
Gibson Assembly Protocol 

Introduction 

Calculating Optimal pmols of Each Insert: 
Equation: pmols = (1000×weight in ng) / (length in bp×650 Da) 

● 50 ng of 5000 bp dsDNA is about 0.015 pmols 
● Online Tools: NEBioCalculator 

NEB recommendation: 
● 0.02–0.5 pmols when 1-2 inserts are being assembled into a vector (or 2-3 fragments are being 

assembled) 
● 0.2–1.0 pmoles when 3–5 inserts are being assembled into a vector (or 4-6 fragments are being 

assembled) 

Additional Notes: 
● Efficiency of assembly decreases as the number or length of inserts increases 
● The mass of each insert can be measured using the NanoDrop instrument, with absorbance at 260 

nm or estimated from agarose gel electrophoresis followed by ethidium bromide staining. 
● Yields will be best when the the different inserts are present in equimolar concentrations. 
● Inserts to be assembled should not have stable single stranded DNA secondary structure, such as 

a hairpin or a stem loop, or repeated sequences, as this would directly compete with the required 
single-stranded annealing/priming of neighboring assembly fragments. 

● The Gibson Cloning Master Mix consists of three different enzymes within a single buffer. Each 
enzyme has a specific and unique function for the reaction: 

○ T5 Exonuclease: creates single-strand DNA 3’ overhangs by chewing back from the 
DNA 5’ end. Complementary DNA fragments can subsequently anneal to each other. 

○ Phusion DNA Polymerase: incorporates nucleotides to “fill in” the gaps in the annealed 
DNA fragments. 

○ Taq DNA Ligase: covalently joins the annealed complementary DNA fragments, 
removing any nicks and creating a contiguous DNA fragment. 

Materials 
Reagents 

● Milli-Q Water (deionized H20) 
● DNA fragments (gBlocks/inserts) 

○ Store at -20°C in TE for up to 24 months or nuclease-free H2O for up to 1 month 
● Gibson Assembly Master Mix (2x) 

○ Store at -20°C 
● Vectors (plasmids) 
● Ice 

Reaction Component Table 

https://www.neb.com/external-links/nebiocalculator


Assembly type 2-3 Fragment 
Assembly (vector + 
1-2 inserts) 

4-6 Fragment 
Assembly (vector + 
3-5 inserts) 

Positive Control** 

Total Amount of 
Fragments 

0.02–0.5 pmols* (x μL) 0.2–1 pmols* (x μL) 10 μL 

2X Gibson Assembly 
Master Mix 

10 μL 10 μL 10 μL 

Milli-Q water (10-x) μL (10-x) μL 0 

Total Volume 20 μL*** 20 μL*** 20 μL 

*Optimized cloning efficiency is 50–100 ng of vectors with 2–3 fold of excess inserts. Use 5 times more 
of inserts if size is less than 200 bps. Total volume of unpurified PCR fragments in Gibson Assembly 
reaction should not exceed 20%.  
**Makes enough positive control reagents for five experiments.  
***If greater numbers of fragments are assembled, additional Gibson Assembly Master Mix may be 
required. 

Equipment 
● Thermocycler 
● Ice Bucket 
● -20°C Fridge 

Procedure 
1. Set up the reaction on ice using the reaction component table above. 
2. Incubate samples at 50°C in a thermocycler for 15 minutes for 2-3 fragment assembly or 60 

minutes for 4-6 fragment assembly. 
● Note: Reaction times less than 15 minutes are generally not recommended. Extended 

incubation times (up to 4 hours) have been shown to improve assembly efficiencies in 
some cases. Do not incubate the reaction overnight. 

3. Following incubation, store samples on ice or at –20°C for subsequent transformation. 
4. Transform competent E. coli cells with 2μL of the assembly reaction, following the 

transformation protocol. To ensure you’ve made the correct plasmid, screen by restriction digest. 
● Note: NEB recommends using NEB 5-α Competent E. coli (High Efficiency, NEB 

#C2987). If the assembled products are larger than 10 kb, NEB recommends using NEB 
10-β Competent E. coli(High Efficiency, NEB #C3019) or NEB 10-β Electrocompetent 
E. coli (NEB #C3020). If the assembled genes contain repetitive sequences, NEB Stable 
Competent E. coli (NEB #C3040) should be used. 
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