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„Nucleotide bioinformatics III“
Retrieving nucleotide sequences from databases (Genbank/NCBI)

Feature analysis: statistics, reverse complement, restriction analysis

Translation, identifying open reading frame

PCR primer design - detection, rt-PCR

Secondary structure prediction

Sequence comparison, unknown sequence identification

Single Nucleotide Polymorphisms

DNA sequencing

Gene expression

microRNA

Genomes….

….



Polymerase chain reaction
Polymerase chain reaction (PCR) amplification of required gene, between two primers

„End point“ detection

Polymerase chain reaction (PCR) (article) | Khan Academy

https://www.khanacademy.org/science/ap-biology/gene-expression-and-regulation/biotechnology/a/polymerase-chain-reaction-pcr


Polymerase chain reaction
Amplification of required gene for cloning, functional studies…

Product:  various length, between two primers

Primers: manual design 

-forward-check by OligoCalc

-reverse -from reverse complement sequence and check by OligoCalc) 

„End point“ detection

Polymerase chain reaction (PCR) (article) | Khan Academy

https://www.khanacademy.org/science/ap-biology/gene-expression-and-regulation/biotechnology/a/polymerase-chain-reaction-pcr


Polymerase chain reaction
Specific gene detection

Primers:       anywhere along the sequence !

Product: 200 - 500nt (good separation for detection of length)

But primers: must be specific for tested organism → BLAST

mRNA NQO15´ 3´



Specific gene detection
Gene detection
• Specificity matters! (Primer BLAST!)



Specific gene detection
Gene detection
• Specificity matters! (Primer BLAST!)



Specific gene detection
Gene detection
• Specificity matters! (Primer BLAST!)

when CDS displayed



Specific gene detection
Gene detection
• Specificity matters! (Primer BLAST!)

Only human sequences

√



Specific gene detection
Gene detection
• Specificity matters! (Primer BLAST!)



Specific gene detection
Gene detection
• Specificity matters! (Primer BLAST!)



Design primers specific to detect your sequence using
„pick primers“ 
(and BLAST).

(Hw) Align the primers designed by the program (Pick 
primers) with your CDS and mRNA

Practical part….



Primers verification
F:TGCTTACACTTACGCTGCCT

R:CCAGGCGTTTCTTCCATCCT

Verify if the primers can be used for detection of NQO1 (NM_000903.3) (use multalin)

https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=1519241811


Primers verification
F:TGCTTACACTTACGCTGCCT

R:CCAGGCGTTTCTTCCATCCT

Verify if the primers can be used for detection of NQO1 (NM_000903.3) (use multalin)

https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=1519241811


Primers verification – control

Insert primers as they are (no R-reverse complement)



Primers verification – control



Restriction analysis
Restriction endonucleases (molecular scissors)

◦ cleaves both strands in specific symetric site – palindrom

◦ creating blunt or cohesive ends

◦ usage for DNA fragmentation, restriction analysis of mutations, cloning, etc.

https://www.youtube.com/watch?v=piGOuud3f40

https://www.youtube.com/watch?v=piGOuud3f40


Restriction analysis



Practical part 

Analyze your sequence for presence of RE target sites
- check REs from multiple cloning site of vector:

HW: EcoRI, XbaI, BamHI



Cloning-Fragment analysis
= restriction simulation (what can be expected on the agarose gel after separation

Program SMS: „Restriction digest“



Cloning-Fragment analysis

NQO1:CDS-restiction summary

NQO1:CDS-restiction digest

EcoRI

NQO1:CDS  (825nt) NQO1:CDS  (825nt)
A:    414+ 411nt B:   602+ 223nt



Cloning-Fragment analysis

NQO1:CDS-restiction digest

NQO1:CDS  (825nt)

EcoRIHpaII

C:  414+ 188+      223nt



Cloning-Fragment analysis

NQO1:CDS-restiction digest

NQO1:CDS  (825nt)
A:  273+ 541+ 11nt



Cloning-Fragment analysis

NQO1:CDS-restiction digest

NQO1:CDS  (825nt)

EcoRIHpaII AluIAluI

D:273+           141+      188+    212+        11nt

D



Practical part
- Using Restriction summary find RE which cuts you
sequence 1x and another that cuts 2x

- simulate restriction in Restriction Digest what will you see
on the gel after such digestion?



Homework 8
Work with „your“ nucleotide sequence.

1) Find primers for the detection of your gene that would be specific (other 
transcript variants allowed).

2) Check the primers by multalin (CDS,mRNA and F, R)

3) Find out if and how many times cut your CDS following REs: EcoRI, BamHI, XbaI

4) Find out an REs that cut just once and on that cuts twice. Simulate the 
restriction digest of your CDS by both enzymes, what will be the products?
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