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Enzyme-based molecular techniques:                                            
(Analysis of gene expression and RNA levels) 

We are going to talk about techniques leaded to analysis of gene expression via 

measuring RNA levels.  

1. Basic methods: 
a) Northern blotting: in northern blotting we can know the relative expression of the 

gene by looking at the thickness of the RNA band, besides the size of the RNA 
molecule. 

b) In situ hybridization: here we know relatively the expression of a gene by staining 
the RNA molecule in a tissue section, and we also know where the expression 
takes place in what cells in the tissue section. 

2. Advanced methods: real-time PCR, DNA microarray 

3. Very advanced methods: RNA-seq 

 

First make a complementary DNA (cDNA) 

First RNA must be transferred to cDNA via reverse transcriptase (RT) by these steps: 

1. A primer (oligo deoxy T/ poly T primer) complementary to poly a tail is bound to 
mRNA and then RT bounds to it.  

REMEMBER: Each mature mRNA ends with poly A tail   

2. RT makes a complementary strand to mRNA and copies first cDNA strand by using 
mRNA as a template. 

3. RT degrades the mRNA molecule and synthesizes the second strand, now we have 
double stranded DNA (cDNA). 
 

NOTE: the ratio between mRNA and its cDNA is 1:1, if there are 10 copies of mRNA in a 

cell you make 10 copies of cDNA in the test tube. 
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Quantitative real-time PCR of mRNA 

 This technique of relative quantitation of RNA expression is by converting RNA into 

cDNA and we amplify it using specific primers for these genes, using PCR in the presence 

of SYBR green. (More details in lecture 5) 

 The more cDNA amount there is in the sample the more fluorescence would be and the 

sooner it is detected. And then we quantify the fluorescence that is generated after 

each cycle.  

For example, the sample that starts with 10000 copies (more starting material) would 

be detected earlier than the sample that starts with 100 copies of DNA (less starting 

material). 

So the 1st sample has more gene expression of the gene that we are testing and the 2nd 

one has less, so we can quantify exactly the number of copies, or we can know relatively 

which sample has more mRNA as starting material.  

SYBR green is a chemical that binds to the double stranded DNA and when it binds to it, 

it fluoresces. 

NOTE: Although the amplification occurs in early stages, it is NOT detected because the 

instrument is not sensitive enough to detect very low amount of cDNA. 

 

 

 
This period with no detection 

because the instrument is limited 
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Importance of housekeeping genes: 

Housekeeping genes are the genes that are expressed by the cells all the time  and its 

level is not different according to the environment that cells live in such as actin, tubulin 

which makes microtubules (constant expression). 

When real-time PCR is done using 2 different samples to look at the relative expression 

of a certain gene, we must do analysis of the levels of expression of a housekeeping 

gene to ensure that the amount of starting material (amount of total RNA) in all the 

samples is the same. 

 

 

IL1-Beta :interleukin 1 beta (protein has potent inflammatory effects and induces fever) 

In the first sample, the detection started earlier (in cycle 18) since the second sample is 

detectd in cycle 29 which means that the expression of IL1 is more in sample 1 

REMEMBER : we must have the same amount of starting material , we use 

housekeeping gene to check that. 

 

Detection of SARS-Co-2 

We use this technique to know if someone is infected with corona virus or not, by 

transferring the viral RNA into cDNA using reverse transcriptase and then we do real-

time PCR to it.  
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The sample indicated with the blue arrow has more cDNA molecules starting material 

that is why it is detected first. 

And the sample indicated with the red arrow has less cDNA as starting material that is 

why it is detected last. 

-NC : negative control, that means there is no amplification nor signal. 

The science of –omics 

 The word genome means the total collection of DNAs in a cell, and the science that is 

interested in analysis of all genomic DNA in the same time it is named genomics. All 

cells have the same DNA and the same genes (genome) and to know what genes are 

important to what cells we must look at the mRNA (transcript) 

 Transcriptome is the total collection of mRNAs (transcripts) in the cell, and the science 

that studies the expression of all the genes at the same time is named transcriptomics. 

  Proteomics is the science which analysis and studies the total collection of proteins in 

the cell. 

 Metabolomics is the science which is concerned with the products of enzymatic 

reactions (metabolites). 



5 | P a g e  
 

                    

 

One such method in studying transcriptomes is DNA microarrays, which allow the 

analysis of the RNA products of thousands of genes all at once. 

We can define the transcriptomes as the studying of all active genes (can be 

transcribed) in a cell at the same time. 

By examining the expression of so many genes simultaneously, we can understand gene 

expression patterns in physiological and pathological states. For example, if we compare 

the expression of a certain gene on RNA level in both normal and diseased cases, it will 

allow us to know the responsible genes for certain diseases then we can use this gene as 

a biomarker. 

We can study the whole transcriptome at the same time in many ways such as: 

1. DNA microarray 
2. RNA sequencing 

 

  



6 | P a g e  
 

 DNA microarrays 

 DNA microarrays are glass microscope slides spotted with up to tens of thousands 

of DNA fragments in an area the size of a fingernail. 

 The exact sequence and position of every DNA fragment on the array is known. 

Array means a sequence of something (مصفوفة). 

some videos explaining the technique: 

http://learn.genetics.utah.edu/content/labs/microarray/ 

http://www.sumanasinc.com/webcontent/animations/content/dnachips.html 

 

The square (chip) contains thousands of spots, each spot contains many probes for 

certain gene  

we can have probes for all the 20500 genes arrayed in this chip. 

 

  

 mRNA from the cells being studied is first extracted and converted to cDNA.                          

REMEMBER: the number of mRNA molecules equals the number of cDNAs. 

 The cDNA is labeled with a radioactive probe. 

http://learn.genetics.utah.edu/content/labs/microarray/
http://www.sumanasinc.com/webcontent/animations/content/dnachips.html
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 The microarray is incubated (filled) with the labeled cDNA sample for 

hybridization to occur. 

 If a gene is expressed, then the cDNA will exist and bind to a specific 

complementary DNA fragment (its probe) on the microarray. 

 Binding can be detected since the cDNA is labeled and expression is determined. 
 

NOTE: the probe in this technique is not labelled, but the cDNA is labelled using 

radioactivity. 

If there is no signal this means that there is no cDNA (no mRNA) which indicates that 

the gene is not expressed. 

By comparing the intensity of the signal between the spots you can tell which gene is 

expressed more than the other genes. 

Final result: the relative expression of genes at a certain time point by looking at the 

intensity of all signals.  
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Comparative expression 

Here we compare the expression of all genes in 2 samples at the same time, for example 

(control/normal cells Vs. cancer cells) as you want to know the change in gene 

expression as a result of certain exposure (drug, toxin) and that indicates which genes 

are important for this drug or toxin and how cells handle the presence of it. 

For example, if you are studying cancer cells you can decide which genes are important 

for the transformation of normal cells to cancer cells 

The process of comparative expression 

 We isolate mRNA molecules for each sample and convert them into cDNA. 

 Then we label cDNA molecules with fluorescence. For sample 1 we label cDNA 
molecules using red fluorescence and sample 2 with green fluorescence. 

 After that we combined the 2 samples and add them into the microarray. And 
every cDNA binds to its probe, and there is sort of competition between red and 
green cDNAs. 

a) If gene expression is not different in these 2 samples, it means that the 
number of mRNA molecules in both samples is the same form this gene 
(cDNA would bind equally to a certain spot) and it will generate equal 
amount of red and green fluorescence and it will give us a yellow color. 

b) If gene expression is more for a certain gene in sample 2 (more mRNA or 
cDNA in this sample), there will be more green fluorescence in a specific 
spot than red fluorescence. And vice versa.  

c) If the gene is not expressed in both samples (no mRNA or cDNA), there will 
be no signal  

 This technique is generated by the computer 
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    in this example we use the previous technique to compare the expression between 

bacterial genes of cells from 2 mediums.    
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What is important here is the bioinformatics (analysis of results), which is computer 

generated, and it can do thousands of samples. 

Here computer clusteres samples together. For example, there are 3 patients with liver 

cancer and it could not be the same, that the cancer in these patients may be different 

and contain different mutations, or they could behave differently (one liver cancer may 

respond to treatment and the other would not respond). 

Why? Because their molecular profile (pattern of gene expression) is different, and that 

is what determines the behavior of cells. 

The computer group diseases that look the similar histologically or by name into 

different groups according to their molecular profile. 

In the example above every sample contains 9 genes, and each color indicates certain 

level of expression, for example the red color means over expression and green means 

down regulation for a particular gene and yellow indicates equal expression and black 

indicates no expression. 

So here the computer groups all the samples and cluster the samples and eliminate the 

samples that are similar or not expressed (not informative) in all samples.  



11 | P a g e  
 

So it tells me that the molecular profile in samples 1 &3 is the same and they are 

different from sample 2. Which gives us indication how to handle these different 

cancers and what treatment should the patients take. 

DNA microarrays and breast cancer 

 
This is a real example for breast cancer, all the samples are taken from all the patients in 

the left of the image, and these genes are the relevant (important) genes that are 

considered. 

The computer puts the patients in the blue circle together because they have almost the 

same molecular profile, and the patients in the orange circle together.  

The scientists found, by going back to clinical profile for the patients, that the patients in 

the blue circle have poor outcome and their cancer is more aggressive and they need 

more extensive therapy, whereas the patients in the orange circle have good outcome 

and their cancer is less aggressive and can be treated gently. 

And all of this is based on gene expression. 

So when patients come into the clinic with cancer, scientists look at the gene expression 

and they see what is the pattern of gene expression the tumor has, so they determine 

what type of therapy is needed. 
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RNA Sequencing: 

This technique carried out a revolution in molecular biology and medicine. 

There was a widely held belief that 98.5% of human genome is junk DNA (outcome of 

human genome project) until many techniques appeared such as next generation 

sequencing (lecture 4) and RNA sequencing (this lecture) and disapproved that. 

Cellular RNA (all types of RNA not mRNA only) is reverse transcribed to cDNAs, then 

next generation sequencing technique is applied. 

REMEMBER: the number of mRNA molecules equals the number of cDNAs. 

Importance of this technique: 

1. Knowing the identity (sequence) of cDNA. 
2. Quantification of cDNA thus quantification of RNA.                      

                                              

RNA-seq can be used to: 

1. Characterize novel transcripts. (Discovering new genes) 
2.  Identify splicing variants of the same gene. 
3.  Profile the expression levels of known transcripts. 

Microarrays are limited to detect transcripts corresponding to known genomic 

sequences. 

That means in microarrays, we must have information about DNA to add probes. 

However, RNA-seq can be used even on unknown gene. 

 


