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Overview of the session
• Why do we need specific molecular biology tools? Can’t we just 
use Notepad, Microsoft Word or Google Docs?

• Show how to use simple Benchling Operation
• Attaching Primers --- find existing primers and pair primers
• In silico PCR Fragments

• Navigate Simple Assembly Wizard in Benchling
• Restriction-Ligation (Cut-Connect) of colored proteins

• Discuss some Scenarios while cloning a new plasmid along the 
way
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Most biological information were 
stored in the form of DNA

Storage

Message

Function

Plasmid
DNA
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DNA as LEGO pieces

Lee et al. ACS Synth. Biol. 2015, 4, 9, 975–986
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https://pubs.acs.org/doi/full/10.1021/sb500366v


General Plasmid Architectures
• At their most basic level, plasmids are small circular pieces of 
DNA that replicate independently from the host’s chromosomal 
DNA

• General elements of a plasmid are
• Origin of replication

• And its replication elements
• Homologous region (integrative)
• Selectable marker
• Gene of interests

• Multiple Cloning Sites (MCS)

Plasmid
DNA

Putting plasmid into bacteria 
is relatively simple!!!
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Putting DNA into bacteria (or yeast)
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Chemical 
Transformation

Electroporatio
n

Conjugatio
n

Transformation can be achieved by 
heat-shock or electric-shock



Visualizing DNA Features
• DNA data can be stored in various formats e.g.
� .fasta
� .genbank or .gb or .gff
� .dna (Snapgene)
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Visualizing DNA Features
• DNA data can be stored in various formats e.g.
� .fasta
� .genbank or .gb or .gff
� .dna (Snapgene)
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.fasta in Notepad

.genbank in MS word
or Google Doc



Visualizing DNA Features
• DNA data can be stored in various formats e.g.
� .fasta
� .genbank or .gb or .gff
� .dna (Snapgene)
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.fasta in Notepad

.genbank in MS word
or Google Doc

These DNA files can 
be downloaded from 
databases e.g. NCBI



Visualizing DNA Features
• DNA data can be stored in various formats e.g.
� .fasta
� .genbank or .gb or .gff
� .dna (Snapgene)
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.dna in Snapgene

Online on Benchling



Validation of new DNA: Sequencing
DNA sequencing could be performed by different technologies including

1. Sanger sequencing (cheap), 
2. Next-gen sequencing (massively parallel)
3. 3rd-gen sequencing (long read)

Each nucleotide yield different signal (color). Then, they can be 
aligned to that of template or expected sequence for validation11



In silico analysis of DNA sequence
Benchling®: Free for academic users

A more powerful version available for Enterprise user
SnapGene Viewer: Free

A more powerful version available as SnapGene®

12https://benchling.com/ https://www.snapgene.com/snapgene-viewer 

Let’s do a DEMO!!!
Benchling Basic Project

https://benchling.com/
https://www.snapgene.com/snapgene-viewer
https://benchling.com/cholpisit-k/f_/QZCBnlIr-benchling-basics/


Let’s do DNA Separation: in silico gel
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Phage Lambda Genome ~45kb



Make different DNA 
fragments by PCR

Assembly of 3 Fragments into a 
plasmid – ColE1-AmpR-GFP
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Links to DNA sequences:
Desired sequence: ColE1-AmpR-sfGFP plasmid
1) sfGFP_part, 2) AmpR_part, 3) ColE1_part

DNA fragments could also be made by 
1) restriction digest reaction or 
2) ordered for chemical synthesis

https://benchling.com/s/seq-amrUf9CU0eGdvqpofoOj?m=slm-aV0IVXVXabcnQPX9pQSE
https://benchling.com/s/seq-xjVQ8UrQj1ZKgEnodzFh?m=slm-KTFmJJcdAZserLa4hDSg
https://benchling.com/s/seq-uXLZLtyjtK8hxTXdGbDs?m=slm-c1TKpEbneoQnLEIknYJL
https://benchling.com/s/seq-8Ox99yRbZ3KMFTkECTpN?m=slm-BByOyShZocdi2vW3R4Df


Assembly of 3 Fragments into a 
plasmid – ColE1-AmpR-GFP
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Links to DNA sequences:
Desired sequence: ColE1-AmpR-sfGFP plasmid
1) sfGFP_part, 2) AmpR_part, 3) ColE1_part

DNA fragments could also be made by 
1) restriction digest reaction or 
2) ordered for chemical synthesis

Make different DNA 
fragments by PCR

https://benchling.com/s/seq-amrUf9CU0eGdvqpofoOj?m=slm-aV0IVXVXabcnQPX9pQSE
https://benchling.com/s/seq-xjVQ8UrQj1ZKgEnodzFh?m=slm-KTFmJJcdAZserLa4hDSg
https://benchling.com/s/seq-uXLZLtyjtK8hxTXdGbDs?m=slm-c1TKpEbneoQnLEIknYJL
https://benchling.com/s/seq-8Ox99yRbZ3KMFTkECTpN?m=slm-BByOyShZocdi2vW3R4Df


Assembly of 3 Fragments into a 
plasmid – ColE1-AmpR-GFP
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Make appropriate 
sticky-ends for ligation



Assembly of 3 Fragments into a 
plasmid – ColE1-AmpR-GFP
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Jump to 
Benchling Basic Project

Make appropriate 
sticky-ends for ligation

https://benchling.com/cholpisit-k/f_/QZCBnlIr-benchling-basics/


Assembly of 3 Fragments into a 
plasmid – ColE1-AmpR-GFP
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White Green



Assembly of 3 Fragments into a 
plasmid – ColE1-AmpR-GFP
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White Green

Classical
Blue/White



Assembly of 3 Fragments into a 
plasmid – ColE1-AmpR-GFP
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GreenWhite



Converting GFP into RFP
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PCR

Or DNA Synthesis

Digest

Assembly

Links to DNA sequences:
Starting ColE1-AmpR-sfGFP plasmid
🡪Digested ColE1-AmpR
mRFP template
🡪PCR mRFP insert

https://benchling.com/s/seq-amrUf9CU0eGdvqpofoOj?m=slm-aV0IVXVXabcnQPX9pQSE
https://benchling.com/s/seq-rl0JK3t35iwFvuHAFz7L?m=slm-EABKzSe5DGbntfgU7d6l
https://benchling.com/s/seq-7I9uMNYZkOEP4T5bMNTs?m=slm-NuVHsoSeevFfbC0lrYqA
https://benchling.com/s/seq-JAzUIpW2uUqDtdKs7xPt?m=slm-V4U5q4LG5cOB5Av1Wun2


Converting GFP into RFP
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PCR

Or DNA Synthesis

Digest

Assembly

Links to DNA sequences:
Starting ColE1-AmpR-sfGFP plasmid
🡪Digested ColE1-AmpR
mRFP template
🡪PCR mRFP insert

Jump to 
Benchling Basic Project

https://benchling.com/s/seq-amrUf9CU0eGdvqpofoOj?m=slm-aV0IVXVXabcnQPX9pQSE
https://benchling.com/s/seq-rl0JK3t35iwFvuHAFz7L?m=slm-EABKzSe5DGbntfgU7d6l
https://benchling.com/s/seq-7I9uMNYZkOEP4T5bMNTs?m=slm-NuVHsoSeevFfbC0lrYqA
https://benchling.com/s/seq-JAzUIpW2uUqDtdKs7xPt?m=slm-V4U5q4LG5cOB5Av1Wun2
https://benchling.com/cholpisit-k/f_/QZCBnlIr-benchling-basics/


Or DNA Synthesis
Converting GFP into RFP
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PCR

Digest

Assembly

Links to DNA sequences:
Starting ColE1-AmpR-sfGFP plasmid
🡪Digested ColE1-AmpR
mRFP template
🡪PCR mRFP insert

Purify DNA fragment with 
Agarose Gel Electrophoresis

https://benchling.com/s/seq-amrUf9CU0eGdvqpofoOj?m=slm-aV0IVXVXabcnQPX9pQSE
https://benchling.com/s/seq-rl0JK3t35iwFvuHAFz7L?m=slm-EABKzSe5DGbntfgU7d6l
https://benchling.com/s/seq-7I9uMNYZkOEP4T5bMNTs?m=slm-NuVHsoSeevFfbC0lrYqA
https://benchling.com/s/seq-JAzUIpW2uUqDtdKs7xPt?m=slm-V4U5q4LG5cOB5Av1Wun2


Digest

Assembly

Converting GFP into RFP
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PCR

Or DNA Synthesis

Green

Links to DNA sequences:
Starting ColE1-AmpR-sfGFP plasmid
🡪Digested ColE1-AmpR
mRFP template
🡪PCR mRFP insert

https://benchling.com/s/seq-amrUf9CU0eGdvqpofoOj?m=slm-aV0IVXVXabcnQPX9pQSE
https://benchling.com/s/seq-rl0JK3t35iwFvuHAFz7L?m=slm-EABKzSe5DGbntfgU7d6l
https://benchling.com/s/seq-7I9uMNYZkOEP4T5bMNTs?m=slm-NuVHsoSeevFfbC0lrYqA
https://benchling.com/s/seq-JAzUIpW2uUqDtdKs7xPt?m=slm-V4U5q4LG5cOB5Av1Wun2


sgRNA expression cassette in 
bacteria

Spacer
sgRNA 
Hairpin
CRISPRi - pCK411.RR1

Ones can also install cut-site between 1) and 2) so that 
spacer can be changed by PCR with only one 
oligonucleotide order

Oligo order is ~$10-20 per 60 
bases
20 nt is a regular spacer size
40 nt can be attributed to priming 
and overhang site

Skipped during the talk
See 2025 recording if 

interested in this demo

https://www.addgene.org/192644/
https://www.youtube.com/watch?v=7vdNPlgWapw&list=PLj2XTFiEzMIMGOH_7QNHCPPq1Xwn67UOC&index=4


sgRNAs can be used to program 
phenotypes

Reporter genes Addgene: pCK760

Pmed

Pweak

Green

Skipped during the talk

https://www.addgene.org/192643/


sgRNAs can be used to program 
phenotypes

CRISPR 
interference Colorless

Reporter genes Addgene: 

pCK760

Pmed

Pweak

Skipped during the talk

https://www.addgene.org/192643/
https://www.addgene.org/192643/


sgRNAs can be used to program 
phenotypes

CRISPR 
interference and 
activation

Reporter genes Addgene: pCK760

Pmed

Pweak

Red

Skipped during the talk

https://www.addgene.org/192643/


sgRNAs can be used to program 
phenotypes

Try knocking out 
ampC gene 
---ampicillin 
resistance

E. coli genome: GenBank: 

U00096.3
Pre-downloaded on Benchling here

Jump to 
Benchling Basic Project

Skipped during the talk

https://www.ncbi.nlm.nih.gov/nuccore/U00096.3/
https://www.ncbi.nlm.nih.gov/nuccore/U00096.3/
https://benchling.com/s/seq-2q7Kujf5EW1al3RdxHYc?m=slm-ox6WDPQKUFiwmIIf5lLx
https://benchling.com/cholpisit-k/f_/QZCBnlIr-benchling-basics/


Multiple gRNA cassettes by 
Golden-Gate

3 gRNAs in one 
cloning reaction

Green

Colorless

Skipped during the talk



Golden-Gate Assembly with 
BioPython
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Step
1&2

Step 3

Step 4

Skipped during the talk



Golden-Gate Assembly with 
BioPython
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Skipped during the talk



Key Takeaways
• Use Molecular Biology tools like Benchling or Snapgene 
for DNA/RNA/Protein works: Read, Compare, Edit, or Design

• Benchling is a simple in silico molecular biology tools and is free 
for academic users

• In silico operations can save a lot of experimental time, 
especially when the procedure didn’t go as planned
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https://benchling.com/


Resources
• https://benchling.com/ 
• https://www.snapgene.com/snapgene-viewer 
• https://www.geneious.com/guides/molecular-cloning-methods
• ApE, A Plasmid Editor: A Freely Available DNA Manipulation and 
Visualization Program  

• https://www.addgene.org/mol-bio-reference/cloning/ 
• https://biopython.org/
• http://plannotate.barricklab.org/ 

• For plasmid annotation
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https://benchling.com/
https://www.snapgene.com/snapgene-viewer
https://www.geneious.com/guides/molecular-cloning-methods
https://www.frontiersin.org/journals/bioinformatics/articles/10.3389/fbinf.2022.818619/full
https://www.frontiersin.org/journals/bioinformatics/articles/10.3389/fbinf.2022.818619/full
https://www.addgene.org/mol-bio-reference/cloning/
https://biopython.org/
http://plannotate.barricklab.org/

