | o0 BorO
i
A.B A, B,
AB I AB

AB, O

O if 00 e

4 - Co-dominance in humans
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5 - Co-dominance in animals

6 - Co-dominance in flowers

Solving Genetic Problems: Monohybrid crosses (Complete
Dominance)

Question 1

A homozygoustall plantis crossed with ahomozygous short plant. Whatis the genotype and
phenotype of the offspring?

Py prenciype  Tall x Short
genatype mx #t

Adeionis (el fony of Segregation]
Gamehes T.T a0
" FEFIRE] =
EpreMsaion :.J'I_'!l_l |.I]_‘I.|
t m ™
1 Tt Tk
Fy L

i > T dominaroe)
i na eed

(imdividimats of F; all display the dominant charscteristic)

7 - Memo for Question 1
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Question 2

In humans, the ability to roll the tongue is because of a dominantgene. Use the letters (R) to
representrollingand (r) for non-rolling and show diagrammatically, by means of ageneticcross, how
aman whois a roller, who marriesawoman who isalso a roller, may have a girl who cannot roll her
tongue.

P, Phenotype Roller X Roller
Genotype Rr X Rr
Meiosis

Gametes R . r R . r

Fertilisation __

R RR Rr
r Rr m

Fy

Genotype: RR, Rr, Rr, m

Ratio: 1 2 : 1

Phenotype: Roller Roller Roller  MNon- roller

Ratio: 3 : 1

8 - Memo for Question 2

Practice Questions
In the questions that follow we will use one general trait e.g. hair colour:
B = brown hair colour (dominant trait)

b = blonde hair colour (recessive trait)

1 A homozygous dominant parent crossed with ahomozygous recessive parent
2. A heterozygous parent crossed with aheterozygous parent
3. A Homozygous dominant parent crossed with a heterozygous parent

4. A Homozygous recessive parent crossed with aheterozygous parent
Complete this work, send me a picture on MS Teams as a private message for your memo.
PLEASE COMPLETE ASSESSMENT 2 [24]

* You will find this Assessment on MS Teams or follow the link below

e Theassessmentopensonthe 17th of April and closes onthe 20th of April

e Assessment 2 Monohybrid cross - Complete dominance
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Solving Genetic Problems: Monohybrid crosses (Incomplete

PUNNET
2.0

Dominance)

SQUARE

INCOMPLETE
CODOMINANCE

9 - Watch this video before attempting the questions!

Question 1

In a certainspecies of rose plants, there isincomplete dominance between the alleles forred and
white flower colour. Determine the genotypes and phenotypes of the F1generation (offspring).

P, phenotype Red x White
genotype RR ®x WwW

\

Gametes E.R x W,W

o ek

Meiosiz

~~~~~~

W RW RW
W RW RW
Fy RW RW, RW RW

Genotype: RW
Phenotype: Pink

[Dffspring have intermediate forms of traits of parents)

10 - Memo for Question 1

Question 2

SpongeBob loves growing flowers for his pal Sandy! Her favourite flowers, Poofkins, are foundin
red, blue and purple. Use the information provided and your knowledge of incomplete dominance
to complete each section below.

1. Write the correct genotype foreach colourif R representsared gene and B representsablue
gene.

Red: Blue: Purple:
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2. Draw a geneticcross to indicate what the genotypes of the resulting flowers if SpongeBob crossed
a Poofkin with red flowers with a Poofkin with blue flowers.

1.

. Red: RR
. Blue: BB
. Purple: RB

2. P1 Phenotype Red flowers x Blue flowers
Genotype RR x BB
Meiosis
Gametes R: R be B . B
Fertilisation .. ] —
B
— | — S T
F1 Genotype RB RB RB. RB.
Phenotype 100% purple

11 - Memo for Question 2

Solving Genetic Problems: Monohybrid crosses (Co-dominance)

Question 1

Cows with white fur (W) were crossed with bulls with red (R). Determine the genotypes and
phenotypes of the F1generation (offspring).

Cows with white fur W] were crossed with bulls with red fur (8]

Py phenotypa Red & White

gunotype RE & WW
o ”
Mmic fl| A
R EVA
Gamates R & W, W
Faviiimation W W EW
W ORW  BwW
ks W W EW
Genotype: B

Phanatype: Roan {both red and white)

|Both alfilis are eoualy Sominast s are eapreiied in e phanobype)

Question 2

In certain marine invertebrates the colour of the shell is underthe control of one gene with three
alleles. Indifferent combinations, the three alleles produce four phenotypes: orange, yellow,
orange-yellow and black. The table belowshows the results of the offspring produced from crosses
involving parents of different phenotypes.

CROSS | PHENOTYPES OF SHELLS

Orange x orange
Crange x yellow

1. Name and describe the type of dominance shown by cross 4.

PARENTS OFFSPRING
Yellow x vellow 27 yellow: 9 black
Black s black All black

30 orange: 10 black
All orange- vellow

(3)

Downloaded from eduresourceza.com



Downloaded from eduresourceza.com

2. Which shell colouris controlled by the recessive allele? (1)
3.Use informationinthe table to supportyouranswerto QUESTION 2. (2)
Memo:

1. Co-dominance - The phenotypes/alleles of the parents are equally dominant (orangeand yellow)
and are both expressedinthe phenotype of the offspring

2. Black

3. In cross 1 both parents are yellow / none of the parents are black - But black appearsin the
phenotype of the offspring

OR

- In cross 3 both parentsare orangeV/none of the parents are black
- butblack appearsinthe phenotype of the offspring

OR

- The ratio of the offspringincross 1 ( yellow and yellow/ cross 3 (orange and orange) is 3
yellow/orange:1black

- The smallerproportion represents the recessive allele/black

Co-dominance - Blood groups

Blood groups are another example of Co-dominance. Blood groups are controlled by multiple alleles.
Important things to remember when working with blood groups

¢ You can only have one blood group

¢ You can only have two allelesfora blood group

e But there are three differentalleles

¢ And there are four blood groups
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When doingany geneticcrosses with blood groups we follow the same template as all the other
crosses, howeverthe way we write the alleles differs! The alleles are now written likethe image
indicates.

Inheritance of the ABO Blood System in Humans
» 8 i
[ »ie i
®
B e #i
P
i i® ii
i
Elood group Alleles
(Phenotype) (Genotype)
A 414 or 1A
B BB orlg
AB A8
0 ii

Lets look at an example

A man with blood group AB marries a woman with blood group O. Predict the nature of their
possible offspring.

P, Phenotype AB X o]
Genotype 178 X ii

Meiosis

=@ @ OO0

Fertilisation
1 Pi i
i PP Fi
F; Genotype: (] and B
Ratio: 1 : 1
Phenotype: Blood group A and Blood group B
Ratio: 1 : 1

Now you try this activity

1. Human blood groups are controlled by multiple alleles.
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a) How many alleles control blood groups? b) Which TWO alleles are co-dominantinthe
inheritance of blood groups? c) A manis heterozygousforblood group Aand marriesa woman who
has blood group O. Use a geneticcrossto show the phenotypicratio of their offspring.

Memo
a) 3
b) AandB

c) The memofor (c)is the image attached

P, Phenotype Bloodgroup A »  Blood group ©

Genolype 1% E ii
Meinsis
Gamebas | AT ] | i OR
IS
g W
F, Genolyps ] o] 1} I A
Phenotype 2 blood group A: 2 biood groug O

Phenotypic ratio is 11 *

Marking

P; andF,

Melosis and fertilisation
* compulsory mark

PLEASE COMPLETE ASSESSMENT3 [12]
¢ You will find this Assessment on MS Teams or follow the link below
e Theassessmentopensonthe 22nd of April and closes onthe 23rd of April

e Assessment 3: Monohybrid crosses - Incomplete and Co-dominance
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Sex-linked Inheritance

To understand sex linked inheritance we need to understand Sex
Determination

e Femaleshave XX sexchromosomes while males have XY sex chromosomes.

e Each time fertilisation occurs, there isa50% chance of the zygote being male and a 50%
chance of the zygote being female, X+ X =XX and X + Y = XY.

P1 Phenotype: male X female
Genotype: XY X KX
Meiosis
Gametes: XY X XX
Fertilization

X X
X XX | XX
XY |XY
F1 Genotype: XX XK XY XY
1 |
Phenotype: 30% females - 50% males
1 o1

Gonosomes inheritance

e Geneslocated ona sexchromosome are called sex linked genes.
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¢ In humans the term usually refers to X-linked characteristics: genes located only on X
chromosomes.

e Fathers can pass X-linked alleles to their daughters, but notsons.

¢ Motherscan pass sex-linked alleles to both sons and daughters.

Nl 0
(F ) 0K I )
X x n N

LA auoNn ) ¢ <—— Gonosomes/sex chromosomes
" » L X v

<—— Autosomes

Common sex-linked disorders

1. Haemophilia - A sex-linked condition where blood fails to clot

properly

Sex-Linked Traits _
with the Amoeba Sisters

INHERITANCE OF HAEMOPHILIA AS AN EXAMPLE OF A SEX — LINKED DISEASE
e Maleshave only one X chromosome.
e TheY chromosome has nogene forblood clotting.

¢ Thismeansthat the condition of haemophiliais seenin males with only one recessiveallele
present.

Downloaded from eduresourceza.com


https://youtu.be/h2xufrHWG3E

Downloaded from eduresourceza.com

A female with one recessiveallele will be acarrierbecause the other X chromosome will

carry the normal dominantgene. Thisdominant allele will mask the effect of the recessive
allele.

e Afemale willonly be haemophilicif she has both homozygous recessive alleles.

Example 1 : Normal male crossed with a female carrier

EXAMPLES
For a normal make and femake carrier {heterozygous| cross:

Py Phenotype: normal made ¥ female camiar
: wry b xigm
Mainsis
Gamedes: Yy ] Xt Xk
Fertiization
W= ¥
:II uvl KII xll b
i bl Xy
Fy Genotype: 1 X+ xH I 1 K7y 1By

normeal femabe - female carrier : normal male : haemophilic male
5% b 5% £ 26% ¥ 255

Phenotype - 50% normal females : 26% normal males : 26% hasmophilic males

Example 2 : Affected male crossed with a normal female

Far an affecied male and normal female cross:

Py Phenotype: affeciesd male = normal femeale
Genatype: xwy i XH K
Meiosis
Gamebes: Xr oy ® XH
Farfifization
x Y
X X X
x" S A el
Fi Genatype: X XHxH Xy Xy

50% of Fy is female camers | 50% of Fy i nommal males
1 : 1
Phenatype 100% normal
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Colour Blindness

INHERITANCE OF COLOUR BLINDNESS AS AN EXAMPLE OF A SEX —LINKED DISEASE
¢ Maleshave only one X chromosome.
e TheY chromosome has nogene forcolour sight.

e Thismeansthat the condition of colourblindnessis seenin males with only one recessive
allele present.

e Afemale withonerecessiveallelewill be acarrierbecause the otherX chromosome will
carry the normal dominant gene. Thisdominant allele will mask the effect of the recessive
allele.

e Afemalewillonly be colourblindif she has both homozygous recessive alleles.

Example 1: A colour blind male crossed with a normal female (non-

carrier)
P, Phenotype Colour hind man  ®  Normal non carrier female
Genotype b " bt
Medosis
Gameles K L) W xE
Fertilisation
X b 'y
L xR yE Xy

Fl Genolype:  S0% X*a® | SO Y
Phenotype  50% femade carriers, 50% normal males

PLEASE COMPLETE ASSESSMENT4 [28]
¢ You will findthis Assessment on MS Teams or follow the link

e Theassessmentopensonthe 27th of April and closes onthe 28th of April
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e Assessment4:Sexlinked disorders

Genetic Pedigree Diagrams

Autosomal recessive traits: Steps to interpret questions

Follow the following steps when interpreting pedigree diagrams:

1. Studyany keyand opening statement/s and look for dominant characteristics and
phenotypes.

2. Fillinthe genotype of all the individuals with the recessive condition (It has to have 2 lower
case letterse.g. ff).
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For everyindividual inthe diagram that has the recessive condition, it means thateach gene
was obtained from each of the parents.

Work backwards andfill in one recessive gene for each parent.

If the parents showed the dominant characteristic fill in the second letter which has to be a
capital letter.

Anyotherindividual showingthe dominant characteristicwill most likely be homozygous
dominant—two capital letters.

PFlease nole: Unattached eariobes sve domenant {Fj and Altached carlobes are recesshe (1]

-—‘-ffii" [T @
) L @
R o

- & b

L

Sex-linked recessive traits

Sex-linked recessive traits: Steps to interpret questions

Follow the following steps when interpreting pedigree diagrams:

1

Study any key and opening statement/s and look for dominant characteristics and
phenotypes.

Fillinthe genotype of all the individuals with the recessive condition (It has to have 2 lower
case letterse.g. ff).

For everyindividual inthe diagram that has the recessive condition, it means thateach gene
was obtained from each of the parents.

Work backwards andfill in one recessive gene for each parent.

If the parents showed the dominant characteristic fill in the second letter which has to be a
capital letter.

Any otherindividual showing the dominant characteristicwill most likely be homozygous
dominant—two capital letters.
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The falleeing pedigree diagram is Tor colour blindnesss, Determine the possihle
gonaiypes for number 1-15. Colour bndness is a sex linked condition, Wse X to
Indicate the affected allele and ¥° 1o indicate the nonmal allete,

®

KEY:

l = hlfacind meile
[ = termat mate
[ J—

= Mormal lemals

xoe Xty
L ] .
\

PLEASE COMPLETE ASSESSMENT5 [28]
¢ You will find this Assessment on MS Teams or follow the link

¢ Theassessmentopensonthe 27th of April and closes onthe 28th of April

e Assessment5: GeneticPedigree Diagrams
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Dihybrid Crosses

e Adihybridcrossinvolves the inheritance of two characteristics.

e Accordingto the Law of Independent Assortment, alleles of agene for one characteristic
segregate independently of the alleles of agene foranother characteristic.

e Theallelesforthe two genes will therefore come togetherrandomly during gamete
formation.

e Thismeansthat the two characteristics are transmitted to the offspringindependently of
one another.

e Theabove lawonlyappliesifthe genesforthe two characteristics are not on the same
chromosome.

HENDEL'AN LFLFIF If

GENETICS: tf‘@ DO
THE DI-HYBRID

= IEE

e Ilzﬁ‘ém o

e X a L*LARGE FsFLUFFY
I*SMALL f+«SMOOTH

LIFF LIFF
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Steps to follow when solving a dihybrid cross
Step 1

¢ Identify the phenotypes of the two hamsters for each of the two characteristics.
Step 2

e Choose letterstorepresentthe allelesforthe gene responsible for each characteristic.
Step 3

e Write the genotypes of each parent.
Step 4

¢ Determine the possiblegametesthat each parent can produce.

e Rememberthateach parentwill have twoallelesforeach gene.

e The gametesof each parent will have only one allele for each gene because of segregation
during meiosis.

e Rememberthatbecause of the principle of independentassortmentanalleleforone gene
could appearin the same gamete with any of the alleles forthe othergene.

Step 5
e Enterthe possible gametes atthe top and side of a Punnettsquare.
Step 6

e Because of randomfertilisation, gametes from both parents could fuse in different
combinations toform the offspring.

¢ Inthepunnetsquare, write downthe genotypes of the offspring that will result from each
possible combination of gametes

Step 7

e Determinethe phenotypes of the offspring from the genotypes obtained in the punnet
square.

Example 1

In hamsters, the allelefor black coat colour (B) is dominant overthe allele for white coat colour (b).
The allele forrough coat (R) isdominant overthe allele for smooth coat (r). If you cross a hamster

that is heterozygous blackand homozygous rough, with one thatis heterozygous black and
heterozygous rough, what willbe the phenotypes and genotypes of the offspring?
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Memo for Example 1

L Phashobype Btk Rl - Blisck, Rough Step 1
Genobype BeRA o BeRr Step 2.3
feesnss and' Fentilisaton

Gameles[BR__|BR_[0R |bA

BR BERF | BOFA | BFH | BbAR
il BHR_| BHR | b
bR BBRF | BhRA | fhRA
B BbF: | GbRr | DbRs

ugm
b

Fy Gonalype & diffaen] genckypas, 4% in o bls abovo
Phenotyps 12 Bkack rough; 4 Wide, rough... .. Step T

To get the gametes rememberwe take each parent, we then take ONE allele from each trait. Make
sure that you first use the B with both the R, then go to the b with both R.

Example: BbRR
1. Wetake a BR, then BR, then bR and bR
2. Wedo this for both parents
PLEASE COMPLETE ASSESSMENT6 [23]
* You will find this Assessment on MS Teams or follow the link
e Theassessmentopensonthe 1st of May and closes on the 4th of May

e Assessment6: Dihybrid crosses

Mutations

A mutationisasudden change inthe geneticcomposition of an organism.

¢ Gene mutation- A gene mutationisa change in the geneticmaterial or DNAsequencein
the cell.

¢ Chromosome mutation/chromosomal aberration - Change in the numberor structure of
the chromosomes.
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Effects of mutation

Mutations assist the organism to adapt to its environment:

e HARMFUL MUTATIONS: causeschangesin DNA that can cause errorsin protein
sequencing, that canresultin partially or completely non-functional proteins.

e HARMLESS MUTATIONS : Have no effect onthe structure or functioning of the organism.

e USEFUL MUTATIONS : Can be advantageoustothe organismand they are passed onfrom
parentto offspring.

i =TT
with the Ameceba Sisters

Genetic Engineering

GeneticEngineeringisthe process where scientists alter, swap or manipulate the genesonthe DNA,
to produce an organism with desirable characteristics.

We will look atthree examples of Genetic Engineering:
1. Cloning
2. StemcCellsResearch
3. Genetically Modified Organisms (GMO)
4. Biotechnology

There are advantages and disadvantage to GeneticEngineering (you need to know these)

Advantages of Genetic engineering | Disadvantages of Genetic engineering

* Production of medication/ + Expensive/ research money could be
resources cheaply used for other needs

+ (Control pests with specific genes | » Interfering with nature or immoral
inserted into a crop + Potential health impacts

* Uses specific genes to increase + Unsure of long-term effects
crop yields/ food security

+ Selecting genes to increase shelf-
life of plant products
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1. Cloning

Cloningisthe process of producing similar populations of geneticallyidentical individuals that occurs
in nature when organisms such as bacteria, insects or plants reproduce asexually. Asheep called
Dolly was cloned successfully in 1997.

Process:
e Withcloning, the nucleus of a somatic cell (2n) of one organismis removed.
e Anovum(n)istakenfroman ovary of another organism.
e Thenucleusofthe ovumis destroyed.
e Thesomaticcell’snucleus(2n)isthen placedinsidethe ovum.

e Theovumisput back intoa uteruswhere itisallowed to grow and differentiate intoan
embryo.

e Whenthe new offspringis produced, itisidentical to the original organism.

A donor cell I1s taken from

a sheep's udder Donor
YK Nucleus
\ | mEaE @ These two cells are fused
\ m»\\ \(‘ using an electric shock
a; & Fused Cell

Ovum

7 .
' o B .
3 /a' /The'nucleus of the (l ‘
) B ovum Is removed
M—T‘m“m Is taken /he fused cell
from an adult

,‘P. 0 begins dividing

r.;% sheep (;q?‘ % normally
¥ 3 ‘/‘\‘,,‘,.
v ‘(’ — : Ao
Cloned Lamb | ) Embryo
J 3JThe embryo The embryo is placed
develops normally Foster in the uterus of a foster

into a lamb—Dolly mother

Mother

2. Stem Cell Research

A stemcellis any cellinthe body that can differentiate into any specialised type of tissue in the
body.

Stem cells can be harvested from:
e umbilical cord blood (once ababy has been born)
e afoetal blastocyst
e bonemarrow.

Stem cells can be used to treat:

e cancers like Leukemia
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degenerative diseases like Multiple Sclerosis

diabetes mellitus wherethe pancreas nolonger producesinsulin
muscle damage

organ damage

certain geneticdiseases in conjunction with gene therapy

3. Genetically Modified Organisms (GMO)
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Genetically modified organisms (GMOs) are living organisms whose genetic material has been
artificially manipulated in alaboratory through geneticengineering.

This creates combinations of plant, animal, bacteria, and virus genes that do not occur in nature or
through traditional crossbreeding methods.

Advantages of Genetically Modified Crops:

Better for the environment - Since GMOs require much less chemicals to thrive, the impact
on the environmentislessened. The pesticides and other chemicals commonly used on non
GMO crops emit greenhousegases and pollutethe ground soil.

Resistance to disease - One of the modifications made to the cropsisan added resistance to
disease that would normally kill off the crops. This keeps the yields high and the prices for
the consumerslow.

Sustainability - GMOs provide astable and efficient way to sustain enough crops to feed the
evergrowing population of people inthe world. This was the main goal of GMO cropsin the
first place.

Increased flavour and nutrition - Along with resistances toinsects and disease, the genes of
the crops can also be altered to have a better flavorandincreased nutritional value. Thisis
good all around.

Longer shelflife - Genetically modified foods have alonger shelf life. Thisimproves how long
theylastand stay fresh during transportation and storage.
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Keepsit affordable - One of the biggest effects that the use of GMOs has had on our
everyday life is the prices of produce and otherfoods. Since more crops can be yielded, the

prices can be much lower.

4. Biotechnology

Biotechnology is the use of living systems and organisms to develop or make products, or "any
technological application that uses biological systems, living organisms or derivatives thereof, to
make or modify products or processes for specificuse" (UN Convention on Biol ogical Diversity, Art.

2).

Paternity Testing and DNA Profiling
An analysis, usually of the DNA or blood type of a mother, child, and putative father, to estimate the

probability that the manis the biological father of the child.

Paternity testing can be done usingthe following ways:

Blood grouping
Genotypes of the motherandthe suspected man's blood groups are compared with those of
the child

If the genotypes forthe blood groups of the man and the mother could not lead to the blood
group of the childthe man is not the father of the child

If the genotypesforthe blood groups of the man and the mother could lead to the blood
group of the child it cannot be said with certainty thatthe man is the father of the child
because other males have the same blood group.

DNA profiles

e Everypersonexceptidentical twins has her/hisown unique DNA profile.

e Itcan be described asanarrangement of black bars representing DNA

e Fragmentsofthe person.

e ltisusedto: Identify paternity

Stages of DNA Profiling
HOW A DNA PROFILE IS MADE
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PLEASE COMPLETE ASSESSMENT 7 [20]
¢ You will find this Assessment on MS Teams or follow the link
¢ Theassessmentopenson the 5th of May and closes on the 6th of May

e Assessment7:Paternity Testing Essay
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