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Introduction to automated cloning on the BioXp™ system
Important note: Please read the User Guide in its entirety
prior to performing any experiment.
Cloning on the BioXp™ system allows you to synthesize
multiple de novo DNA sequences (up to 7.2 kb in length
each) and assemble them into Codex DNA available vectors
or custom ones in a single overnight run using Gibson
Assembly® technology. Depending on the length ranges
of your sequences to be cloned, the BioXp™ system will
first synthesize component DNA fragments prior to the final
full-length insert assembly into your designated vector. The
number of unique cloned products that can be created
during a single BioXp™ run varies depending on the number
of fragments required to complete your final assembly.
DNA insert
size ranges
(bp)

Unique cloned
products
possible*

Component
fragments
per assembly
reaction

300–1,800

Up to 32

1

440–3,600

Up to 16

2

660–5,400

Up to 8

3

880–7200

Up to 8
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Tips for cloning
• Use the Codex DNA ordering portal for design and
construct creation. Alternative DNA design software
is no longer required. Upload, edit, design, and
store sequences as you create orders. Access these
sequences on the portal at any point before or after
placing your order.
• Prepare and validate your linear vector according to the
instructions provided in this user guide.
• When placing an order, be mindful that even though
sequences flagged red by our complexity checker may
still be ordered, Codex DNA cannot guarantee they will
be built successfully in the BioXp system.
• While the Golden Gate Assembly method is an alternative
to the Gibson Assembly technology, it is not currently
supported on the BioXp system.
• Ensure that designs match your specific cloning needs.
For example, if restriction sites are needed, a stuffer
sequence may be required on the ends.

*For 1- and 2-fragment cloning: up to 4 unique vectors may be
included in a single BioXp™ run

Overview of BioXp cloning workflow
The text below presents an overview of the cloning
workflow on the BioXp™ system. Review the rest of this
document for specific instructions related to each step.
Submit your cloning project

Prepare and validate linear vector

Run the BioXp system cloning run

Analyze DNA products post-run

DNA product cleanup

Transform

Identification of error-free clones
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Submit your cloning project
With the Codex DNA ordering portal, homologous ends will be added automatically to your DNA fragments to enable
Gibson Assembly® cloning on the BioXp™ system.

Design and organize your sequences

Cloning with RapidAMP™ amplification (optional)

BioXp™ DNA cloning kits can assemble and clone DNA
fragments between 300 bp to 7.2 kb into your available
Codex DNA or custom vectors.

RapidAMP™ rolling-circle amplification may be included
with 1- and 2-fragment BioXp™ cloning projects. As the final
amplified RapidAMP™ product will be concatenated and
highly branched, a linear digest with a single or double
restriction enzyme cut in a non-essential portion of the
construct is required after amplification.

More than one gene of interest: BioXp™ cloning kits
allow for several genes to be cloned into a single vector,
provided the total sequence length does not exceed
7.2 kb. For 2-fragment assemblies, an optional constant
spacer sequence may be added between the component
fragments.
Longer fragments: Sequences greater than 1.8 kb in length
are cloned by synthesizing 2 to 4 fragments, 300 bp to
1.8 kb each, prior to assembling all component fragments
into a vector.
The number and length of the fragments is dependent on
overall insert length: 1.8 to < 3.6 kb = 2 fragments; 3.6 to
< 5.4 kb = 3 fragments; 5.4 to 7.2 kb = 4 fragments.
Below is a visual representation of how a large DNA insert —
composed of 4 component fragments — is assembled and
cloned into a vector.

○ Fragment 1
○ Fragment 2
○ Fragment 3
○ Fragment 4
○ Vector

Note: Fragments can either be synthesized by the BioXp
or user provided, and then cloned into your vector. For
assemblies requiring 2 fragments, a spacer region may be
added (not depicted).

Select suitable cut sites for restriction digestion prior to DNA
design and ordering, and ensure that there are no unwanted
recognition sequences in the gene to be synthesized. At
least one unique restriction site is needed in the initial
construct design for concatemer linearization.
Contact help@codexdna.com for additional assistance with
construct design.

Cloning with Codex DNA vectors
As an alternative to using your own custom vectors,
Codex DNA offers the following vectors available through
our ordering portal.
Copy
Classification

Part No.

Description

BXR-AAA-V100

pUCGA2.0-AmpR, 100 µl

High copy
number

BXR-AAB-V100

pUCGA2.0-KanR, 100 µl

High copy
number

BXR-AAC-V100

pUCGA2.0-CmR, 100 µl

High copy
number

BXR-ABA-V100

pACYC184-AmpR, 100 µl

Low copy
number

BXR-ABB-V100

pACYC184-KanR, 100 µl

Low copy
number

BXR-ABC-V100

pACYC184-CmR, 100 µl

Low copy
number

BXR-ACC-V100

pCC1BAC-CmR, 100 µl

Medium copy
number
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Prepare linear vector
This section contains instructions on preparing your vector to load into the BioXp custom vector strip.
• Your cloning vector must be linearized prior to use on the BioXp™ system. The linear vector may either be prepared using
restriction enzyme digestion or PCR amplification (refer to figure below).
• If performing a double restriction enzyme digest of your vector, ensure that this will not create compatible cohesive ends.
• If performing PCR amplification, include a DpnI endonuclease digestion step after final extension.
• After preparing the linear vector, confirm results via agarose gel electrophoresis to note the presence of a band of
expected size. Proceed with standard gel extraction methods to purify the vector.
• After gel purification, quantitate the vector and proceed with validation. Refer to the next section for information on
validating vector.
• After preparing and validating vector, dilute to the appropriate concentration and load onto the BioXp™ system using the
information provided in the Loading vector onto BioXp™ system section.
Vector preparation by restriction digest
Single restriction digest
Restriction
enzyme 1

Vector preparation by PCR amplification

Double restriction digest
Restriction
enzyme 1

Restriction
enzyme 2

Restriction digest
PCR amplification + DpnI digestion

Linearized vector

Linearized vector
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Validate linear vector
Gibson Assembly® reaction
Use this protocol to ensure proper vector linearization and cloning, and to assess background.
MATERIALS

• Linearized and purified cloning vector
• Ice
• Nuclease-free water
• Gibson Assembly® Ultra kit (Codex DNA cat. no. GA1200) or
• Gibson Assembly® HiFi kit (Codex DNA cat. no. GA1100)
• Thermocycler with programmable ramp rate
◦ Note: If your thermocycler does not allow you to control ramp rates, you may use the Gibson Assembly® HiFi master
mix (2X) instead of the Gibson Assembly® Ultra master mixes.
◦ For assembly with the HiFi 1-step method, combine 5 μL of vector with 5 μL HiFi master mix (2X) and incubate
the reaction at 50 °C for one hour. Following the incubation, add 20 μL of water to the reaction and proceed to
transformation.
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PROTOCOL

1. Use the guidelines in the following table to determine the appropriate vector concentration.
Vector size (kb)

Concentration (ng/µL)

2–5

>15

5–7

>20

7–9

>25

9–12*

>30

*12 kb is the largest vector size that has been validated by Codex DNA. Results
from the use of larger vector sizes (>12kb) are not guaranteed by Codex DNA.
If your vector is larger than 12kb, please contact help@codexdna.com for
additional guidance.

2. Dilute the linear vector to the appropriate concentration before proceeding.
3. Thaw Gibson Assembly® Ultra master mix A (2X) on ice. Vortex briefly and quick spin before use.
4. Prepare the following reactions on ice in small PCR tubes. Add each component in the order listed in the following table:
Negative control
Vector without enzyme

Positive control
Vector and enzyme, with insert*

Volume (µL)

Volume (µL)

Linearized vector (see step 1)

1

1

Positive control insert* (user-provided)

0

4

Nuclease-free water

9

0

Gibson Assembly® Ultra master mix A (2X)

0

5

Total volume

10

10

Reagent

* Previously demonstrated Gibson Assembly® compatible insert
5. Transfer the reaction tubes to a thermocycler and program the following conditions:
Temperature

Duration

37 °C

5–15 minutes*

75 °C

20 minutes

0.1 °C/sec to 60 °C

—

60 °C

30 minutes

0.1 °C/sec to 60 °C

—

*Please ensure not to exceed the upper limit range, and
do not remove the reactions from ice until immediate
transfer to the thermocycler.

6. Thaw Gibson Assembly® Ultra master mix B (2X) on ice. Vortex briefly and quickly spin before use.
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7. While keeping the tubes on ice, add the following components to the appropriate reactions:
Negative control
Vector without enzyme
Reagent

Positive control
Vector and enzyme, with insert
Volume (µL)

Assembly reaction (from step 1 above)

10

10

Nuclease-free water

10

0

Gibson Assembly® Ultra master mix B (2X)

0

10

20

20

Total volume
8. Incubate reactions in a thermocycler at 45 °C for 15 minutes.

Transformation of Gibson Assembly® reaction
Perform transformations according to the protocols in the Transformation section of this guide.

Transformation: dilute the Gibson Assembly® reaction
Because some of the components of the buffer mix can negatively impact the survival of some cells after transformation,
we recommend diluting the assembly reaction before performing the transformation. Dilute HiFi assemblies up to fivefold
(10 μL assembly reaction + 50 μL nuclease-free water) and Ultra assemblies up to threefold (10 μL assembly reaction + 30 μL
nuclease-free water). You may need to empirically determine the optimal level of dilution, depending on the type of cells
used.
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Colony output — Vector background analysis
Expected results
Negative control
Vector without enzyme

Positive control
Vector and enzyme, with insert

• If very few colonies are present on the negative control plate and > 50 CFU/ng vector present on the positive control
plate, then your vector is ready for use. Proceed to the instructions contained in your BioXp™ DNA cloning kit loading map
and checklist or use for Gibson Assembly® cloning.
• If a large number of colonies are present on the negative control plate or less than 50 CFU/ng vector present on the
positive control plate, then do not use the vector in Gibson Assembly® cloning. Other options may be available to reduce
vector background. Contact Codex DNA for assistance at help@codexdna.com.
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Load vector onto BioXp™ system
Preparing the BioXp™ custom vector strip
1. Before starting, determine which vector strip preparation
protocol is right for you.
• For jobs with a single vector, refer to the protocol in
this section.
• For jobs with a constant/ spacer region, refer to the
Preparing the BioXp™ custom vector strip with a
constant region section.
• For jobs where multiple vectors will be used in a
single run, refer to the Preparing the BioXp™ custom
vector strip with multiple distinct vectors section. Refer
also to the loading map provided with your kit.
2. If starting with a circular vector, linearize for cloning. See
earlier section called Prepare linear vector.
3. Adjust the linear vector concentration according to the
following table:
Linear vector size (kb)

Vector concentration (ng/µL)

2–5

~15

5–7

~20

7–9

~25

9–12*

~30

*12 kb is the largest vector size that has been validated by Codex DNA.
Results from the use of larger vector sizes (>12kb) are not guaranteed
by Codex DNA. If your vector is larger than 12kb, please contact
help@codexdna.com for additional guidance.

4. Once the vector is diluted to the desired concentration,
add vector to the cloning strip provided in module C. The
BioXp™ vector strip is made of red plastic and will arrive
empty and free of well covers. The volume of vector
needed in each well varies based on the number of total
Gibson Assembly® reactions to be performed. Vector
should be loaded in to every other well of the vector strip,
as indicated in the figure to the right. Refer to the table to
the right to add the appropriate volume of linear DNA to
wells A, C, E, and G of the red BioXp™ vector strip. Your
strip is now ready to load. Note: Do not seal the strip.

Module C cloning strip
reaction sizes:

Vector volume
(µL per well)

8

9

16

14

24

17

32

21

A
B
C
D
E
F
G
H

Load here.
If needed, refer
to Loading Map to
determine position
of the vector.
Pinholes

Example loading calculations and conditions
To ready the vector strip for a 16-reaction cloning kit (green
module C color code), prepare a linearized 10 kb vector at
a concentration of 30–35 ng/μL. Add 14 μL of linearized
vector to wells A, C, E, and G of the vector strip. Total
volume required = 56 µL; total amount of linearized vector
required = 1.68μg (14μL/well x 4 wells x 0.03μg/μL).
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Preparing the BioXp™ custom vector strip with multiple,
distinct vectors
Up to four distinct vectors can be used in a single BioXp™
system run. This feature is limited to 1- and 2- fragments
jobs; to use this option with 3- or 4- fragment jobs, contact
help@codexdna.com. If using multiple vectors in a single
BioXp™ system, refer to your specific BioXp™ job summary
documentation that ships with your kit to confirm vector
loading locations. The figure below shows an example
case, where four distinct vectors, each represented with a
different color (blue, red, green, orange), are used to clone
32 individual plasmids. The table shows how the orientation
of vector assignment in the vector strip correlates with the
corresponding BioXp™ recovery plate location.
Custom cloning vector
strip location

Corresponding BioXp™
recovery plate location*

A

A1–B4

C

C1–D4

E

E1–F4

G

G1–H4

Vector 1
Vector 2
Vector 3

2
9

B 2

10 18 26

3 4
17 25

C 3

11

D 4

12 20 28

E 5

13

F 6

14 22 30

G 7

15 23 31

H 8

16 24 32

19 27

21 29

5

6

7

8

9

10

11

For constant region sequences < 1 kb, use a fivefold molar
excess to the vector as a starting point. This ratio can be
further optimized. For longer constant region sequences,
contact help@codexdna.com for overlap design
recommendation.
To interconvert between the routinely-measured
concentration units of ng/µL to picomolar, use the equation
below. In this equation, Cmolar is molar concentration of DNA
fragments in pmol/L, Cmass is mass concentration of DNA
fragments in ng/µL, and bp is the number of base pairs
within the DNA fragment of interest.
Cmolar = 1.55 × (Cmass/bp)

* Refer to your plate map for exact position of samples.

1
A 1

If using a constant region, prepare vector strip according to
the protocol below, accounting for the addition of the spacer.
Adjust the vector concentration and optional constant
region concentration according to the table below. Note that
the concentrations in the table are final concentrations and
the vector and constant region fragments must be prepared
at appropriate concentration (such that when the DNAs are
mixed, they reach the proper final concentrations). Total
volumes required can be determined using the information
in the Preparing the BioXp™ custom vector strip section.
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A

C

E

Example loading concentrations for various vector sizes
with a 1 kb constant region: to include an optional constant
region, combine appropriate volumes of vector and
constant region at suggested concentrations and add the
mixture directly into the BioXp™ vector strip. Recommended
concentrations given in the table are for a constant region
sequence length of ~1 kb. Calculate the appropriate
concentration for your constant region based on the vector
concentration and the size of your constant region.

Linear vector
size (kb)

Final vector
concentration
(ng/µL)

Final 1 kb
constant region
concentration
(ng/µL)

Preparing the BioXp™ custom vector strip with a constant
region

2–5

~15

30–45

5–7

~20

25–30

The option to include a constant spacer region in 2-fragment
jobs is a useful feature for users synthesizing, for example,
multicistronic constructs. Note that this is an option for
2-fragment jobs only.

7–9

~25

20–25

9–12*

~30

15–25

Vector 4

G

Pinhole

*12 kb is the largest vector size that has been validated by Codex DNA.
Results from the use of larger vector sizes (>12kb) are not guaranteed
by Codex DNA. If your vector is larger than 12kb, please contact
help@codexdna.com for additional guidance.
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Run the BioXp™ system cloning run
BioXp™ DNA cloning kits come with three or four modules:
• Module A: Oligo Vault™ plate, recovery plate, and
purification strip
• Module B: BioXp™ reagent plate
• Module C: Cloning strip and vector strip
• Module D: RapidAMP™ strip (only included in cloning
projects that include RapidAMP™ amplification)

While almost all components arrive ready to run on the
instrument, the BioXp™ DNA cloning kit will come with an
empty vector strip. The BioXp™ DNA cloning kit loading
map and checklist included in your shipment will contain
specific instructions on how to load your job. The volumes
and concentration of vector required for your run varies
based on the vector size. Refer to the Loading vector onto
BioXp™ system section for more information.
Refer to the recovery plate document included in your
shipment for details regarding the location of final products
on your specific BioXp™ recovery plate.

BioXp™ system and loading deck
Example: BioXp™ 2-fragment cloning recovery plate
1
A 1

2
5

3
9

4
13

6

10 14

B
C 2
D
E 3

7

11

15

F
G 4

8

12 16

H

Clone

Loaded deck at beginning of run

5
1

6
9

7 8
17 25

2

10 18 26

3

11

4

12 20 28

9

10

11

12

19 27

5

13

6

14 22 30

21 29

7

15 23 31

8

16 24 32

Fragment

Deck at run completion
Oligo Vault™
plate

A
B
C
D
E
F
G
H

1 2 3 4 5 6 7 8 9 10 11 12

Oligo Vault™
plate
Thermal
cover
Ethanol
reservoir

1

A
B
C
D
E
F
G
H

1 2 3 4 5 6 7 8 9 10 11 12

2 3 4 5 6 7 8 9 10 11 12

A
B
C
D
E
F
G
H

mRNA
synthesis
plate
Recovery
plate

50 µL tips

50 µL tips

50 µL tips

200 µL tips

A
B
C
D
E
F
G
H

1 2 3 4 5 6 7 8 9 10 11 12

Strips
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Analyze DNA products post-run
Analyze BioXp™ fragments
Perform gel electrophoresis of ~5 μL of the uncloned BioXp™ fragments from
the recovery plate. The quality of the BioXp™ fragments is a key indicator of
overall assembly and cloning with amplification efficiencies.

A
B
C
D
E
F
G
H

Zone 1

Zone 2

Zone 3

Example: Recovery plate location of BioXp™ fragments

Expected fragment gel results (representative example)

colonies may need to be screened prior to sequencing to
The gel images below show examples of completed
find full-length inserts.
runs with the assembled fragment of interest clearly
distinguishable. In the left gel photo, the absence of offFor cloning projects with RapidAMP™ amplification,
target assemblies and/or intermediate byproducts is
indicative of optimal BioXp™ assembly. The gel image on the prominent secondary bands mean it is possible that the
right shows the fragment of interest, as well as a byproduct. reaction will amplify both species. If fragments are poorly
built, continue with downstream analysis of the product. The
robustness of the Gibson Assembly® RapidAMP™ technology
For cloning projects: if prominent secondary bands are
allows for the amplification of small amounts of circularized
present, it is possible that the Gibson Assembly® reaction
DNA. Restriction analysis should be used to confirm the
assembled both species. Continue to downstream analysis
of assembled cloning product with the awareness that more build and identity of the final product
Expected result

Fragment —

Presence of byproducts

— 3 kb
— 1 kb
— 0.5 kb

Fragment —
Byproduct —

— 3 kb
— 1 kb
— 0.5 kb

Representative electrophoresis results
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Location of cloned or amplified cloned product
The recovery plate document received with your order contains information
regarding the location of final cloned or amplified cloned products on the
recovery plate. For BioXp™ projects that include RapidAMP™ amplification,
the amplified clone product concatemer and the component BioXp™
fragments will be available; the unamplified clone intermediate is not
retained.
See the section below for further processing requirements of RapidAMP™
amplified products.

A
B
C
D
E
F
G
H

Zone 1

Zone 2

Zone 3

Example: Recovery plate location of
final cloned or amplified cloned products

For cloned products without RapidAMP™ amplification, proceed to the DNA
product cleanup section of this guide.

Linearization of Gibson Assembly® RapidAMP™ amplified product (if applicable)
RapidAMP™ cloned constructs linearization workflow
1

2

3

4

5

6

7

8

9

10

11

12

A
B
C
D
E
F
G
H

Up to 24 cloned and amplified cloned products are built simultaneously and will be
available at the end of a BioXp™ run. RapidAMP™ (cloned and amplified) products
are recovered in columns 1–3 and BioXp™ fragments are located in columns 5–7.
For specific BioXp™ runs, refer to the recovery plate document included with your
shipment for guidance on final product location.

During this example BioXp™ run, all 24 fragments are cloned with Gibson Assembly
and then amplified with RapidAMP technology. After the run, restriction digestion
will linearize the amplified product into the desired final fragment, ready for
downstream applications.

It is necessary to perform a restriction digestion after completion of the Gibson Assembly® RapidAMP™ reaction. The final
amplified product is concatenated and highly branched. For best results, reduce to linear monomers by restriction digestion.
The amplified solution may be viscous. For optimal digestion, dilute the product 1:1 with restriction enzyme mix (see below).
However, the product can be kept at a higher concentration by adding a more concentrated restriction enzyme mix,
increasing the digestion incubation time, and vortexing occasionally during the incubation to ensure efficient digestion. Due
to the high DNA concentration, it is likely that general restriction digestion protocols will be insufficient to completely digest
the final concentrated RapidAMP™ product. It is likely that increased enzyme concentration and increased time will allow for
complete digestion. Follow the guidelines below for additional suggestions.

Digestion protocol recommendations
1. Add equal volume (~50 μL) of 1x restriction digest buffer (final buffer concentration will be 0.5x, accounting for presence
of buffers in Gibson Assembly® RapidAMP™ reaction) and 2 μL restriction enzyme to the Gibson Assembly® RapidAMP™
product. More restriction enzyme volume can be added, but total enzyme volume should remain < 10% (no more than
1 μL enzyme per 10 μL digestion). Note: A typical restriction enzyme concentration from NEB is 20,000 units/ml. If using
restriction enzyme with less units/ml, adjust the enzyme volume according to the enzyme units.
2. Verify digestion success via agarose gel electrophoresis.
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Optional transformation and sequencing

Optional further DNA processing

If clone banking or analyzing error rates, 2 µL of the
digestion reaction can be transformed into one of our
recommended cell lines — such as MAX Efficiency™ DH5α
chemically competent cells — per the recommended
protocols from the manufacturer.

Purify digested reaction: For transient transfection, either
restriction digested DNA or DNA that has been further
purified to remove reaction components will be effective.
However, for sensitive cell-based applications as well
as in vitro transcription, DNA cleanup has been shown
to increase performance. We recommend bead-based
purification, such as AMPure XP (Beckman Coulter cat.
no. A63880), to minimize loss of DNA during purification.
Column or gel purification is also acceptable although more
DNA will likely be lost.

Determine linearized DNA yield
Determine the concentration of the linearized RapidAMP™
product prior to further DNA processing.

Circularize monomers: Monomers may be circularized
after restriction digestion using ligase. Optimization may be
required.
Gel image of linearized RapidAMP™ concatemer

NotI restriction digest of RapidAMP™ cloned construct.
Clearly visible are the 1.4 kb fragment and 2.7 kb vector backbone for all wells.
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DNA product cleanup
This protocol can be used to increase the transformation
efficiency of BioXp™ cloning products. We especially
recommend using this protocol with 3- and 4-fragment
cloning jobs (e.g. insert > 3.6 kb). We recommend using DNA
Clean & Concentrator-5 columns (Zymo cat. no. D4013) for
DNA cleanup.
Materials
• Zymo DNA Clean & Concentrator kit, including columns
and buffers
• BioXp™ recovery plate containing cloned plasmids
• 1.5 mL microcentrifuge tubes
• Nuclease-free water

Protocol
1. Set aside ~12 μL of nuclease-free water for each
construct to be cleaned. Pre-warm water to 42 °C by
placing it in an incubator or water bath.
2. Add 20 μL of BioXp™ Gibson Assembly® Ultra product to
a clean 1.5 mL microcentrifuge tube.
3. Add 100 μL of binding buffer to the 20 μL of BioXp™
Gibson Assembly® Ultra and vortex briefly to mix.
4. Repeat for all cloning products.
5. Transfer each mixture to a Zymo spin column in a
collection tube.
6. Centrifuge at 12,000–16,000 ×g for 30 seconds, and
discard flow-through.
7. Add 200 μL of DNA wash buffer to the column.
8. Centrifuge at 12,000–16,000×g for 30 seconds, and
discard flow-through.
9. Repeat wash step, centrifuging for 60 seconds on the
second wash.
10. Transfer each column to a clean 1.5 mL microcentrifuge
tube.
11. Add 10 μL of prewarmed water to each column.
12. Incubate at 37 °C for 5 minutes.
13. To elute DNA, centrifuge columns at 12,000–16,000×g
for 30 seconds.
14. Proceed to transformation section of this user guide.
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Transform
For chemically competent cells, dilute cloning reactions
with a 1:3 dilution ratio before transformation (e.g., for each
well, transfer 10 μL cloning reaction to a clean tube or plate
and add 30 μL molecular biology grade water). Dilution is
not required prior to transformation, if reactions have been
cleaned up and eluted in water. We recommend using
MAX Efficiency™ DH5α competent cells (Thermo Fisher
cat. no. 18258012). If other cells are used, be certain to
use competent cells with a transformation efficiency
≥ 1 × 108 CFU/μg pUC19.
For electrocompetent cells, dilute cloning reactions with
a 1:3 dilution ratio before transformation (e.g. for each well,
transfer 10 μL cloning reaction to a clean tube or plate and
add 30 μL molecular biology grade water). We recommend
using TransforMax™ EPI300™ Electrocompetent E. coli
(Lucigen cat. no. EC300110).
Note: If performing transformation with RapidAMP™
amplified products, a 1:10 dilution of cloning reactions
is recommended for both chemically competent and
electrocompetent cells.

Transformation with chemically competent cells
We recommend using MAX Efficiency™ DH5α competent
cells (Thermo Fisher cat. no. 18258012). If other cells
are used, be certain to use competent cells with a
transformation efficiency ≥ 1 × 108 CFU/μg pUC19.
Follow the transformation protocol provided with your
competent cells.
1. Important: Dilute assembly reactions, as described
above, before transformation unless you have purified
the reactions and eluted in water.
2. For cells other than MAX Efficiency™ DH5α competent
cells, you may need to empirically determine the optimal
dilution, which may range from 2–10x. Alternatively, you
may purify the DNA before transformation by performing
phenol chloroform extraction or column purification.
3. After diluting the cloning reaction, vortex and quick spin
tubes to ensure the DNA is mixed thoroughly.
4. Plate 25 μL and 125 μL of each transformation reaction
(diluted according to competent cell manufacturer’s
recommendations) on LB plates with appropriate
antibiotics. Note: To optimize and reduce the number
of cells for plating, you may perform serial dilutions in
SOC. Alternatively, to plate more cells, spin down the
transformation reaction, resuspend in 100 μL of SOC,
and plate the entire volume of cells.
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Transformation with TransforMax™ EPI300™
electrocompetent E. coli
The following protocol has been optimized for TransforMax™
EPI300™ electrocompetent E. coli (Lucigen cat. no.
EC300110).

14. Gently mix the cells and SOC by pipetting up and down
2–3 times. Add the cell and SOC mixture back into the
tube containing the remaining 200 μL SOC.
Note: Work as quickly as possible until the cells are
transferred into the 15 mL culture tube.

Materials

15. Incubate the cells and SOC for one hour at 37 °C with
shaking at 220–230 rpm.

• Ice

16. While cells are shaking, pre-warm six LB plates with
appropriate antibiotics in an incubator at 37 °C.

• Nuclease-free water
1. Dilute each assembly reaction as described in the
previous section. Note: This step is essential to achieve
the highest transformation efficiency unless you have
purified the reactions and eluted in water.
2. Vortex and quickly spin the diluted cloning reaction tube
to ensure the DNA is mixed thoroughly.

17. After one hour shaking at 37 °C, plate 100 μL of the
cells at different dilutions. We recommend plating two
dilutions: 5 μL (diluted in 95 μL SOC), and 50 μL (diluted
in 50 μL SOC).
18. Incubate the plates at 37°C overnight or up to 24 hours
until colonies are visible.

3. For each assembly reaction, prepare the following:
4. Add 1 mL SOC media to a 15 mL culture tube. Label tube
and place in a tube rack at room temperature.
5. Add 2–3 μL of diluted assembly reaction to a 1.5 mL tube.
Place tube on ice.
6. Chill electroporation cuvette on ice.
7. Pipette 30 μL of EPI300™ cells into each tube containing
the diluted assembly reaction. Briefly swirl the DNA and
cells with the end of the pipette tip and place the tube
back on ice.
8. Incubate the DNA/cell mixture on ice for one minute.
9. Set the ice bucket and tube rack prepared in step 1 next
to the electroporator (BioRad® or equivalent).
Note: Confirm the pulse settings are set to 1200 V, 25 uF,
200 Ω, 0.1-cm cuvette.
10. Using a pipette, transfer the cell/DNA mixture from the
1.5-mL tube to a chilled cuvette.
11. Gently tap cuvette on a benchtop two times to make sure
all contents are at the bottom of the cuvette in between
the slit.
12. Insert the cuvette into the electroporator and press Pulse
13. While the pulse is taking place (~2 seconds), remove
about 800 μL SOC from the 15 mL tube (step 4), and
immediately add the SOC to the cuvette after the pulse.
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Identification of error-free clones
Cloning on the BioXp™ system has been optimized for high
cloning efficiency. This does not necessarily correlate with
high colony output post-transformation, but results in a
higher percentage of full-length clones. We recommend that
users screen clones for full-length de novo DNA fragments
(plasmid inserts) before sequencing. Fragments of any size
can be screened by analyzing the purified plasmid DNA on
a gel, or by characterization of purified plasmid DNA with a
restriction enzyme digest.
For faster results, insert lengths of < 2 kb can be screened
with a typical colony PCR protocol. For fragment lengths
of > 2 kb, we recommend multiplexing multiple primer pairs
in the colony PCR reaction to generate several smaller PCR
products (see protocol for multiplexed primer colony PCR in
this guide).
Designing PCR primers such that amplicons contain Gibson
Assembly® junctions is an effective way to screen for fulllength clones without needing to amplify the entire insert.
Locations of junctions for each de novo DNA fragment are
available upon request.
If using Sanger sequencing for downstream analysis, we
recommend using one sequencing primer per ~600
bases of DNA to ensure good coverage. We recommend
sequencing the following number of full-length clones
identified during pre-screening:
Sequencing requirements to identify at least 1 error
free clone
DNA fragment
insert size (kb)

Recommended number of colonies
to pick for >95% chance of finding
an error-free clone*

0.3 to 1.0

2–3

1.0 to 1.8

2–4

1.8 to 3.6

4–8

3.6 to 7.2

8–12

*Note: when screening DNA inserts with high GC content
(> 60%), we recommend screening colony numbers on the
upper limit of the ranges listed above. If pre-screening is not
conducted to identify full-length clones to sequence, send
double the number of clones listed in the table to ensure
identification of an error-free clone.

Multiplexed primer colony PCR (cPCR)
This protocol can be used to quickly screen for full-length
clones where the plasmid insert is > 2 kb. In a typical
cPCR reaction, primers are designed such that the resulting
amplicon contains the entire plasmid insert. However,
amplification of templates > 2 kb can be challenging using
typical cPCR. In multiplexed primer cPCR, multiple primer
pairs are added to a single reaction, enabling identification
of full-length clones through several smaller amplicons. We
recommend using ImmoMix™ (Meridian Bioscience cat. no.
BIO-25020) for multiplexed primer cPCR.
Materials
Forward and reverse primers for each amplicon (up to 6
pairs)
• 2x ImmoMix™ PCR master mix
• Nuclease-free water
• Agar selection plate with E. coli colonies transformed from
BioXp™ cloning product
Primer design
If possible, all primers should be designed with a Tm of
~60 °C. Each primer pair should produce an amplicon of
unique size (e.g., for three primer pairs, amplicon sizes could
be 300 bp, 400 bp, and 500 bp). Keep the Tm of all primers
within 2 °C of one another. Design forward and reverse
primers to amplify unique sections of the DNA construct
(e.g., do not overlap amplicons with one another). Primers
can be designed over Gibson Assembly® cloning junctions
to ensure identification of full-length clones containing all
component fragments.
Protocol
1. Determine the number of colonies to screen using
Codex DNA recommendations. Account for insert length
and % GC.
2. In PCR strip tubes or plates, add 50 μL of nuclease free
water to wells. Prepare one well per colony to screen.
3. Using a P200 pipette tip, gently scrape a colony from
agar selection plate.
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4. Note and number colony, or spot onto a repeat plate.
This step is critical for linking the cPCR readout to the
colony for downstream sequencing and analysis.

cPCR reaction setup (25 μL)
Volume (μL)

Final conc.

5. Drop the tip into 50 μL of water. Mix well using pipette,
and discard tip.

PCR Master Mix (2x)

12.5

1x

10 µM forward primer_1

1.25

0.5 µM

6. Repeat for each colony until the desired number of
colonies to screen have been mixed into water.

10 µM reverse primer_1

1.25

0.5 µM

10 µM forward primer_2

1.25

0.5 µM

10 µM reverse primer_2

1.25

0.5 µM

10 µM forward primer_3

1.25

0.5 µM

10 µM reverse primer_3

1.25

0.5 µM

Water/cell mixture

1.25

N/A

Nuclease-free water

q.s. to 25 μL

7. Cap or seal tubes containing water/ cell mixtures.
8. Incubate at 98 °C for 10 minutes to lyse cells. Allow to
cool.
9. Dilute each primer to 10 µM and place on ice.
10. Pull 2x PCR master mix and place on ice to thaw.
11. Put nuclease-free water on ice to cool.
12. Pipette PCR reactions on ice, using the lysed water/ cell
mixture as the DNA template to amplify. Use PCR master
mix according to manufacturer recommendations. See
table below for a typical reaction setup with 3 primer
pairs.

Expected results
In this colony screen, three primer pairs were used to
generate amplicons of 300 bp, 400 bp, and 500 bp. Each
lane corresponds to a unique colony. In each colony, the
expected products were observed.

13. After setting up reactions, use thermocycler conditions
recommended by the manufacturer. For primers that
have a > 2 °C difference in Tm, we recommend using
touchdown PCR to obtain clean PCR products.
14. Analyze 2 μL of each reaction on an agarose gel.
Choose a gel percentage that allows for good separation
between the unique amplicon sizes.
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