
Gene of interest abundance in the microbial community- calibration protocol: 

This protocol is based on the work of Peter J. Diebold et al [1]. 

In-silico primer design: 

- Obtain sequences of GOI and 16s rRNA genes. 

- You should design three primers for fusion-product amplification: 

1. Forward primer targeting the GOI. 

2. Fusion primer consists of reverse primer targeting the GOI and a tail complementary 

to a forward primer targeting a universal region in the 16s rRNA gene. 

3. Reverse primer targeting a universal region in 16s rRNA gene. 

Note:  the 16s rRNA gene is highly conserved among different bacterial species. It 

contains conserved and hypervariable regions. Design your primer to capture universal 

regions flanking hypervariable regions. The latter allows bacterial identification via qPCR 

or NGS. 

- Additionally, prepare forward primer targeting the same universal region as the fusion 

primer in 16s rRNA gene for control reaction (16s rRNA amplification, without GOI). 

- Identify protentional priming regions with 40-60% GC content, close Tm values, and try 

to avoid secondary structures, particularly in the fusion primer. 

- Design multiple primers, so you can test several combinations. 

- Try to keep GOI amplicon short (length between forward primer and fusion primer). 

- Make an in-silico fusion reaction for each primer combination, by linking GOI with 16s 

rRNA gene (with Benchling/Snappgene), according to your primer set. Then, record the 

lengths of the expected fusion product, GOI only (control reaction), and 16s rRNA only 

(control reaction).     

Procedure: for calibration only and primer set assessment 

Materials and solutions: 

- Phusion Hot start flex DNA polymerase (NEB, #M0535)  

- dNTPs (NEB N0447L) 

- BSA (NEB B9000S) 

- Nuclease-free water 

- LB medium 

- LB agar-plates 

Equipment: 

- Rotating incubator 

- Spectrophotometer 

- Thermocycler 

 

 



Determination of bacterial concentration (CFU/ml) by serial dilutions: 

To prevent non-specific gene fusions, the final cells concentration is up to 400cells/µl. This can 

be determined by calculating CFU/ml as follows (see also [2]): 

- Streak bacteria over an LB-agar plate and incubate overnight at 37°C. 

- Pick a single colony and prepare an overnight starter. 

- Following overnight incubation, measure OD600nm. 

- Dilute bacterial culture to obtain an OD600nm value of 0.1-0.3 with PBSx1. 

- From each diluted bacterial suspension, prepare serial dilutions with PBSx1 in 

microcentrifuge tubes (10 tubes, each diluted in a factor of 10). 

- Spread 100µl from each dilution over a pre-warmed LB-agar plate and incubate 

overnight at 37°C. 

- Count the colonies and calculate the dilution that gave rise to 30-300 colonies.  

- CFU/ml calculation: 

𝐶𝐹𝑈/𝑚𝑙𝑂𝐷600𝑛𝑚=𝑋 = #𝐶𝑜𝑙𝑜𝑛𝑖𝑒𝑠 × 𝐹𝑖𝑛𝑎𝑙 𝑑𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 

Fusion-PCR reaction: 

For each primer set, perform three PCR reactions: 

1. GOI amplification only with Forward primer and fusion primer. 

2. 16s rRNA gene amplification only with a forward primer complementary to the tail of 

the fusion primer, and 16s rRNA universal reverse primer. 

3. Fusion reaction with GOI forward primer, fusion primer, and 16s rRNA universal reverse 

primer. 

 

- Set up the following reaction: 

Component 25 µl Reaction Final concentration 

HF Buffer 5 µl X1 

10 mM dNTPs 0.625 µl 250 µM 

DMSO- if necessary 0.25 µl 1% 

BSA 1 µl 0.8mg/ml 

Phusion Hot start 0.25 µl 1U/50 µl PCR 

25 µM GOI Frw primer 1 µl 1 µM 

0.75 µM Fusion primer 1 µl 0.03 µM 

50 µM 16s rRNA Rev primer 1 µl 2 µM 

25 µM 16s rRNA Frw primer 1 µl (for cnt reaction only) 1 µM 

Template (bacterial 
suspension in PBSx1) * 

Variable Up to 400 cells/ µl 

Nuclease-free water To 25 µl --- 

*During method implementation, it is recommended to test primers for fusion reaction on a 

template originating from bacterial monoculture containing the desired GOI. If succeeded, 

proceed to binary or complex bacterial cultures. 

 



Gently mix the reaction. Collect all liquid to the bottom of the tube by a quick spin if necessary. 

Transfer PCR tubes to a thermocycler and set the following conditions: 

Step Temperature (°C) Time  

Initial denaturation 98 3min 

35-40 cycles 98 
Annealing temp- calc. with 

NEB Tm calculator# 

72 

5sec 
30sec 

 
25sec/kb 

 

Final extension 72 2min 

Hold 10  
#Tm calculation might be tricky for fusion reaction due to multiple Tms with various primer 

concentrations. If calculating with NEB Tm calculator, consider lowering Tm since fusion primer 

concentrations are 30nM. 

Evaluate PCR products in DNA electrophoresis gel and confirm desired product by length or 

sequencing. If applying this method for complex microbial communities, proceed as described in 

[1] and perform OIL-PCR.  
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