
  

 8 (Molecular Bio)

 
 

… 

Yazeed Hanbali + Mohannad Darras 

Yazeed Hanbali + Mohannad Darras 

 
Belal Azab 



1 | P a g e  
 

This sheet will cover the first online lecture, Human genome. 

Introduction: 

 If you look at different species (human, mice, fruit fly…etc) you can see that the 

number of chromosomes & the gene size varies among them. 

 There is no relationship between the number of nucleotides (the size of the 

genome) & the number of chromosomes. 

 For example, Human's genome size is larger than dog's yet, human has 46 

chromosomes while the dog has 78 chromosomes. 

 Also, there is no relationship between the number of nucleotides (the size of the 

genome) & the level of development. 

 Now let’s focus on the human genome: 

The human genome is made of: 

1. Coding sequences (Exons)  1.5%  

2. Gene related sequences: (pseudogenes + gene fragments 10.5%, introns 24%, 

UTRs 1.5%) 

 Recall that : 
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- UTR (Untranslated region) refers to either of two sections, one on each 

side of a coding sequence on a strand of mRNA. If it is found on the 5’ side, 

called the 5’ UTR, or if it is found on the 3' side, it is called the 3’ UTR. 

- Introns are noncoding sections of an RNA transcript, or the DNA encoding 

it, that are spliced out before the RNA molecule is translated into a protein. 
 

 The difference between introns & UTRs that the UTRs are found in the 

mature form of the mRNA whereas introns are cut through mRNA 

processing. 

 Pseudogenes: sequences that resemble the gene but they aren’t 

expressed, thought to be evolutionary leftovers. 

 Gene fragments are simply pieces of genes that aren’t expressed. 

 

3. Intergenic sequences 62.5% (repeated sequences 51.5%, others 11%) 

Repeated sequences: 

 Large repeats 5%. 

 Simple repeats 2.8%. 

 DNA transposons 2.8%. 

 Retroposons 41%. 

 

Repetitive DNA: 
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Before talking about types of repetitive DNA, let's talk about important characteristic of 

repetitive DNA.   

    

 Tandem repeats: the sequence is repeated back to back one after another. 

 Dispersed repeats: the sequence is scattered across the DNA. 

 

There are two types of repetitive DNA: 

1. Highly repetitive: 

 Example: satellite DNA (Macro-satellite) DNA. 

 Centromere is a repetitive DNA sequence of about 171 bp repeated many 

times after each other which means it's an example of Tandem repeats. 

 Telomere is another example of Tandem repeats it has a (TTAGGG) sequence 

that’s repeated at the ends of all the 46 chromosomes. 

 

2. Middle repetitive:  

        A - Mini-Satellite also known as VNTRs (Variable Number of Tandem Repeats) 

 Length: 20-100 bp. 

 Repeated 20-50 times. 

 VNTRs vary between different people in length (the number of repeats inside 

my DNA is different than the number of repeats inside yours). 
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B - Micro-satellite (short tandem repeats STRs). 

 Length: 2-10 bp (shorter than mini-satellite). 

 Repeated 10-100 times. 

 Notice that the repetitive DNA is non-coding DNA which means that any change 

in the sequence or the number of repeats will have no clinical consequences. 

 

Polymorphism of VNTR and STR: 

 Polymorphism is the differences in DNA sequences between individuals. Typically, 

they are more than 1% in the population. 

 There are thousands of VNTRs and STRs on different regions of chromosomes. 

 They are useful in DNA profiling for forensic testing. 

 

There are two approaches we could use to look at those repeats (VNTRs and STRs): 

1. PCR (Polymerase chain reaction): Where we use specific primers to make millions 

of copies to a region of interest on the DNA (amplification). And then visualizing 

the DNA by using gel electrophoresis. 

 Example: In the figure below CA sequence is repeated along 2 alleles: 

o 16 times in allele 1. 

o 14 times in allele 2. 

We can determine the DNA belongs to whom by putting 2 primers that will cut the DNA 

around the sequence’s region and putting the 2 strands in gel electrophoresis (Allele 1 

will be longer than allele 2).  
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2. Southern blot: DNA isn't amplified rather we take the DNA as a whole and run it 

on the gel. 

Quick revision of southern blot: 

 Extracting DNA from the individual. 

 Cutting it with restriction enzymes. 

 Running it on Agarose gel electrophoresis (with no ethidium bromide 

because it's going to make all of the DNA visible, resulting in thousands of 

bands later, which isn't going to be of an advantage because we are only 

interested in a specific region). 

 Transferring the DNA to a membrane. 

 Adding a sequence-specific radioactive probe to the region of interest. 

 Finally, exposing then viewing the DNA on X-ray film.  

 

Now we can visualize the polymorphism of those repeats (VNTRs and STRs). 

 

In the figure above, in humans for each chromosome we have two copies (homologous 

chromosomes), STRs and VNTRs could vary in number of repeats. For example:  

 The maternal copy could have 10 repeats while the paternal copy has only 3 

repeats in this case we call them heterozygous repeats. And can be seen as two 

separate bands. 

 If both copies have the same number of repeats, we call them homozygous 

repeats. And can be seen as a single thick band. 
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Note: The length of each repeat is the same. What's changing here is the number of 

repeats. In other words, we could have 5 repeats of CGAA sequence in one chromosome. 

But in the other chromosome we still have CGAA sequence but repeated 10 times. 

 

Real example: 

The figure to the right shows family pedigree, 

dot blot and visualization of a VNTR allele. 

Using southern blot we can visualize the number 

of repeats for different individuals of the  

family pedigree. 

 

 

 

Single nucleotide polymorphism (SNPs): 

 Another source of genetic variation. 

 Single-nucleotide substitutions of one base for another. 

 Two or more versions of a sequence must each be present in at least 1% of the 

general population. 

 SNPs occur throughout the human genome – about one every 300 nucleotide base 

pairs. 

- Around 10 million SNPs within the 3 billion nucleotide human genome. 

- Only 500,000 SNPs are thought to be relevant. 

Categories of SNPs: 

1. Linked SNPs: Found outside of genes therefore it has no effect on protein 

production or function. 

2. Causative SNPs: Found in genes, and they are of two types: 

a) Non-coding SNP: Found in Non-coding region that regulate the expression 

of genes these regions are called regulatory sequences. For example 

promoters. 
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b) Coding SNP: Found in coding regions (exons). Changes amino acid sequence 

thus, changes the protein function. It could be disease causing. 

 

Transposons (jumping genes): 

They are segments of DNA that has the ability to cut themselves and move from 

their original position in the genome to a new location. Note that transposons are 

not genes i.e. they don’t code for proteins. They are of two classes: 

1. DNA transposons they make up 2%-3% of human genome. 

2. RNA transposons or retrotransposons they make up 40% of human genome. 

RNA transposons are further divided into: 

1. Long interspersed elements (LINEs). 

2. Short interspersed elements (SINEs). 

Usually transposons aren't disease causing but in rare cases it does, depending on where 

it jumps. 

Diseases often caused by transposons include hemophilia A and B, severe combined 

immunodeficiency, porphyria, predisposition to cancer, and Duchenne muscular 

dystrophy 
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As the figure above shows, there are three possible situations: 

1. Coding region: Transposable element jumps on coding region, this result in protein 

product not functional. And ultimately results in disease. 

2. Regulatory region: Alters the expression of the gene. 

3. Non-coding region: Has no significant effect. 

 

 

Good luck 


