
Genomikon protocol

Beta Kit Components
Supplied Buffers

W – Wash buffer (15 ml). 20 mM Tris, 2 mM EDTA, 200 mM NaCl, pH 8.0.
E – Elution buffer (0.4 ml). 10 mM NaOH, unbuffered. 
N – Neutralization buffer (0.2 ml) 0.5M Tris, 50 mM EDTA, pH 8.0.
T – Transformation buffer (3x 1.0 ml)
H2O – Sterile water (1.0 ml)
LB – Cell growth media (15 ml) 

Cold reagents (Store sealed at -20 C)
Ligation master mix (in 100 µl PCR tubes, 15 tubes, 5 reactions/tube)

Contains T4 DNA ligase, ligation buffer, PEG 4000. 
C – Chloramphenicol (42.5 mg/ml in ethanol, 1 tube of 1 ml)
Freeze dried E. coli K12 cell culture (2x 200 µl in 1.5 ml screw top microcentrifuge tubes)

Resuspend with 200 µl of LB media and streak 10 µl onto a nonselective plate. Strain: TOP10.

Dry reagents
80 g LB agar plate mix. 

Magnets 
(8 supplied)
Do not eat magnets. Keep out of reach of children.

Plasticware (optional)
Sterile disposable cell spreaders (2x10)
Petri dishes (2x sleeve of 20)
Microcentrifuge tubes (50x0.5 ml, 50x1.5 ml)

DNA (store at +4 C or ambient temperature)

Cap color         Contents Quantity
Brown: Beads 100 µl
Pink:  Linker3XZ (X-Z')   60 µl
Gray: Linker2ZX (Z-X')   60 µl
Red: RFP (X-Z')   60 µl
Yellow: GFP (X-Z')   60 µl
Blue: AmilCP (X-Z')   60 µl
Green: Origin (Anchor-X')   60 µl
Orange: ChloramphenicolR (Z-Cap)   80 µl
White: RFP-chlor plasmid (1 ng/µl)   30 µl

Parts are shipped in screw-top tubes, with the part indicated by the cap color. Use 5 µl of beads per 0.05 pmol 
assembly. All DNA is supplied at equal molar concentrations of 0.025 pmol/µl, except for the linker parts which 
are provided at 1 pm/µl.

Bead-based assembly
Required equipment: pipetters, tips, microcentrifuge tubes

Planning. Design your construct before beginning assembly. The parts are linear pieces of DNA with ends that 
allow them to join together in controlled ways. The ends have names like X and X'; these two ends can join 
together since X' is the complement, base pair wise, of X. The first part must have an Anchor, in order to attach 
to the beads, and the last part must have a Cap, which connects to the Anchor after elution to circularize the 
plasmid. The kit has a single choice of Anchor part, which has the origin of replication of the plasmid, and a 
single choice of Cap part, which has the antibiotic resistance. These parts must be placed at the beginning and 
end of the construct, respectively. Between them, parts must alternate to have the correct ends go together. 
Since the Origin part has an X' end, the next part must begin with an X end, such as the color parts, or the Pink-
capped linker. These parts end in a Z' end, so the next part must begin with a Z end. Possible choices are the 
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Gray-capped linker, or the Orange-capped ChloramphenicolR Cap part. Continue alternative parts until finishing 
with the Cap part. Stoichiometry: each part added must be in excess, so for the first part, use 2 µl = 0.05 pmol, 
and for successive parts use 4 µl = 0.10 pmol, a 2X molar excess. The linker parts require a higher excess, but 
are supplied at higher molar concentration, so 4 µl of linker is sufficient. If changing the reaction scale, keep the 
ratios of parts equal. One can also add a mixture of parts of the same type at a given assembly step. In this 
case, the plasmids generated will differ, each receiving only one part in ratio proportional to the quantities added.

Rehydrate ligase. To one tube of ligase, add 10 µl H2O and resuspend, mixing until the contents completely 
dissolve. Use 2.25 µl of the rehydrated master mix to ligate 4 µl of DNA. After rehydration, each tube contains 
about five reactions.

Wash beads. Mix beads, then remove 5 µl of beads and place in an 0.5 ml microcentrifuge tube. Add 50 µl wash 
buffer W, and mix thoroughly. Attach the magnet to a metal surface so that the tube can be held against the 
magnet while viewing and pipetting the liquid.Tap or swing the tube to bring all liquid to the bottom. Hold the tube 
against the magnet, allowing the beads to collect on the tube wall next to the magnet. Wait until the solution fully 
clears (~30s) and then remove all liquid with the pipetter, including any droplets on side of tube. Discard the 
removed liquid. This is a wash step. Do a second wash, ensuring beads are fully resuspended. After this, the 
beads will be in a nearly dry pellet on the side of the tube.

Attach origin part. Add 2 µl of the Origin part to the bead pellet, add 10 µl of wash buffer W, and resuspend. 
The Origin DNA is now attached to the beads, and will remain there until the final elution step. Wash 1X.

Ligate next part. Add 4 µl of the next DNA part to bead pellet, then add 2.25 µl of the rehydrated ligation master
mix. Mix and thoroughly resuspend. Incubate for 10 minutes at room temperature. Wash 2X.

Repeat ligations for additional parts in design. Add 4 µl of the next part, plus 2.25 µl of ligation mix. Be sure 
to alternate part ends, and end with the ChloramphenicolR-Cap part. Wash 2X.

Elute. Add 20 µl of elution buffer E to bead pellet. Resuspend, then pull beads and extract the supernatant 
containing the assembled DNA. The supernatant can be added directly to competent cells for transformation. If 
some is stored, for example to run on a gel or to transform later, it should be neutralized with 2 µl of the 
neutralization buffer N. 

Colony transformation starting with lyophilized cell culture

Required equipment: microwave, 1 L flask or measuring cup, 37 C incubator, 42 C water bath, ice bucket

Making plates: Per 100 ml, mix 4 g of LB agar mix with 100 ml water in a 1 L flask, and microwave on high until 
boiling. Swirl, and return to the microwave to continue heating for brief periods, until all components are 
thoroughly dissolved. For nonselective plates, pour hot agar into Petri dishes to a depth of 3-5 mm. Cover, and 
allow to set overnight. For chloramphenicol selective plates, allow agar mix to cool to about 50 C (cool enough to 
hold briefly), then swirl in 60 µl of chloramphenicol before pouring. 100 ml makes about 5 plates. You will need 1-
2 nonselective plates for growing colonies to transform from, and 1 plate per construct or lab group

Day before experiment: Resuspend the lyophilized cells in 200 µl of sterile LB media, then streak 10 µl onto a 
nonselective LB plate. Grow overnight at 37 C. 

Day of experiment: For each transformation, scrape up 6-12 fresh, well-separated colonies with a minimum of 
agar and resuspend in 100 µl of cold transformation buffer. Add the DNA to be transformed, and incubate on ice 
for 20 min. Heat shock the cells for 45 seconds at 42 C, then cool on ice for 2 minutes. Add 100 µl of LB,  
incubate at 37 C for 20 minutes to 1 hour, then spread all of the cells on selective plates. Allow the liquid to be 
absorbed into the agar before inverting the plates and incubating overnight at 37 C.

Notes on efficiency: Transformation works best with actively dividing cells, so the plate of colonies must be 
fresh. A day-old plate will have 10-fold lower efficiency. New plates can be streaked from colonies on old plates, 
or from the rehydrated culture, which should remain viable for a week at +4 C. Once the cells are exposed to the 
transformation buffer, they become leaky and fragile, and should be handled gently. The heat shock step can 
increase efficiency up to 10x, but is not strictly required. Too high a temperature will kill the cells. After adding the 
LB, the cells should be incubated for up to an hour to allow recovery before plating. To check transformation 
efficiency, separately transform 1 µl of the RFP plasmid. Expect around 100 colonies, corresponding to a 
transformation efficiency of 105 cfu/µg DNA.



Tips
Spin the tubes down. Some of the tubes have small volumes of liquid. If you have access to a centrifuge, such 
as a low-speed minifuge, use it to bring the liquid to the bottom of the tube before opening. Otherwise, there's a 
risk of losing liquid when opening the tube. With no centrifuge, tap the tube sharply on a bench top to bring liquid 
down.

Magnet handling. It is easier to work with the magnets and the tubes if the magnet is attached to a base. If you're 
fortunate enough to have a lab bench or shelving made out of steel, this works nicely. Canadian coins also work 
well.

Multiple constructions. When building similar constructions in parallel, it works fine to build the common part in a 
single tube, then split

Maintaining and storing E. coli. The rehydrated cells should be viable for at least a week, stored at +4 C. Cells 
on a plate, stored at +4 C, should remain viable (though not suitable for transforming) for several weeks, or until 
the plates dry out. Cells can be restreaked onto fresh plates for maintenance or to make fresh colonies for 
transformation. For longer term maintenance, agar stabs will last years, though not as long as glycerol stocks 
stored at -80 C.

Sterility, safety, and disposal. Biosafety, when working with innocuous cell lines such as E. coli K12, is largely 
about protecting your experiment from you, not the other way around. To minimize contamination, Good 
Microbiological Practice includes the following: 1) wipe the work surface with alcohol (70% ethanol or propanol) 
before and after working with cells, 2) flame tools before touching cells or media, 3) flame media container 
openings before and after opening and removing, 4) using sterilized pipette tips and tools, and 5) minimize the 
time containers and plates are left open to lab air. Hands should be washed when entering and leaving the lab. 
Do not eat or drink anything in the kit (particularly the magnets), or or indeed anything in the lab. Finally, when 
the experiment is completed, the cells should be killed before being discarded. Spray with 10% bleach and let sit 
30 minutes, after which they can be discarded.

Protein expression. While colony color is generally visible after an overnight incubation, color continues to 
develop. We typically let the colonies grow at 37 C for 24 to a maximum of 48 hrs, then let them sit on the 
benchtop for a day or so more.

Fluorescent protein viewing. If you have access to a UV light source, as for instance a transilluminator used for 
viewing electrophoresis gels, it can be used for illuminating the fluorescent proteins. The RFP and GFP glow 
strongly under UV, however the AmilCP is not fluorescent. Since the plastic of the Petri dishes absorbs UV, leave 
the plates open and directly facing the UV. Consumer UV sources such as black lights, UV flashlights, and pet 
urine detector lights can also work. Be sure to use eye protection in the presence of strong UV.

Plating. If too many colonies are generated when plating all the cells as in the protocol above, instead of 100 µl 
add 900 µl of LB to the transformed cells, let the cells recover, then plate 100 µl. If desired, you can spin down 
the remaining 900 µl, discard the media and resuspend the pellet in 100 µl of fresh LB, and plate this on a 
separate plate. This requires an additional plate but covers variations in transformation efficiency.

Troubleshooting assembly and transformation. What do you do when things don't work? Troubleshooting lab 
procedures is similar to troubleshooting a misbehaving motorcycle, and as pointed out by Robert Pirsig in Zen 
and the Art of Motorcycle Maintenance, contains all the essential characteristics of being a scientist. You test 
things you think you know, make sure they work as expected, design experiments with appropriate controls, 
conduct them, and analyze the results to learn something new about reality, and in this way determine where 
things went wrong. For instance, the most likely source of trouble is transformation. A complete set of controls 
would include the following: cells alone, plated on nonselective plates (checks cell viability); cells alone, plated 
on selective (ie chloramphenicol) plates (checks cell sensitivity to selection, and quality of plates); control 
plasmid and cells (checks transformation efficiency), and your construct and cells (the desired result). If the 
transformation works as expected but the construct does not, there could be an issue with assembly. Assembly 
problems are best analyzed by gel electrophoresis, which allows you to visualize the DNA, and assess length 
and amount, at any stage of assembly. While you can elute DNA off the beads before running on a gel, it's also 
possible to load the beads with DNA attached directly into gel wells. The electrophoresis forces are adequate to 
pull the DNA from its attachment to the bead. You should, however, wash it first to remove ligase which can 
interfere with gels.


