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9.7    Genetics The Code Broken? 

9.7.1 The Structure of a gene provides the code for a polypeptide 
 

DNA Structure (Double stranded Helix) 
-Note: Sugar is the big one, so base comes off. 

-Nitrogenous 
Bases:  
-Adenine to 
Thymine. 
-Guanine to 
Cytosine. 
 
-Chains run 
Antiparallel 



 

 

9.2.7.2 Practical – Construct a model of DNA 
 

• Human DNA model represented structural and functional aspects: 
-DNA is double stranded              -Two strands are complementary 
-Two strands are anti-parallel      -DNA unzipping and annealing 
-DNA mutation (insertion, deletion, substitution)     -DNA replication 

• Limitations: -couldn’t show helix shape, and is a temporary model. It 
also oversimplifies the chemical structure and bonding in DNA. 

 

Method: 

• Divide students into 4 groups: (A,T,G,C) each with an individual 
handshake for their complementary pair. 

• Students stand in “L” position, each representing a nucleotide. 

• Students line up in antiparallel way in complementary pairs.  

• Then perform functional aspects (above). 
 
 

9.7.1.1 Transfer through DNA to RNA to create a polypeptide. 
 

• Example: Transcription: DNA bases are arranged in codons (specify the 
amino acid). DNA is unzipped by the enzyme helicase. 

• The DNA template has the gene for eye colour, the enzyme RNA 
polymerase binds to one of the DNA strands and moves along to the end 
of a gene causing it to copy on formation of mRNA. 

• Translation: The mRNA then moves through pores in the nuclear 
membrane to the ribosomes in the cytoplasm where it docks. There is 
often a chain of ribosomes along a m-RNA which is called a polysome. 

• The corresponding t-RNA anti-codons then bring the correct amino acids. 

• The ribosomes moves along the m-RNA, while the amino acids join 
through peptide bonds. Gradually t-RNA moves off to find amino acids.  

• Once the stop codon is encountered, the polypeptide chain is formed.  

• A polypeptide is then processed through folding, cleavage or chemical 
addition to form a functional protein resulting in gene expression.  

• The functional protein in this case is an enzyme which catalyses a reaction 
to produce a coloured pigment in the iris of an eye. 



 

 

Genetic Code Notes: 

• Once the protein is made, it is either a structural molecule in the cell, or 
a functional molecule such as an enzyme or hormone. Therefore, genes 
influence the entire life of the cell and thus organism. 

• There are 20 different types 
of t-RNA, for the 20 amino 
acids. 

• Most common start amino 
acid is Methionine. 

• There are a couple codons for 
each amino acid to try and 
safeguard for a mutation. 

• Know how to read the codes 
from m-RNA that transfer to 
an amino acid.  
 

9.7.1.3 Outline the current understanding of gene expression. 
 

• Gene expression is a gene that is “turned on” to produce a polypeptide.  

• Areas of DNA are more tightly packed as these genes are “switched off”. 

• Eucaryotic cells must permanently turn on/off genes in differentiated 
cells.  (5% of a cell’s functioning genes are being expressed at a time). 

• The study of this is called epigenetics.  

• There are different stages when gene expression can be controlled: 
o DNA Unpacking: DNA is packed around histones to form nucleosome 

structures. can be packed tightly with methyl groups to prevent gene 
expression, or methyl groups can be removed and acetyl groups added to 
unzip a gene. 

o DNA Transcription: has the most control. Each gene has a promoter 
(activated by a chemical) that determines if RNA polymerase is activated. 

o m-RNA Processing: Introns (non-coding parts) are cut out before m-RNA 
leaves the nucleus. Exons (coding parts) are then stuck together. One way 
to change/stop expression of genes is to treat an extron as an intron and 
vise versa. 



 

 

o Control of Translation: Translation can be stopped if specific proteins 
bind to ribosome, so that m-RNA can’t attach.  

o Protein processing and degradation: Polypeptides often need to be 
processed to form functional proteins, through folding, cleavage, 
activation of parts etc. Some proteins also need to be transported. Any 
of these steps could be prohibited to stop gene expression. 

o Degradation: some proteins have short use-by dates or that aren’t 
needed are degraded, and proteasomes collect them and destroy the 
protein. 

 
9.7.2 
Note: - Gene is a code of bases. 
-Alleles are genes which code for the same trait, but have slightly different 
base codes. 
-Alleles occupy the same locus on a chromosome. 

9.7.2 – Multiple alleles and polygenic inheritance provide further variability 
within a trait 

 

9.7.2.1 Non-human examples of characteristics made from multiple alleles 
 

• The gene pool for a species may have multiple alleles for a particular 
gene, but an individual still only gets one from each parent. 

• Humans have very few Multiple alleles. 

• One gene is usually dominant (basic trait -wild type), and the other 
recessive alleles show varying degrees of dominance (mutant alleles). 

• Example1: Rabbit coat colour is controlled by four alleles: C (wild type – 
fully dark grey), cch (chinchilla – white with black tips), ch (Himalayan – 
white and black patches), c (albino)        C > cch > ch > c 

• Example2: Plain green clover is the dominant wild type. White clovers 
have seven alleles, which determine the pattern of chevrons. Thus, there 
are many more combinations due to 
more alleles. Apart from the wild allele 
(V), there are varying degrees of 
dominance in the mutant alleles (Vx). 



 

 

9.7.2.2/3 Inheritance of the ABO and Rhesus blood groups. Practise Q’s 
 

• ABO blood types are caused by the presence of two carbohydrates 
(antigens) on the surface of red blood cells –A substance, or B substance. 

• Immune systems recognise the surface, if different, as foreign 
(antigenic). & thus forms antibodies, resulting in agglutination (clotting). 

Type A         Type B        Type AB      Type O 
 
 
 
 

• Thus, 3 alleles: i, IA, IB  

• Blood groups are used in medicine (blood transfusion), in human race 
history, and human evolution from primates. 

Recipient Type - AB Can receive all types. 

Recipient Type - A Can receive O or A. 

Recipient Type - B Can receive O or B. 

Recipient Type - O Can receive O. 

• Rh factor it the protein on a red blood cell which is either present (Rh+) or 
absent (Rh-). Rh antigens are believed to be needed for transport of CO2, 

or ammonia across the plasma membrane. 

• Alleles: Dominant: R1, R2 (protein present). Recessive: r (protein absent) 
 

• If a Rh- mother is carrying a Rh+ 

foetus, unlike anti-ABO antibodies, anti-
Rh antibodies can cross the placenta. 

• Thus, the mother will form 
antibodies against the foetus, & will have 
B memory cells at the beginning of the 
subsequent pregnancy.  

• Thus, the mother is immunised with anti-Rh antibodies after first birth. 
 

Comparison: (note: Individuals contain both ABO and Rhesus blood types) 

• Both are controlled by multiple alleles. 

• Both show dominance and recessiveness. 

• ABO blood group shows co-dominance (allele IA & IB produce AB type. 

• Note: “O-” means blood types O, and rhesus negative. 



 

 

9.7.2.4 Polygenic Inheritance and one example 
 

• Polygenic traits are controlled by more than one pair of alleles (genes). 

• Polygenic inheritance means there are multiple combinations for the 
trait, creating large variation and graduations in phenotypes. This 
creates a continuous variation (normal distribution) between two 
extremes. The genes are also incompletely dominant to each other, 
giving a blended effect in the phenotype. 

• Whereas, Mendel’s pea plants found only a few phenotypes produced.  

• Eg. Height and skin pigmentation are examples of this. Skin colour 
although also affected by the environment, it is controlled by at least 
three genes (pairs of alleles). This is a simplified way of how the three 
genes can contribute to graduations in the phenotypes for human skin 
colour. 

9.7.2.5 DNA Fingerprinting 
 

• Extract DNA from a sample (blood, skin etc). Use restriction enzymes to 
cut DNA at a specific point in the DNA sequence. (Non-coding sequences 
have more mutations and have the most variation, thus reliable).  

• Then by gel electrophoresis, the DNA is place on a plate of gel and an 
electric current is applied. Since DNA is negatively charged it moves 
towards the positive electrode. The different size fragments move at 
different rates, so are separated into bands.  

• Southern blotting is where DNA bands are taken up by capillary action 
onto nitrocellulose paper.  

• Then DNA hybridisation occurs where radioactive dyes or coloured 
probes are added to produce the DNA fingerprint pattern. 

• Lastly, autoradiography - the probes make an image on the film. 

• Uses: -Forensic science uses DNA fingerprinting to match DNA found at a 
crime scene with a suspect. Thus, used as evidence. 

 -Paternity cases use DNA fingerprinting to see if a father’s fingerprint would 
match with the child’s. (Child will have half bands from mum, and half from dad). 



 

 

-Animal Pedigrees use DNA fingerprinting, (more accurate and faster) to 
select animals with particular DNA sequences or markers known to be 
associated with the preferred trait.  

 
 

9.7.3 – Studies of offspring reflect the inheritance of genes on different 
chromosomes and genes on the same chromosomes 

9.7.3.1 ‘diploid’ and ‘haploid’ to describe somatic and gametic cells 
 

• Diploid cells are somatic cells and the subset of somatic cells (eg. skin cell) 
called germ-line cells (destined to be converted into gametes). They have 
a double set of chromosomes – (diploid no. - 2n) and come in pairs. (23 
pairs, 46 chromosomes) 

•  Haploid cells are gametes (eg. ova) have half the number of 
chromosomes (n) and thus only a single set of chromosomes (no pairs). 

• Germ cell in Gonad (2n) gamete cell (n)  zygote cell (2n)  offspring 
with somatic cells (2n) 

 

9.7.3.2 Dihybrid crosses – Independent traits 
 

• Dihybrid crosses (same as Punnett squares) look at the inheritance of two 
characteristics controlled by two pairs of alleles. Independent traits – the 
traits are on separate chromosomes. 

• One of Mendel’s dihybrid crosses involved seed shape and colour. 



 

 

-Note: F1 is 
the 
heterozygous 
offspring of a 
cross 
between two 
pure bred 
parents. 
 
-The 
predicted 
ratio of 
phenotypes 
in the F2 
generation 
(offspring 
from F1) is  

   9:3:3:1 
divided into 100 units called centimorgans, thus 12% recombination = 12 
centimorgans apart. (the position of each gene is its locus.)  

• The lower the % of recombination, the closer together linked genes are. 

• The recombination frequency = the distance between the genes. 
 

 
 

9.7.3.3 Linked Genes and Dihybrid Crosses 
 

• Linked traits are two genes that are on the same chromosome and aren’t 
independent of each other. Thus, in meiosis the genes travel together 
into the same gamete. 

• If the genes are on different chromosomes there will be 9:3:3:1 ratio of 
offspring, in F2 generation. If genes are linked, then is a 3:1 ratio. 

 

9.7.3.4 Cross-breeding experiments to identify linked genes relative position  
 

• Offspring identical to either parent are said to be “parental”, while 
different combinations of genes are said to be “recombinant”. 

• Crossing over recombines the genes to create new genetic combinations. 

• Relative positions (loci) of linked genes can be worked out using cross-
breeding experiments (crossing over).  Thus, studying the frequency of 
recombination of characteristics, making a chromosome map. (today new 
technologies are used). 

• The greater the distance between two genes, the greater the chance of 
crossing-over (greater chance of a chiasma (crossing-over point)). 

• When mapping always start with genes furthest apart. Chromosomes are  
9.7.3.6 Practical – Modell Linkage 
 

• Mark 10 counters “A”, 10 counters “B”, 30x “a”, 30x “b”. (each in a 
different colour to illustrate the dominant and recessive alleles.) 

• To represent independent genes, we stimulated a test cross: (in beakers) 
Heterozygous                                               Homozygous 

-Pick one counter from each 
beaker, record genotypes of 
offspring, & repeat. 



 

 

Chromosome Mapping Notes: 
 

• Variation: Non-linkage > Crossing over in linked 
genes> Linked genes 

• Crossing over is not considered when chromosomes 
are non linked genes, as they aren’t homologous 
chromosomes. (B can’t cross with E). (b and B can 
cross, but then the gametes of this trait will remain 
the same) 

-Results: 25% of 4 different genotypes (50%:50%). 
 

• To represent linked genes, we 
sticky taped the following: 

• After picking randomly one pair 
from each pile, our overall 
genotypes were 100% parental. 

• Then we cut the tape of random counters and crossed over alleles to 
illustrate crossing over. Which was >50%:<50%.  



 

 

9.7.3.5 Role of Chromosome Mapping in relationships of species. 
 

• The establishment of how closely related species are, can be worked out 
by comparing chromosome maps for different species. 

• Similar chromosome maps, have more recent common ancestors 
allowing evolution pathways to be determined.  

• Chromosome maps allow revision of our knowledge of evolutionary 
pathways, and classification systems. 

• Eg. Cats show similar linkage groups and linked genes for specific 
functions to humans, showing how close we are genetically. 

• Chromosome maps are subject to error (degree of crossing over varies in 
species), and only show relative positions, not absolute positions. 

9.7.4 – The Human Genome Project is attempting to identify the position of 
genes on chromosomes through whole genome sequencing 

 

• The Human Genome project was a program that mapped all human genes 

(20,000)/ 3 billion base pairs in human DNA. 
9.7.4.1 Benefits of the Human Genome Project 
 

• Basic Genetics: -Step forward in being able to explain more clearly how 
genes are expressed, mutated, inherited, and interact. Also, the role of 
introns, and the functions of genes whose function is unknown. 

• Human Evolution: -Specie genomes can be compared and either support 
or refute our current evolutionary knowledge. It is now know humans 

and chimpanzees differ by 1%, which is less than two species of mice. 

• Human Health: -HGP is the step necessary for later understanding and 
treating of diseases. -Some individuals have faulty genes, which can now  

be detected before the disease caused by these genes develops. This can 
improve genetic counselling, and might lead to new diagnostic tests. Eg. An 
individual may be tested for the hereditary form of Alzheimer’s disease. 



 

 

-Treatments are able to become more specific to an individual.  
-Due to the knowledge of how DNA is different in cancer cells, it is now 
understood that genes in cancer cells are unable to repair DNA. This allows 
further treatment research into targeted treatment.  
-More treatments such as the production of human insulin by bacteria as a 
result of cloning the human gene, can be developed. & Gene therapy might 
be more successful in the future due to the HGP.  
 

9.7.4.2 Limitations of data obtained from Human Genome Project 
 

• Some diseases such as depression and alcoholism involve the interaction of 
many genes with each other and their environment. Thus, we don’t fully 
understand this complex process. 

• Brain Functioning: may never be fully understood even with the HGP.  
Eg. We might know where and how the key genes exist, but we may not be 
able to explain the qualities produced with they function together. 

• Use: There are concerns that the HGP will create ‘superior’ races, or be 
used to select individuals as ‘inferior’ in life insurance or for a job due to 
genetic deficiency. (Laws will have to be relied on for ethical matters). 

• Data: created by HGP will not always determine how genes are expressed, 

due to the modifications and environmental influences that affect gene 
expression. 

• Another stage of knowledge is needed to influence health significantly. 
 

9.7.4.5 Limitations of Linkage maps 
 

• Linkage maps could not be used for the human genome project as they 
only show the relative position, not the absolute loci of the genes on 
chromosomes. 

• It is also unethical to conduct human breeding experiments, thus data 
could only be obtained through observations of traits which have been 
recorded over many generations such as hereditary diseases. The human 
genome which is made up of many genes that aren’t coding for diseases, 
thus can not be mapped through linkage maps. 

 
 



 

 

9.7.4.3 Procedure to produce recombinant DNA 
 

• Recombinant DNA: DNA that has been broken and recombined with a 
new piece of DNA. (eg. DNA after crossing over) 

• Plasmid: small circular chromosome found in bacteria. (used as a vector) 

• Techniques: Virus vectors, Plasmids, Shotgunning (gene libraries), PCR. 

• Laboratory Process: (Make Transgenic E.coli to produce insulin) Remove 
DNA from Human cell, and a plasmid from a bacterium. 

• Find & use a restriction enzyme which can cut the desired target gene 
(insulin code) on either side (restriction site), & E. coli’s plasmid.  

• To insert gene into plasmid; mix the target gene with the plasmid, and 
catalyse the annealing/joining of the matching “sticky ends” with ligase.  

• This recombinant DNA can then be reinserted into the bacterial cell by 
mixing it with calcium chloride which makes the membranes porous. 

• The bacterium reproduces plasmids and the bacterium reproduces, 
making multiple copies of the target gene. The introduced gene is then 
expressed i.e. insulin is produced, & extracted for human diabetics. 

• Or multiple copies are extracted for gene therapy, DNA sequencing, etc. 

9.7.4.4 Use of recombinant DNA technology to identify position of gene  
 

• Recombinant DNA technology allows multiple copies of a gene to be 
produced. Thus allows techniques to be used to identify its position. 

• Through recombinant technology, using shotgun sequencing, 
chromosomal DNA is cut into pieces by restriction enzymes & inserted 
into bacterium as recombinant DNA.  

• The Bacterium make multiple copies of each fragment. 

• These are extracted, & cut again through different restriction enzymes so 
that the fragments overlap. Then reinserted into the bacterium and 
extracted to obtain multiple copies. 

• Either: Use the sanger method where the fragments are heated to form 
separate strands, and DNA nucleotides are tagged with coloured dyes. 

• Then the nucleotides match with the fragments and a computer sensor 
detects through the fluorescent colours where the fragments overlap. 

• Thus, determining the base sequence and location of the gene. 

• Or use electrophoresis gel. 



 

 

9.7.5 – Gene Therapy is possible once the genes responsible for harmful 
conditions are identified 

• Gene Therapy: genes are cut from the DNA of one healthy cell and 
inserted (replace) into the DNA of defective cells/tissues. 

• Gene Delivery and activation: It is difficult to deliver the healthy cells to 
a large number of cells and to make sure that these are the correct cells. 
It is also difficult to make sure that the gene will be activated. 

• Immune Response: Our immune systems are made to fight off 
intruders. One gene therapy case resulted in the patient’s immune 
system fighting off the genes, through an inflammatory response, and 
resulted in death. 

• Disrupting important genes: The new genes much integrate remain in 
the genome. In SCID there have been cases where patients developed 
leukaemia, as the inserted gene stitched itself into the wrong place and 
replaced the function of a gene which normally regulates cell division. 

• Somatic Gene Therapy: Diseased somatic cells of the person are 
changed, but aren’t inherited. 

• Germline Gene Therapy: Germline, zygote or embryo genes are  

changed, thus affect their lifetime and are inherited. 

• Delivery: Through virus vectors which insert their DNA (modified to be a 
healthy gene) in the genes. Or direct introduction such as lipid spheres 
which fuse with the target cell’s membrane. 

 

9.7.5.1/2 Current use of Gene Therapy to manage SCID 
 

• Gene therapy has been successfully used for the disease severe combined 
immunodeficiency (SCID) when patients can’t be matched with a bone 
marrow donor. (to survive live in sterilised bubble) 

• This is a disease where the proteins essential for T cell and B cell 
functioning such as the enzyme ADA (25%) are defective, thus the 
immune system doesn’t function. 

• Copies of the gene ADA are made and inserted into retroviruses to be 
used as gene vectors. The retroviruses then infect the defective human 
cells that have been taken and cultured from the child, or infect blood 
stem cells from the umbilical cord with healthy functioning genes.  

• These infected cells are then injected back into the child and mostly gene 
therapy has been successful in curing SCID.  



 

 

9.7.6 – Mechanisms of genetic Change 
 

There are two main types of mutations: chromosome or gene mutations. 

9.7.6.1 Chromosome Mutations 
 

• Changes in Chromosome Number:  

• Non-disjunction: When chromosomes fail to separate in meiosis; thus 
some gametes contain extra chromosomes, while others have fewer. 

• Trisomy: Can occur from Non-disjunction where a gamete with an extra 
chromosome is fertilised by a normal gamete, the zygote has three 
homologous chromosomes instead of two. Eg. Down syndrome results 
from trisomy in chromosome 21. 

• Polyploidy (common in plants): When non-disjunction of all the 
chromosomes during meiosis results in a gamete with a whole extra set 
of chromosomes (2n gamete), which if fertilised with a haploid gamete 
results in a triploid (3n) zygote. Or two diploid gametes forms a 
tetraploid (4n) zygote.  

 

 

 
 
 

Sickle Cell Disease. 



 

 

• Chromosome Rearrangements:  

• Deletion: When chromosomes lose genes. 

• Duplication: Where extra copies of genes are added. 

• Inversion: When the order of genes is reversed. 

• Translocation: When genes from one chromosome are added to another 
which might not be homologous. 

• Eg: Cri du chat syndrome is caused by a deletion on chromosome 5. 
 

9.7.6.1 Gene Mutations (change in DNA sequence) 

• Base substitution is where one base is changed, thus will only result in 
the change of one amino acid (only affects one codon), or might even 
code for the same amino acid.  

• Frameshift mutation is where the addition or deletion of bases occurs, 
thus all codons are affected (shifted by spreading or squishing up), thus 
every amino acid after is affected, and changes the whole polypeptide. 

• Thus, base substitution is less likely to impact the phenotype 
significantly, compared to frameshift where many codons are affected & 
thus has a significant impact on the phenotype. 

9.7.6.5 Effect of one genetic mutation on human health eg. 
 

• Sickle Cell disease is caused by a gene mutation – base substitution in the 
gene that codes for. Where Thymine, is substituted for Adenine. Thus 
instead of glutamic acid, the mutant forms valine. 

• Effect: 

• Anaemia: This mutation creates abnormal haemoglobin protein, which 
causes stiff, sickle-shaped red blood cells. These break apart and die 
quickly leaving a shortage of red blood cells (anaemia).  

• Lack of Oxygen: being transported around body results in fatigue, and 
slow growth. 

• Blockages: Sickle cells struggle to move through vessels thus cause 
blockages, pain, and swelling. And also damage to organs, and thus a 
reduced life expectancy. 

 

9.7.6.4 Mutations in Germ line cells and Somatic Cells 
 

• Germ Line cell mutations pass mutations on to the gametes. The mutant 
gamete if fertilised will affect all the new offspring cells, and will be 
continued to be passed on to the following generations. 



 

 

• Somatic cell mutations only alter the function of the cell and that 
individual. They can’t be passed on to the next generation as they don’t 
produce gametes. 

• Thus Germ line cell mutations alter the species gene pool & increase the 
potential for evolution, but somatic cell mutations don’t alter the 
species gene pool. 
 

9.7.6.2 DNA repair 
 

• DNA damages are quite common, and can be repaired by enzymes: 

• DNA polymerase “proofreads” DNA. Any damage found is either 
restored without breaking the backbone. 

• Or excised at two points and removed by the Nucleotide excision repair 
enzyme. DNA polymerase then uses the undamaged strand as a 
template strand to replace the base sequence. The new DNA is then 
joined to the old DNA by DNA ligase.  

• Sometimes if too much damage is done (more often in older age), or a 
mutation is missed the cell can 1. enter a state of dormancy; 2. Commit 
suicide; or 3. Commence unregulated cell division. (can lead to cancer). 

9.7.7 – Selective Breeding 
9.7.7.1 Why selective breeding is used in Agriculture and example 
9.7.7.5 History and Changes of example in Agriculture Selective Breeding 
 

• Selective Breeding: is where organisms with desirable traits are chosen 
to breed, to obtain offspring with certain traits. When repeated over 
time this trait will increase in the population and change the population 
permanently. Although Selective Breeding is an imprecise strategy 
compared to cloning. 

• If inbreeding occurs this can reduce genetic diversity in the gene pool. 

• Wheat: Over time has been selectively bred like all food crops by 
choosing desirable traits to create new strains of wheat which are 
superior food sources, and beneficial to humans. 

9.7.6.3 Transposable Genetic elements and their impact on the Genome 
 

• Transposable genetic elements (Transposons) are sections of DNA which 
move from one piece of DNA to another. Either by “cut and paste” or 
“copy and paste”. 

• The process of inserting into the genome or removing in “cut and paste”, 
transposons can interrupt the normal sequence of DNA, creating gene 
mutations. Or they can deactivate or activate near by genes. 

• Transposons where once thought to be “selfish genes”, but are now 
thought to play a role in building functional parts of the genome, 
increasing variation or variety of antibodies in the immune system. 

• It is also now thought that Bacterium use transposons to transfer genes 
between different Bacterium’s. Thus, those with a mutation that is 
resistant to antibiotics can transfer these “resistant genes” into the DNA 
in their plasmids, then the transposon plasmids are transferred to other 
bacteria, who then transpose again into the bacteria’s main DNA strand. 
Thus spreading resistance to particular antibiotics and speeding up 
evolution. 

Australian Wheat Case Study 
 

• Originally Wheat was grown in the same cycle as European wheat. Due to 
Australia’s different conditions, these wheats (eg. Emmer Wheat) 
produced poor yields, small grains & was affected by heat & rust fungi. 

• William Farrer identified Australian wheat needed to be:  

Disease resistant (rust 
resistant) 

Rapid life cycle before high 
temperatures 

Good quality for baking flour. Drought/acidic soil tolerant 
 

• Thus, Farrer began selectively breeding Indian early ripening, and short 
stemmed (higher yield) wheat to create many cultivated wheat species. 

• Eg. 1910 - “Federation” has early ripening to be rust-escaping. 

Increased 
yield 



 

 

Ancestral Wild Wheat Modern Wheat 

Few, small seed kernels. (low yield) Many, Large seed kernels. (High yield) 

Seeds shed when mature Seeds remain attached (easy harvesting) 

Stems bent easily Strong Stems (easy harvesting) 

Variations in growth/disease resistance Uniformity in fast growth/disease resistance 

Basic chromosome number (n=7) Hexaploid species (6n=42) 
 

• Watson and Waterhouse produced “Gabo” (1945) through selective 
breeding to be rust resistant, high yielding and excellent for bread flour. 

• In 1975 a program offered a rust-testing service and breeding program to 
add rust-resistant genes to farmer’s wheat varieties. 

• In 2009 CSIRO, identified a wheat gene sequence that is rust resistant, & 
will likely be used to produce new varieties of wheat that carry this gene. 



 

 

9.7.7.2 Gene Cloning, and examples 

• Gene cloning allows scientists to make multiple copies of a gene. 

• Plasmids: are additional to normal bacterium DNA. 

• Bacterial Plasmids: are useful for gene cloning and transferring DNA as 
they can be inserted into many different unrelated organisms. 

• An example of Plasmid gene cloning is the production of human insulin, 
where the transgenic bacterium reproduce asexually, and replicate their 
own plasmids, thus serve as biological factories to produce human 
insulin. (see process in 9.7.4.3)  

• Polymerases Chain Reactions (PCR): is a more efficient process. The 
DNA molecule containing the target gene is mixed with nucleotide bases, 
the enzyme DNA polymerase and primers (short nucleotide sequences). 

• The mixture is heated to separate the DNA strands, then cooled so that 
the primers anneal to the ends of the DNA strands to start the process. 

• DNA polymerase synthesis’ the complementary DNA strands. 

• This process double’s the no. of DNA in 2 minutes, and when repeated 
can very rapidly produce multiple copies of the required DNA. (gene 
amplification) 

 



 

 

• Gene Cloning Use: -Producing multiple copies for further analysis or 
research, for example in forensic investigations a sample cell will be 
multiplied to ensure sample is not ruined during analysis. 

- Producing useful protein products, hormones, vitamins and antibiotics. 
- Producing transgenic organisms with desired characteristics, eg. Bt crops.  
 

9.7.7.6 Process of animal cloning, and verification 
 

• Somatic cell nuclear transfer (SCNT): 

• The entire genome from a donor cell is extracted, and starved of 
nutrients so that all genes become active. 

• This DNA is then inserted into an egg cell that has had its nucleus 
removed. The egg cell is then stimulated (sparked) to grow into a cluster 
of cells and is implanted into a surrogate’s mother uterus to develop. 
The offspring is then a clone of the DNA donor. 

• Verification: Scientists can verify if the organism is a clone through DNA 
fingerprinting and DNA sequencing being used to compare the 
offspring’s DNA with that of the Donors. If they are genetically identical 
they are thus a clone. (although mitochondrial DNA will be different) 

9.7.7.3 Difference between Gene Cloning and Whole Organism Cloning  
Gene Cloning Whole-Organism Cloning 

Processes:  
- Recombinant DNA technologies are 
used to replicate the DNA molecules. 
Known genes can be inserted into the 
DNA of a host (eg. bacteria, yeast, 
viruses, plasmids.) 
 

- PCR allows rapid and efficient 
cloning of gene, by amplifying DNA 
sequences in a laboratory.  

- Plants can be cloned using tissue 
culture, where parent cells are 
incubated and grown into whole 
plants. The offspring are likely to be 
identical to the parent plant, and is a 
cheap process. 

 

- Animals are cloned using nuclear 
transfer technology. The process is 
slow, expensive and inefficient. 

Products:  
Multiple identical copies of the gene 
that can be used to produce proteins. 

- A genetically identical offspring. 
- Creation of genetically identical 
population. With increased 
consistency of a trait. 
- Animal clones have poorer health, 
from “wear and tear” of the DNA. 

Note: in exam go into detail of process steps. 



 

 

9.7.7.4 Use of Gene cloning in plants/animals to benefit humans 
 

• Stem Cells: Undifferentiated cells. Either: Tissue specific, induced 
pluripotent or embryonic stem cells. 

• Therapeutic Cloning: Animal cloning performed for the purpose of 
medical treatment or medical research. 

• SCNT: The extracted nucleus from a somatic cell is inserted into an 
unfertilised egg with it’s nucleus removed. The egg is stimulated to grow 
and divide, then instead of being grown into a baby, the growing egg is 
used as a source of stem cells. (uses embryonic stem cells (pluripotent)). 
i.e. if a skin cell nucleus is inserted the cell will act as a skin cell. 

• These stem cells are very beneficial as they theoretically can be used to 
grow replacements for missing and damaged body parts. 

• eg. generate skin for a burn victim. 

• Thus, eliminating organ and tissue shortages, the need for 
immunosuppressive drugs and the risk of organ rejection. 

• Although, often many attempts to create a viable egg are often needed. 
And there are morality issues with the destruction of an embryo. 

9.7.8 – The timing of gene expression is important in the developmental 
process 

 

Embryonic Development: 

• Cell division – organism develops from single-cell (zygote) through 
mitosis. 

• Determination – role of a cell is decided (influenced by position) 

• Induction – cells influence neighbouring cells through chemical messages. 

• Differentiation – similar cells become dissimilar and specialised. 

• Pattern Formation – Morphogenesis (development and organisation of 
body shape, and structure of organism.) 

 

9.7.8.1 Identify the role of genes in embryonic development 
 

• Overall, genes are switched on and off to create cell differentiation. 
(selective gene expression) 

• Patterning: Genes are activated or not activated causing embryonic cells 
to differentiate into body regions. This is influenced by gastrulation 
where the formation of the germ layers: 



 

 

• The ectoderm, endoderm and mesoderm are formed. 

• In these regions as some genes are activated, they produce proteins and 
enzymes which cause activation or deactivation of other genes.  

• These genes are regulatory genes, and many are non-coding genes. 

• Some genes which are activated are structural genes and alter the cell’s 
metabolism and structure.  

• This in turn creates specialised cell types in the differentiated body 
regions & thus creates tissues and organs. 

• The activation of genes to create the process of cell differentiation & 
specialisation is still not fully understood. But it is known that; 

• chemicals diffusing from neighbouring cells, the cells position in the 
embryo & also promoter proteins & terminator proteins all affect gene 
activation and thus gene expression to create embryonic development. 

• Homeotic Genes: control the overall body plan in embryonic 
development of animals and plants. The homeobox is the gene 
sequence that switches other genes on and off. (Hox genes in 
vertebrates & HOM genes in insects). 

Homeobox Gene Examples: 

• Sonic Hedgehog Gene (SHH): plays a crucial role in ensuring all our 
limbs and organs are in the right place. Mutations in this gene are serious 
causing spine like projections in fruit flies, and death in many humans.  

• PAX 6 Gene (think IKEA wardrobes): Critical role in the formation of 
tissues and organs during embryonic development, by turning on other 
genes involved in eye, brain, spinal cord and pancreas formation. 
 

9.7.8.2 Role of gene cascades in limb formation of birds & mammals 
 

• Gene cascades: a domino effect of gene expression. One gene is switched 
on to produce a protein which in turn activates the next gene & so on. 

• Gene cascades of Hox genes results in the development of the body plan 
from anterior-to-posterior in embryos as seen through limb formation. 

• Hox genes are turned on, and the protein produced turns on the next 
gene in the sequence (i.e. gene cascade). When this is repeated the limb 
develops from the base to the extremities, with the specific pattern of 
tissues, bones, muscles, nerves and blood vessels developing. 



 

 

• The undifferentiated forelimb and hindlimb buds develop first from 
gene cascades. There are two organiser regions in the limb bud where 
most cells come from; Apical Ectodermal ridge (AER) (near tip of bud) & 
the zone of polarising activity (ZPA) (near posterior of limb bud). 
Although some cells migrate into the limb bud from the body wall. 

• The AER produces morphogens (protein signals) which turn genes on/off 
to develop the proximal-distal axis of the limb. The ZPA determines 
through gene cascades the anterior-posterior axis of the limb and 
develops the anterior and posterior digits. 

• The cells closest to the ZPA create the three digits in chicken, and little 
finger in humans. The cells furthest away from the ZPA create the 
anterior digit in chickens and human’s thumb. 

• In humans the fingers then form through Cell Apoptosis. 

• Then the limb rotates to make the 3D structure. 
 
 

9.7.8.3 Evidence which indicates the presence of ancestral vertebrate gene 
homologues in lower animal classes. 
 

• Homologue Gene: DNA sequences that are similar (not necessarily 
identical) in different organisms. 

• Molecular biology through DNA sequencing techniques shows that every 
eukaryote studied has similar homologue genes of homeotic genes.  

• These master genes are similar as their homeobox sequence had a 
common evolutionary origin. 

• For example; the mouse and fly have very similar homeobox genes which 
are thus homologue genes. Even though these two organisms are 
different (vertebrate and invertebrate), the genes create a similar body 
plan as seen through the same DNA sequence controls the development 
of the head in the embryos of both organisms. 

• Thus, this reveals common evolutionary ancestry. 

• These homeobox sequences have not changed as nature has evolved 
something that is essential for functioning.   

• The subgroup HOZ genes, is involved in skeletal and neurological  



 

 

structures in vertebrates. The same pattern of HOX genes is found in lower 
animal classes such as molluscs. Thus showing, common ancestry. 
 

9.7.8.4 Evidence from current research about evolution of genes & their 
actions. 
9.7.8.5 Assess the evidence that analysis of genes provides for evolutionary 
relationships. 
 

• Molecular Phylogenetics: Uses DNA sequencing technology to study 
evolutionary relationships, and create phylogenetic (evolutionary) trees. 

• Homeobox genes: A phylogenetic tree represents the divergence of 
different genes in time from the common ancestor of Hox and HOM 
genes. This is evidenced by the similarities in their DNA sequences. 

• Globin gene in an ancestral common ancestor appeared 1100 mya & 
gave rise to the myoglobin gene. Then haemoglobin genes followed 
500mya. Human haemoglobin then diverged 200 mya. The study of the 
differences in amino acids for globin protein between different 
organisms revealed the genetic relatedness.  

This evolutionary pathway was provided by the gene sequence of globin 
genes in different organisms to create an evolutionary pathway.  
Haemoglobin is a highly conserved protein, which means they can be for 
many species, (Not from closely related species) to show their divergence. 

• Molecular Clocks: Mitochondrial DNA changes rapidly and every gene 
shows a specific rate. Thus when comparing the nucleotide sequences in 
the same gene in different species, the comparison of the number of 
mutations allows the understanding of evolutionary pathways to be 
determined. 

Eg. Humans originating in Africa about 100,000 to 200,000 years ago. 

• Homeotic Mutations: Mutations in homeotic genes can cause serious 
abnormality. Thus the study of mutations in homeotic genes shows that 
small mutation can cause a dramatic change in an organism. This suggests 
a mechanism for the evolution of new body structures occurring rapidly 
and supports punctuated equilibrium. 

• Gene Similarity: The PAX -6 gene, and the Sonic Hedgehog gene are both 
seen in vertebrates and invertebrates. Thus showing common ancestry. 



 

 

  

 


