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:Keep in mind 

 DNA: double-stranded nucleic acid. 

 Chromosome: long strand of functional DNA. Either circular as in 

prokaryotes or linear as in eukaryotes. 

 In eukaryotes, chromosomes are complexed with histone 

proteins, forming chromatin. Can be either chromatosome or 

nucleosome.                                                                

Chromatin=Functional DNA + proteins. 

 Histone proteins appears as beads that has DNA coiled around 

it and it has a stretch of free DNA. Forming a whole unit that is 

called a nucleosome.                                                       

Nucleosome=Histone with DNA coiled around+free (linker) 

DNA 

 When DNA is packaged tightly, the DNA-Histone complex will 

be also associated with H1 protein WITHOUT LINKER DNA. 

Forming a unit that is called a chromatosome.  

 
Chromatosomes are connected to each other when the linker DNA, of 

one chromatosome, binds to the linker histone of another chromatosome. 

-Wikipedia  

DNA & protein molecules can be denatured. 

covalent -nonhappens when a molecule (like DNA or protein) loses all the  Denaturation

interactions within the molecule and therefore losing its structure. Can be done using a 

denaturing factor. (e.g. heat) 

 In the case of DNA, denaturation occurs when the hydrogen bonds between the 

nitrogenous bases are lost. 

Once the denaturing agent is removed, the two newly formed complementary single-

stranded DNA will come back and form a double-stranded DNA in a process called 

renaturation. 

Renaturation is reformation of hydrogen bonds. 

Suppose that we took a sample of human DNA and a separate sample of mouse DNA and 

then denatured them to single-stranded human DNA and single-stranded mouse DNA. 

Then we mixed them and removed the denaturing agent. What would happen? 

  Chromatosome 

https://en.wikipedia.org/wiki/Linker_DNA
https://en.wikipedia.org/wiki/Linker_histone_H1_variants
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We would get the following results: 

1. Double-stranded human DNA. 

2. Double-stranded mouse DNA. 

3. Double-stranded mouse and human DNA. A process called hybridization. 

(one strand human, one strand mouse) 

Why can we get the last result? 

- It turns out that our DNA and genes on our DNA are very similar to other species 

such as mice, bacteria, flies, yeast and so on. 

And since both DNAs consists of the same bases, they can be complementary to 

one another and therefore they can form a hybrid. 

A hybrid is something that is formed from two different 

things.  

Hybridization  is the combination of two single-stranded 

DNA from two different sources. 

Hybridization occurs as long as the different strands are 

complementary. 

Do the strands used in hybridization have to be 100% 

complementary? 

- No, it does not have to be. We can have regions 

where it is not complementary. As long as there are enough hydrogen bonds 

formed between the two strands, we can have the formation of a hybrid DNA. 

(Imperfect hybridization) 

Hybridization techniques: 

Hybridization techniques are based on the concept of a probe. 

A probe in general means to ‘search’ for something specific. 

In molecular biology, a probe is a short, single-stranded DNA (oligonucleotide) that is 

around 20 nucleotides long that can be synthesized in the laboratory.  
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The probe can be either RNA or DNA. 

Firstly, we label the probe with a fluorescent tag or a radioactive tag that emits light 

or a signal. 

Secondly, we add millions of probes to a sample containing long DNA strands (whole 

chromosomes). 

Finally, the probes will compete with the complementary strands to form hydrogen 

bonds with one of those strands. 

 How? 

Recall that hydrogen bonds are reversible. 

And because we have a lot of probes, they win in the competition of forming hydrogen 
bonds with the strand that is complementary to the probe. 

Therefore, a piece of a probe can form hydrogen bonds with one strand of the DNA 
molecule as long as it is complementary to the probe. 

 If a probe hybridizes to the 

large DNA fragment, it means 

that this large DNA fragment 

contains a complementary 

sequence to the probe. 

The probe method only tells us the complementary sequence that binds to the probe. 

NOT the whole DNA sequence.  

 

 

 

 

 

 

 

 

 

 

:Note 

Only the region that is complementary to the strand will become 

single-stranded and bound to the probe. Not the whole double-helix. 
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Hybridization can be non-specific. 

How can we facilitate perfect hybridization or imperfect hybridization? 

- Through experimenting with different factors such as temperature, ionic strength 

of the DNA solution, presence of destabilizing agent, and G=C content. 

- We can allow ONLY perfect hybridization to occur or both perfect and imperfect 

hybridization to occur depending on how we change the previous factors.  

 

 

 

 

 

G 

We can take a special piece of paper and place different genomes of different species 

(human, bacteria, monkey, fly, mice, etc..) in different places of the paper. 

We then create a probe that we know the sequence of and we want to know whether the 

human DNA, bacterial DNA, monkey’s DNA contains a complementary sequence to the 

probe. 

We put the probe in the solution of each species DNA and it is mixed with it. If there is a 

sequence that is complementary to the probe, the probe will bind (hybridize) to it. 

We then remove all the unbound probes and determine whether there is a signal or not. 

IF YES: There is a sequence in the genome that is complementary to the probe. 

IF NO: There is no sequence in the genome that is complementary to the probe. 

 

 

 

 

Mouse Human Bacteria 

Yeast 

Monkey Fly Hamster 

Pig Elephant 
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Dot Blot 

We take a special piece of paper and we add a DNA sample to it, and then we 

mix in a probe with a known sequence. If the probe binds to the DNA, there is 

a sequence in the DNA that is complementary to the probe. 

 

Some concepts to know: 

1. Pedigree  The family tree of inheritance of a certain gene. 

 

2. Alleles  The type of gene that you have. 

Remember that on the same homologous chromosome we have genes from the 

father and from the mother. They can be the same genes or different genes. 

 

e.g. if the father has brown hair colour and the mother also has brown hair colour, 

their child will have brown hair colour. 

 

Allele is a genotype that determines a phenotype. 

Our genome contains 21,000 genes. 

  

Genes can have no alleles, one alleles, or 

multiple alleles. 

3. Oligonucleotide  a short sequence of nucleic 

 acids (probe). 

 

            

 

 

 

 

نَساَن فِي َأْحَسِن تَْقِويم   )4(   َلَقْد َخَلْقَنا اْْلِ

B: brown eye colour allele. 

b: blue eye colour allele. 
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Allele Allele 
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First Generation 

Second Generation 

Affected with a 

certain gene 

Unaffected with a certain 

gene. 

                                                                                                                                                                                           

    

 

 

 

 

 

Filled circle/square: affected with a certain gene. 

Empty circle/square: unaffected with that same certain gene.  

ASO: allele-specific oligonucletide. 

We use an oligonucleotide (ASO) to 

detect a specific allele.  

In the figure, we are looking for 

normal (good) alleles and mutated 

(bad) alleles. 

Notice that the parents are healthy 

(normal). However, one of their children is affected by a mutated allele (the coloured 

female).  

How? 

Both parents have 2 alleles for cystic fibrosis, one is the normal allele, and the 

other is the mutated (CF-causing) allele. 

When the normal allele is present, it is dominant and therefore the bad (CF-

causing) allele has no effect.  

The affected individual has inherited  

the bad allele from the father and  

bad allele from the mother. 

 

 

 

Father Mother Male 1 Female 2 

Female 1 
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We use 2 probes. One for the good allele, and one for the bad allele. 

We allow ONLY perfect hybridization to take place. 

We put the DNA of the father, mother, children on 2 separate pieces of paper. 

We mix in the normal Allele-specific oligonucleotide ASO (probe that detects the 

normal allele) with the first paper. And we mix in the probe that detects the DNA 

that has the deletion (abnormal) with the second paper. 

 

Both the normal ASO and the abnormal ASO has been detected in the parents. 

Meaning that both the father and the mother are heterozygous (carries both 

normal and abnormal alleles) and so do female (2). 

Male (1) only has the normal allele. 

Female (1) only has the abnormal allele. Therefore, she suffers from cystic fibrosis. 

 

Southern blotting 

Scientists wanted to take advantage of both gel electrophoresis and dot blot. 

Firstly, they broke the DNA into smaller pieces. 

Secondly, they let the DNA fragments get separated according to size through gel 

electrophoresis. 

 (large DNA fragments move slowly, while small DNA fragments move quickly).  

Thirdly, we transfer the DNA fragments from the gel to a piece of special paper so 

that the piece of paper looks exactly like the gel. (large fragments on top, small 

fragments on bottom) 

We then add the probe. The probe will hybridize to the DNA fragment that 

contains the sequence that is complementary to the probe. 

The southern blotting technique is used to determine: 

i. Whether or not the DNA fragment contains a segment that is 

complementary to the probe. 

ii. The size of the DNA fragment that the probe hybridized to. 

 

Southern blotting is an old technique. 
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Not all of the probe nucleotides have to bind to the complementary sequence.  

Depending if we want perfect or imperfect hybridization. 

 

 

 

Useful videos: 

i. Hybridization 

https://www.khanacademy.org/test-prep/mcat/biomolecules/dna-

technology/v/hybridization-microarray 

ii. Dot blot technique 

https://www.youtube.com/watch?v=a8a2-QYyS1s 

iii. Southern blot technique 

https://www.khanacademy.org/test-prep/mcat/biomolecules/dna-

technology/v/southern-blot 

 

 

REMEMBER 

Only focus on the main idea. Don’t waste too much time on details as they are not 

required as the doctor said. 

 

 

 

 

 

 

Thank You. 

https://www.khanacademy.org/test-prep/mcat/biomolecules/dna-technology/v/hybridization-microarray
https://www.khanacademy.org/test-prep/mcat/biomolecules/dna-technology/v/hybridization-microarray
https://www.youtube.com/watch?v=a8a2-QYyS1s
https://www.khanacademy.org/test-prep/mcat/biomolecules/dna-technology/v/southern-blot
https://www.khanacademy.org/test-prep/mcat/biomolecules/dna-technology/v/southern-blot

