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Understandings: 

1. Explain how gel electrophoresis works and its use.  

-  This is merely a technique to separate DNA fragments according to size and charge. Small 

fragments are put in a conducting medium with different charges at opposite ends. Then the 

lighter fragments will travel longer than heavier ones. Charge also plays a role but not as 

much as size.  

Since all DNA molecules are negative, we predict that they will move to the positive side.  

 

 

 

 

 

 

 

 

 

 

 

 

2. Explain the use of PCR.  

- As we have discussed earlier in chapter 2.7, PCR is to amplify a specific sequence of the 

DNA, not the whole DNA!  

One use of PCR is to check if certain organisms are genetically modified.  
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3. Explain DNA profiling. 

- DNA profiling is an application of the gel electrophoresis and PCR combined!  

Basically, what it does is that it compares the DNA and identifies the profile of the individual, 

hence the name DNA profiling.  

1. Evidence or sample DNA is collected.  

2. The area of interest from DNA is copied by PCR.  

3. DNA is cut into fragments by restriction enzymes. But one could then wonder which 

fragments of DNA we actually cut? I mean, our genes are quite alike since the proteins we 

produce are very identical. So, the areas we concentrate on are short tandem repeats. These 

are a part of junk DNA and here, things go crazy. A sequence can repeat a number of times, 

and this has huge variety in individuals (at least more than alleles in genes). So we cut those 

tandem repeats and those are the ones we separate according to size.   

4. Now we use gel electrophoresis so separate them! Why do we separate them you might 

wonder? Well, simply, this enables us to look at the components of the DNA which makes us 

easier to compare the genes with other individuals.  

5. The result of electrophoresis is a pattern of stripes (the DNA fragments) and this is the 

profile of the individual.  

 6. It is now ready for comparison. Find out who is the real culprit!  

 

 

 

4. Explain what genetic modification is and its purpose.  

- So what is genetic modification? Well, what does it sound like? Simply, you modify the 

genes! 

When we want certain organisms to code for a certain protein, we can add or change their 

DNA. It is extremely crucial why this is possible.  

Genetic modification is possible because the map of codons that codes for different amino 

acids is universal. If you don’t remember what the map of codons and its corresponding 

amino acids are, look at chapter 2 somewhere, or chapter 7 somewhere.  

An example where we genetically modify is on crops, known as GMO (genetically modified 

organisms). Although there is much controversy around this, which we will discuss later, it 

gives us favorable traits like resistance against pests, color, size, etc.  
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5. Explain what cloning is.  

- Cloning is when you copy the genetic material of a parent cell into a daughter cell. Guess 

what? Mitosis is a form of cloning! Its daughter cells are identical to parent cells.  

However, cloning is more used in the context of artificial copying. But we can also relate 

cloning to twins which is not artificial. Identical twins are not completely identical such as 

fingerprint, thus we call them monozygotic because they came from 1 zygote.  

But the big picture is that cloning is an umbrella term for deriving a daughter cell that is 

genetically identical to its parent cell.  

6. Outline some natural methods of cloning.  

- We have mentioned twins/triplets/quadruplets as a form of “natural cloning”. However, 

there are more.  

Garlic bulbs (the small components in garlic) are all genetically identical.  

Strawberry plants can extend into a new section horizontally like shown in picture. So a 

healthy strawberry crown can produce up to 10 genetically identical new strawberry plants! 

Hydra (micro small invertebrate) clones through process called budding.  

Aphids (insects living on leaves,) produce offspring through mitosis. Yes, no meiosis at all! 

Wut?! 

This is a strawberry plant. Yum.  

 

 

 

 

 

7. Explain how animals can be cloned at embryo stage.  

- Embryos can be cloned when they are split/fragmented during the development when all 

cells are still pluripotent.  

This happens naturally in twins. However, it is possible to do this artificially.  

This comes in handy for IVF. When a mother cannot bear a child, a surrogate mother could 

have the cloned embryo in vitro inserted.  

The disadvantage is that we do not know whether these embryos have favorable 

characteristics.  
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8. Explain how animals can be cloned at adult stage.  

- When embryos become adults, characteristics become clearer. However, it is much more 

difficult to clone. Why? This is because the cells are now differentiated hence does not have 

the potential to become any tissue. Hence these cannot develop independently.  

So how can we clone them? A scientist John Gurdon solved this problem. He basically 

extracted the nucleus of the desired parent cell and swapped it with the undifferentiated 

cells of the same species.  

Applications and skills: 

1. Explain the use of DNA profiling.  

- DNA profiling is mostly used for forensic investigations (crime) and determination of 

paternity.  

For that, we can use blood stains, hair, semen, etc.  

For forensic investigations, you are basically searching for the exact match of gene bands. 

However, if you want to check the paternity, one has to have a mothers, fathers and a child’s 

DNA since child inherits mix of parents DNA. Thus the child’s DNA cannot be identical 

completely to mothers or fathers, but should contain sequences of same pattern from mom 

and dad. 

If 1 more bands are not identical to mothers or fathers, one of the parents must be not their 

parent.  
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2. Explain techniques for gene transfer to bacteria.  

- We have previously learnt that bacteria use plasmids for information exchange. That is 

exactly what scientists are exploiting.  The process is therefore straightforward. 

1. We extract plasmid from bacteria.  

2. We use restriction enzymes, aka endonucleases, to cut out specific places on the gene.  

Now we have sticky ends where we can insert DNA.  

3. We extract a desired gene from 

animals, say gene for insulin.  

4. We combine the plasmid with 

sticky ends together with gene for 

insulin, all aided by DNA ligase.  

Note on the picture that we do not 

remove a sequence from the 

plasmid. We just insert without 

removing.  

But without moving further, let’s 

look closely at step 3. How on earth 

do we extract a gene from animals 

without removing it? Well, we have 

easy access to the mRNA rather 

than the DNA itself. Then what we 

can do is that we can reverse from 

RNA to DNA with reverse 

transcriptase. That product is called 

cDNA or complementary DNA.   

Another reason why we use mRNA is because bacteria do not have introns. They simply 

cannot remove/splice the introns and only have coding genes exons. Thus by using mRNA we 

can get a pure or “mature” DNA sequence to insert.  
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3. Evaluate the risks of GMO.  

- We can evaluate in three perspectives: Environmentally, health, and agriculturally. 

 Environmental Health Agricultural 

Pros Plants have been more pest-

resistant. This leads to fewer 

insecticides hence less harm 

to insects.  

 

Less fuel since not much care 

is needed as before.  

 

 

Reduce waste, and increase 

land effectivity.  

Nutrition values can 

be improved.  

 

 

 

Reduce naturally 

occurring allergens or 

toxins.  

 

A key to edible 

vaccines. No needles! 

Improved resistance to 

drought, cold, salinity. A 

crop that can be planted 

throughout the year. 

 

Resistance to herbicide. 

Only weeds will die.  

 

 

Plants resistant to viruses.  

Cons The ecosystem might be 

disturbed and affected.  

 

 

 

 

Resistance to plants might 

develop as well, creating a 

super-weed.  

 

Decreased biodiversity. 

Proteins of inserted 

genes might have 

negative effects on 

humans. Allergy.  

 

 

Speeds up the 

antibiotic resistance.  

 

 

Mutations can 

happen that were not 

expected.  

Unwanted plants or 

products always happen, 

but since all are herbicide 

resistant, it is hard to filter 

out. 

 

Resistance of pests increase.  
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4. Explain the method used to clone embryos by somatic cell nuclear transfer.  

- The first successful cloning was on the sheep Dolly. They used a method called somatic cell 

nuclear transfer.  

Three sheep were used for this “experiment”:  

A donor sheep Dolly, another sheep for the egg and surrogate mom.  

1. Somatic cell (in this case udder/breast cell) is extracted. Note that this is a diploid.  

2. Egg cell from another sheep is extracted.  

3. The nucleus from udder cell replaces the haploid nucleus in egg cell.  

4. The egg cell with now diploid nucleus will think that it is fertilized. This fertilized egg is 

placed in surrogate mother.  

5. The egg becomes a lamb. Congrats, you have another Dolly.  

5. Be able to analyze DNA profiles.  

- Yes, very much is explained above in application 1.  

6. Be able to analyze the risk of monarch butterflies due to Bt corn.  

- Basically, corns in US and UK have been genetically engineered with a gene that codes for 

Bt toxin which is an insecticide that targets: butterflies, moths, flies, beetles, bees and ants.  

The Bt toxin is produced all over the plant’s structure, including pollen. Therefore, non-

target insects might die due to this air travelling pollen. An example is monarch butterfly.   

That they are affected has been experimented and verified. So you should be able to do that 

as well! 
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7. Design an experiment to investigate one factor that affects the rooting of stem-cuttings.  

- Stem-cutting is a simple, yet a profound process that enables us to clone a plant. But in 

order to exactly understand how this works, we need to know some plant anatomy.  

Stem – it is the stalk of the plant.  

Node – this is the divergence where the leaf is 

growing.  

That is all we have to know basically xD.  

Now, we can discuss the process. It is also very 

simple.  

1. A section of a plant is cut (with stem), 

somewhere below the node.  

2. Remove some excess leaves, because the 

lower third is going to be buried.  

3. Now, the objective from now on is to grow the 

roots. It can be done through precise conditions. 

One of them is moist, uncluttered (airy) compost 

(soil). In addition, a porous plastic bag can 

prevent drought.  

4. It can take some weeks. If you see new leaves, it is an indication of success.  

While doing the experiment, there are some factors that could be tested. It can be: 

1. Position and length of cutting.  

2. How fast you were to put in compost after your cutting (stem hardens otherwise).  

3. Number of leaves left.  

4. Medium of habitation. Is it water or compost? With plastic bag or without and nr of holes? 

5. Temperature.  

Remember that independent variable and dependent variable depends on the factors above.  

TOK: 

1. The use of DNA for securing convictions in legal cases is well established, yet even 

universally accepted theories are overturned in the light of new evidence in science. What 

criteria are necessary for assessing the reliability of evidence? 


