
Genetics Engineering (Zoo-455) 
Lecture-2 



Can we mix genes from one creature to another? 

Mixing genes for medicine… 

 Allowing organisms to produce new proteins 

bacteria producing human insulin 

bacteria producing human growth hormone 



How do we do mix genes? 

 Genetic engineering: 

1. Find the gene (NCBI database) 

2. Cut the DNA in both organisms 

3. Paste gene from one creature into other 
creature’s DNA 

4. Insert new chromosome into organism 

5. Organism copies new gene as if it were 
its own 

6. Organism reads gene as if it were its 
own 

7. Organism produces NEW protein:  
Remember: we all use the same genetic 
code! 



Cutting DNA: 

 Enzymes that cut DNA 

 Restriction enzymes: 

o Used by bacteria to cut up DNA of attacking viruses 

o EcoRI, HindIII, BamHI 

o Cut DNA at specific sites 

o Enzymes look for specific base sequences 

GTAACG▼AATTCACGCTT 
CATTGCTTAA▲GTGCGAA 



How do you cut the gene of interest by restriction enzyme? 

 Primers design for cloning 

 PCR Amplification using Phusion High Fidelity PCR Master Mix 

 Loading of PCR product onto agarose gel electrophoresis 

 DNA isolation from agarose gel 

 Digestion of PCR inserts by restriction endonucleases 



 It is a short oligonucleotide sequences, which complement to the target sequence and 

bind to the single-stranded DNA. 

 It has a restriction enzyme site to the 5' end of the forward and reverse primers  

 Taq DNA polymerases start replication at the 3’-end of the primer, and copies the 

opposite strand.  

What is a Primer for cloning?  





Primer Design Guide for cloning: 

 Design two primers: forward primer and reverse primer from 5' end to 3' end. 

 The length of typical primers: from 18 to 24 nucleotides. 

 GC content: design primers that contain between 40% and 60% GC. 

 Melting Temperatures (Tm): the primers should be selected from 55°C to 60°C .  

 Annealing Temperatures (Ta)= Tm - 5  

 The two primers should be to have similar melting temperatures.  



 The forward and reverse primers design in a 5'---3' orientation and contain a start codon 

(ATG) in the 5' primer and a stop codon (TTA) in the 3' primer.  

 Use the following program to calculate the Tm for each primer 

http://biotools.nubic.northwestern.edu/OligoCalc.html 

 Use the following program “Reverse Complement” to convert a DNA sequence into its 

reverse (https://www.bioinformatics.org/sms/rev_comp.html) 
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What is the tool that can predict restriction enzyme sites for the 
DNA cloning? 

 Use the NEBcutter -- A restriction analysis tool (https://nc3.neb.com/NEBcutter/) to predict 

restriction enzyme sites for the DNA cloning. 

 Enter a DNA sequence, or select from other options, to identify cut sites. 

 Press submit.  

 Choose a restriction enzyme that has a Zero cutter 

 Add restriction enzyme sites to the 5' end of the forward and reverse primers before the 

CDS sequence.  

 Add bases a couple of bases (GTG) to the 5' end of the primers to preserve restriction site 

during PCR.  
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Practice exercises on primer design for cloning 

Question 1:  

Design your cloning primers for the CDS of the human ACTB gene, after following the given 

criteria: 

1) the length of each primer is between 18-22 bp 

2) each primer must contain 50-60% GC content 

3) the Tm of both primers is nearly identical 

4) zero cutter of a restriction enzyme  

5) add restriction enzyme sites to the 5' end of the forward and reverse primers  

6) add bases a couple of bases (GTG) to the 5' end of the primers  

 (ساعة) :فردي نشاط



Procedure of primer design for DNA cloning:  

1) Switch the computer on and click on the internet explore icon. 

2) Go to http://www.google.com, then type National Center for Biotechnology Information 

(NCBI). 

3) On the NCBI page, click on Gene from the Popular Recourses menu. 

4) Enter the gene name, which is looking for and type of human organism (Homo sapiens). 

Then, click on search. 

5) Click on the correct gene, then click on the CDS code, which is in front of consensus CDS. 

6) Copy the CDS sequence of the gene and paste it on a new file of word document. 



Nucleotide Sequence for CDS of ACTB gene ( 1128 nt( 

 
ATGGATGATGATATCGCCGCGCTCGTCGTCGACAACGGCTCCGGCATGTGCAAGGCCGGCTTC

GCGGGCGACGATGCCCCCCGGGCCGTCTTCCCCTCCATCGTGGGGCGCCCCAGGCACCAGGGC
GTGATGGTGGGCATGGGTCAGAAGGATTCCTATGTGGGCGACGAGGCCCAGAGCAAGAGAGGC
ATCCTCACCCTGAAGTACCCCATCGAGCACGGCATCGTCACCAACTGGGACGACATGGAGAAA
ATCTGGCACCACACCTTCTACAATGAGCTGCGTGTGGCTCCCGAGGAGCACCCCGTGCTGCTGA
CCGAGGCCCCCCTGAACCCCAAGGCCAACCGCGAGAAGATGACCCAGATCATGTTTGAGACCT
TCAACACCCCAGCCATGTACGTTGCTATCCAGGCTGTGCTATCCCTGTACGCCTCTGGCCGTACC
ACTGGCATCGTGATGGACTCCGGTGACGGGGTCACCCACACTGTGCCCATCTACGAGGGGTATG
CCCTCCCCCATGCCATCCTGCGTCTGGACCTGGCTGGCCGGGACCTGACTGACTACCTCATGAA
GATCCTCACCGAGCGCGGCTACAGCTTCACCACCACGGCCGAGCGGGAAATCGTGCGTGACATT
AAGGAGAAGCTGTGCTACGTCGCCCTGGACTTCGAGCAAGAGATGGCCACGGCTGCTTCCAGCT 

CCTCCCTGGAGAAGAGCTACGAGCTGCCTGACGGCCAGGTCATCACCATTGGCAATGAGCGGTT
CCGCTGCCCTGAGGCACTCTTCCAGCCTTCCTTCCTGGGCATGGAGTCCTGTGGCATCCACGAAA
CTACCTTCAACTCCATCATGAAGTGTGACGTGGACATCCGCAAAGACCTGTACGCCAACACAGT
GCTGTCTGGCGGCACCACCATGTACCCTGGCATTGCCGACAGGATGCAGAAGGAGATCACTGCC
CTGGCACCCAGCACAATGAAGATCAAGATCATTGCTCCTCCTGAGCGCAAGTACTCCGTGTGGA
TCGGCGGCTCCATCCTGGCCTCGCTGTCCACCTTCCAGCAGATGTGGATCAGCAAGCAGGAGTA

TGACGAGTCCGGCCCCTCCATCGTCCACCGCAAATGCTTCTAG  
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Questions? 


