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Cloning

* DNA cloning and recombinant DNA (video) | Khan Academy

https://www.khanacademy.org/science/ap-biology/gene-expression-and-regulation/biotechnology/v/dna-cloning-and-recombinant-dna


Cloning
Steps:

1) amplification, restriction and ligation

2) transformation

3) selection

4) …



Cloning of desired products (gene)

>NM_000903.2:192-1016 Homo sapiens NAD(P)H quinone dehydrogenase 1 

(NQO1), transcript variant 1, mRNA 

ATGGTCGGCAGAAGAGCACTGATCGTACTGGCTCACTCAGAGAGGACGTCCTTCAACTATGCCATGAAGG 

AGGCTGCTGCAGCGGCTTTGAAGAAGAAAGGATGGGAGGTGGTGGAGTCGGACCTCTATGCCATGAACTT 

CAATCCCATCATTTCCAGAAAGGACATCACAGGTAAACTGAAGGACCCTGCGAACTTTCAGTATCCTGCC 

GAGTCTGTTCTGGCTTATAAAGAAGGCCATCTGAGCCCAGATATTGTGGCTGAACAAAAGAAGCTGGAAG 

CCGCAGACCTTGTGATATTCCAGTTCCCCCTGCAGTGGTTTGGAGTCCCTGCCATTCTGAAAGGCTGGTT 

TGAGCGAGTGTTCATAGGAGAGTTTGCTTACACTTACGCTGCCATGTATGACAAAGGACCCTTCCGGAGT 

AAGAAGGCAGTGCTTTCCATCACCACTGGTGGCAGTGGCTCCATGTACTCTCTGCAAGGGATCCACGGGG 

ACATGAATGTCATTCTCTGGCCAATTCAGAGTGGCATTCTGCATTTCTGTGGCTTCCAAGTCTTAGAACC 

TCAACTGACATATAGCATTGGGCACACTCCAGCAGACGCCCGAATTCAAATCCTGGAAGGATGGAAGAAA 

CGCCTGGAGAATATTTGGGATGAGACACCACTGTATTTTGCTCCAAGCAGCCTCTTTGACCTAAACTTCC 

AGGCAGGATTCTTAATGAAAAAAGAGGTACAGGATGAGGAGAAAAACAAGAAATTTGGCCTTTCTGTGGG 

CCATCACTTGGGCAAGTCCATCCCAACTGACAACCAGATCAAAGCTAGAAAATGA

„manual design“ Forward primer

   Reverse primer (sequence „reverse complement“)

- Specific (cloning CDS, promotor sequence analysis, 3´UTR…)
  → plasmid of choice



Cloning
„manual design“ Forward primer

   Reverse primer (sequence „reverse complement“)

- Specific (cloning CDS, promotor sequence analysis, 3´UTR…)
  → plasmid of choice

MCS (multiple cloning site)
     Recognition sites for restriction endonucleases



Cloning
„manual design“ Forward primer

   Reverse primer (sequence „reverse complement“)

- Specific (cloning CDS, promotor sequence analysis, 3´UTR…)
  → plasmid of choice

→ primers with RE target sites overhangs

→ 1) restriction analysis of a sequence
>NM_000903.2:192-1016 Homo sapiens NAD(P)H quinone dehydrogenase 1 

(NQO1), transcript variant 1, mRNA 

ATGGTCGGCAGAAGAGCACTGATCGTACTGGCTCACTCAGAGAGGACGTCCTTCAACTATGCCATGAAGG 

AGGCTGCTGCAGCGGCTTTGAAGAAGAAAGGATGGGAGGTGGTGGAGTCGGACCTCTATGCCATGAACTT 

CAATCCCATCATTTCCAGAAAGGACATCACAGGTAAACTGAAGGACCCTGCGAACTTTCAGTATCCTGCC 

GAGTCTGTTCTGGCTTATAAAGAAGGCCATCTGAGCCCAGATATTGTGGCTGAACAAAAGAAGCTGGAAG 

CCGCAGACCTTGTGATATTCCAGTTCCCCCTGCAGTGGTTTGGAGTCCCTGCCATTCTGAAAGGCTGGTT 

TGAGCGAGTGTTCATAGGAGAGTTTGCTTACACTTACGCTGCCATGTATGACAAAGGACCCTTCCGGAGT 

AAGAAGGCAGTGCTTTCCATCACCACTGGTGGCAGTGGCTCCATGTACTCTCTGCAAGGGATCCACGGGG 

ACATGAATGTCATTCTCTGGCCAATTCAGAGTGGCATTCTGCATTTCTGTGGCTTCCAAGTCTTAGAACC 

TCAACTGACATATAGCATTGGGCACACTCCAGCAGACGCCCGAATTCAAATCCTGGAAGGATGGAAGAAA 

CGCCTGGAGAATATTTGGGATGAGACACCACTGTATTTTGCTCCAAGCAGCCTCTTTGACCTAAACTTCC 

AGGCAGGATTCTTAATGAAAAAAGAGGTACAGGATGAGGAGAAAAACAAGAAATTTGGCCTTTCTGTGGG 

CCATCACTTGGGCAAGTCCATCCCAACTGACAACCAGATCAAAGCTAGAAAATGA



Cloning-Restriction analysis



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

Practical part 



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?



cloning - specific
→ primers includes site for REs 

1) restriction summary (to avoid enzymes that would cut your sequence)

1) Restriction summary:

X



Specific gene detection 
Primers:       anywhere along the sequence !

         - short amplicon (product): 200 - 500nt

 but: 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 your sequence 
using „pick primers“ (and BLAST).

Practical part….



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



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)     Align them in multalin (CDS,mRNA, F and R)

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

4) Find out a RE that cuts just once and simulate the restriction digest of your CDS, what will be the 
products.
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