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Precautions and Disclaimer
This product is for R&D use only, not for drug, household, or other uses. Please consult 
the Material Safety Data Sheet for information regarding hazards and safe handling 
practices.  

Storage and Stability
This product ships on wet ice and storage at –20 °C is recommended.

Reagents Provided
• TargeTron Access Card (provides password for online target site selection)
• Intron PCR Template
• EBS Universal Primer
• lacZ Control Primer Mix
• pACD4K-C Linear Vector (20 ng/mL)
• JumpStart™ REDTaq® ReadyMix™

• Hind III 20 U/mL
• BsrG I 10 U/mL
• 103 Restriction Enzyme Buffer

Additional Reagents Recommended, Not Supplied
• Chloramphenicol, Catalog No. C1863
• GC5™ Competent Cells, Catalog No. G3169
• Gene specifi c primers to detect chromosomal insertions by PCR
• GenElute™ PCR Clean-up Kit, Catalog No. NA1020
• IPTG (Isopropyl b-D-1-thiogalactopyranosidIsopropyl b-D-1-thiogalactopyranosid), 

Catalog No. I6758
• Kanamycin sulfate, Catalog No. K3763
• LB Agar EZMix™ Powder, Catalog No. L7533
• LB Agar plates with kanamycin (25 mg/mL)
• LB Broth with and without chloramphenicol (25 mg/mL) and 1% glucose (used with 

DE3 strains)
• LB Broth, liquid, Catalog No. L2542
• Pre-cast Agarose Gels, 1% (8-well) , Catalog No. P5472
• Pre-cast Agarose Gels, 1% (24-well) , Catalog No. P5972 
• Pre-cast Agarose Gels, 4% (24-well), Catalog No. P6097
• Quick-Link™ DNA Ligation Kit, Catalog No. LIG2, or equivalent T4 DNA Ligase and buffer
• SOC Medium, Catalog No. S1797
• Target site primers
• Vectors
  • pACD4 TargeTron Vector Set, Catalog No. TV0010
  • TargeTron Vector pACD4K-C-loxP, Catalog No. T2826
  • TargeTron Vector pAR1219, Catalog No. T2076
  • TargeTron Vector pNL9164, Catalog No. T6701
  • TargeTron Vector pJIR750ai, Catalog No. T7701
• Water, Molecular Biology Reagent, Catalog No. W4502 
• X-Gal (5-Bromo-4-chloro-3-indolyl b-D-galactopyranoside), Catalog No. B9146
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pACD4K-C plasmid map (7675 bp total)
Notes:
•   Plasmid is propagated in medium containing chloramphenicol (25 mg/mL).
•   Splicing of the group II intron results in excision of the td intron. Removal of td 

restores the kan ORF prior to chromosomal insertion.

bp Feature

585-1497 p15A ori

1741-1762 T7 promoter

1802-1826 5’ exon (IBS)

1827-4115 intron RNA

2049-2053 EBS2 (exon binding sequence 2)

2102-2111 EBS1d (exon binding sequence 1d)

2524-3711 kanamycin RAM marker (for chromosomal insertion selection, not plasmid propagation)

2820-3212 td group I intron (interrupts kan ORF)

4116-4125 3’ exon

4362-6161 LtrA ORF

6297-6587 T1/T2 transcriptional terminator

7238-219 chloramphenicol (Cm) resistance (for plasmid propagation)

IBS-EBS re-targeting primers for the lacZ 1063|1064a target site (control reaction)

lacZ 1063|1064-IBS 5’-AAAAAAGCTTATAATTATCCTTACGTGACGGTTAAGTGCGCCCAGATAGGGTG

lacZ 1063|1064-EBS1d 5’-CAGATTGTACAAATGTGGTGATAACAGATAAGTCGGTTAACGTAACTTACCTTTCTTTGT

lacZ 1063|1064-EBS2 5’-TGAACGCAAGTTTCTAATTTCGGTTTCACGTCGATAGAGGAAAGTGTCT

EBS Universal 5’-CGAAATTAGAAACTTGCGTTCAGTAAAC
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Unsuccessful transformation Cause — SOC growth time less than an hour.
Solution — When transforming a ligation reaction, 
SOC medium growth time should be at least 1 hour. 
If transforming a retargeted vector purifi ed from a 
cloning strain, the SOC medium growth time may be 
reduced.

Cause — Cells not viable or high enough effi ciency 
for transformation.
Solution — Check transformation effi ciency, or check 
transformation method for specifi c organism. Make or 
obtain new cells for transformation.

Cell death in T7 RNA 
polymerase strain after 
induction with IPTG

Cause — IPTG induction time too long or amount of 
IPTG too much. 
Solution — Reduce the amount of IPTG used to 
induce transcription or reduce the amount of IPTG 
induction time. The lacZ control only requires a 
5–30 minute IPTG induction time.

Minimal colonies on 
25 mg/mL Kan plate using 
T7 RNA polymerase strain

Cause — Lower retrohoming effi ciency.
Solution — After the 1 hour recovery step in LB with 
1% glucose, spin down and resuspend the entire cell 
pellet in 150 mL of LB. Plate all 150 mL on 25 mg/mL 
kanamycin plate.

Negative results after 
extensive troubleshooting

Cause — Low retrohoming effi ciency of chosen 
design.
Solution — Choose another design.

Cause — Essential gene.
Solution — Change growth conditions to 
compensate for gene loss, e.g., introduce a metabolite 
eliminated by the knockout.
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Procedure
1. Protocol overview

 Target Site Selection
• Cut and paste your gene sequence into the algorithm fi eld on the TargeTron 

Design Site.
• Submit your sequence to generate potential insertion sites (usually 5 to 11 sites are 

found per 1 kb gene) and the primer designs to re-target the intron.
• Once the sequence is submitted, one access has been used. Please download and 

save the output/primer designs. Once you leave the output screen, you will not be 
able to view the output/primer designs again without using another access.

• Order the 3 primers required to re-target the intron to your target site.

 Lab Day 1
• Perform PCR reaction to mutate (re-target) the RNA portion of intron.
• Cut the PCR fragment to produce cohesive ends (Hind III and BsrG I).
• Ligate the mutated PCR fragment to a linearized vector containing the remaining 

portion of the intron.
• For strains with high transformation effi ciency (e.g. >107 cfu/ug), directly transform 

the ligation reaction into the knockout host. For low effi ciency strains, it is best 
to isolate a plasmid clone in an E. coli cloning strain, then transform the isolated 
re-targeted plasmid into the knockout strain.

 Lab Day 2
• Grow the cells to log-phase and induce intron expression and insertion.
• Plate the cells on kanamycin-containing agar medium to select for insertions.

 Lab Day 3
• Confi rm the presence of gene specifi c insertions by colony PCR.

2. Detailed Protocol
 A.  Target site selection and primer ordering
  Note: A set of control primers provided in the kit can be used to knockout the lacZ 

gene in E. coli (see page 13 for the lacZ target site sequence for these primers).

1. Cut and paste your target DNA sequence into the algorithm fi eld on the TargeTron 
Design Site: sigma-aldrich.com/targetronaccess. Once you have input your 
target DNA sequence, click submit once. Submitting the target DNA sequence is 
considered one access.

2. From the output design options, locate the region of the gene you want to disrupt 
and pick the target site with the lowest E-value.

  Note: Please download and save the output design options. Once you leave the output 
screen, you will not be able to view the output design options again without using 
another access.

3. Order the primer sets (IBS, EBS2, and EBS1d) corresponding to chosen design 
options.

  Note: The TargeTron algorithm identifi es potential insertion sites, each rated with an 
E-value. Lower E-values correspond to higher predicted intron insertion effi ciency. 
Target sites with an E-value <0.5 are predicted to be effi cient introns. The target sites 
are named by their insertion point within the DNA sequence and are noted as sense (s) 
or anti-sense (a).
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A 1 kb gene should have roughly 5 to 11 target sites from which to choose. For DNA 
sequences <400 bp, optimal target sites may not be present. It is recommended that 
at least 2 target sites be selected for a gene of interest. Several factors may affect the 
success or failure of a given design option, including:

•  Accuracy of the known genomic sequence (especially important when 
testing alternative bacterial strains that might possess genomic deletions or 
rearrangements relative to a known genomic sequence).

• Essentiality of the target gene under given growth conditions.
• Polar effects (e.g., insertion affecting expression of adjacent genes).
• The actual effi ciency of the re-targeted intron.

Three unique primers, IBS, EBS2, and EBS1d, are required to re-target the intron to 
insert at a specifi c site. The sequence of these primers will be generated automatically 
for each target site. De-salt purity primers are suffi cient in most cases; however, optimal 
PCR specifi city and yield is obtained with primers of HPLC purity.

 B.  PCR for intron re-targeting
Note 1: In this step, a PCR reaction is performed which re-targets the intron by primer-
mediated mutation. The PCR uses four primers in a single-tube reaction to mutate the 
intron at several positions spanning a 350 bp region.

1. Upon receipt of the primers, dilute (using water-molecular biology reagent) the IBS 
and EBS1d primers to 100 mM, and the EBS2 primer to 20 mM.

2. Make a four-primer master mix as follows:

2 mL IBS primer (100 mM)
2mL EBS1d primer (100 mM)
2 mL EBS2 primer (20 mM)
2 mL EBS Universal Primer (20 mM)

12 mL Water (molecular biology reagent)
20 mL Total volume

Note 2: The LacZ Control Primer Mix included with the kit is a ready-to-use four-primer 
set. These primers will re-target the intron to knockout the E. coli lacZ gene and can be 
used to test the performance of the kit from PCR through fi nal knockout.

3. Set up the PCR reaction as follows:

23 mL Water (molecular biology reagent)
1 mL Four-primer mix (lacZ control or specifi c 

primers for your target site
1 mL Intron PCR Template

25 mL JumpStart REDTaq ReadyMix
50 mL Total volume

11

The primers used to re-target the intron in the initial PCR step can be used as intron 
specifi c primers (e.g., EBS Universal and the EBS2 primer). Use the guide below to select 
primers for PCR detections at gene-intron junctions:

Intron 
Orientation

Intron 
Junction

Intron 
Primer

Gene 
Primer

Sense 5’  EBS Universal For
Sense 3’ EBS2 Rev
Antisense 5’  EBS Universal Rev
Antisense 3’ EBS2 For

The total size of the colony PCR product using the EBS Universal primer will be 
219 bp + adjacent gene sequence determined by the location of your gene specifi c 
primer. The total size of the colony PCR product using the EBS2 primer will be 
2059 bp + adjacent gene sequence determined by the location of your gene 
specifi c primer.

Troubleshooting Guide

No target sites found on Web 
site or no target sites found 
in a desired location within a 
gene

Cause — DNA sequence too short.   
Solution — DNA sequences <400 bp may not 
contain target sites. A 100 bp DNA sequence has a 
~40% chance of producing a single target site. Try 
increasing the E-value cut-off to 0.6. Contact Technical 
Service for details.

PCR – No one-step PCR 
product, or 350 bp band is 
not  prevalent band

Cause — De-salt purity primers ordered instead of 
HPLC purity primers.
Solution — De-salt purity primers are suffi cient in 
most cases. However, optimal PCR specifi city and yield 
is obtained with primers of HPLC purity primers.

Unsuccessful restriction 
enzyme digestion

Cause — Unpurifi ed PCR product added to restriction 
enzyme digestion.
Solution — Add only purifi ed PCR product to the 
restriction enzyme digestion reaction. Removal of 
dNTPs and polymerase is critical to prevent fi ll-in of 
Hind III and BsrG I overhangs.

Unsuccessful ligation Cause — Ligation is inactive.
Solution — Obtain new ligase.

Cause — Ligation incomplete.
Solution — Perform ligation reaction for at least 
30 minutes.
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2. Heat shock the cells for 40 seconds at 42 °C. Place cells on ice for 2 minutes. Add 
450 mL of room temperature SOC Medium.

3. Grow at 37 °C with shaking for 1 hour. Add 100 mL of this transformation reaction 
to 3 mL of LB, containing 25 mg/mL chloramphenicol, 1% glucose. Incubate 
overnight at 37 °C with shaking.

4. The following morning, add 40 mL of the overnight culture to 2 mL of LB broth 
containing 25 mg/mL chloramphenicol, 1% glucose and grow at 37 °C to an OD600 
of ~0.2.

5. When the OD600 is a~0.2, cool the incubator to 30 °C. Add 10 mL of 100 mM stock 
IPTG to the 2 mL culture and incubate at 30 °C for 30 minutes with shaking.

Note 2: This IPTG step induces group II intron transcription. The intron encoded protein 
is then translated and forms an RNP complex with the group II intron RNA transcript. 
This RNP scans the chromosome for the specifi c site of insertion and disrupts the gene 
of interest.

6. After the 30-minute induction step, immediately centrifuge the cells at maximum 
speed in a microcentrifuge for 1 minute.

7. Resuspend in 1.0 mL of LB broth containing 1% glucose (no chloramphenicol).

8. Incubate at 30 °C for 1 hour with shaking.

9. Plate 100 mL of culture on an LB agar plate containing 25 mg/mL kanamycin.

Optional: Spread 30 mL each of 20 mg/mL X-Gal and 100 mM IPTG onto the plate in 
order to confi rm lacZ knockout in the control reaction (white colonies). When testing a 
re-targeted intron for the fi rst time, plating the entire culture is recommended. Do this 
by centrifuging the 1.0 mL culture, resuspending in 100 mL of LB broth, and plating on 
LB agar plates containing 25 mg/mL kanamycin.

10. Grow overnight at 30 °C or on the bench top at room temperature for several days 
(Friday afternoon to Monday morning is suffi cient at room temperature).

11. Pick colonies and perform colony PCR across the intron-gene junction to verify the 
correct target site insertion.

 G.  Confi rmation of knockouts by colony PCR
Two options for PCR detection of intron insertions are shown below:

1. Use gene specifi c primers that fl ank the insertion site and amplify the entire 
inserted intron (~2 kb). Here, intron insertion is shown in the sense direction.

ATG
For

introngene gene

Rev
STOP

2. Use a gene specifi c primer and an intron specifi c primer to amplify across 
gene-intron junctions.

ATG
For

intron

OR

gene gene

EBS Universal
STOP

ATG
EBS2

introngene gene

Rev
STOP
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4. Cycle the PCR reaction as follows:

Initial Denaturation 94 °C, 30 seconds
30 Cycles:
    Denaturation 94 °C, 15 seconds
    Annealing 55 °C, 30 seconds
    Annealing/Extension 72 °C, 30 seconds
Final Extension 72 °C, 2 minutes

Soak 4 °C

5. Typical PCR yields are 10–30 ng/mL. When run on a 4% agarose gel, three bands 
should be visible. The uppermost 350 bp band is the desired product and should 
be the predominant band. Even though lower bands are visible, they do not 
adversely affect the cloning reaction, and do not need to be removed by agarose 
gel purifi cation.

350 bp re-targeting
PCR product

6. Purify the DNA from the reaction using the GenElute PCR Clean-up Kit, Catalog 
No. NA1020.

 C.  Double digestion with Hind III and BsrG I

Note 1: Following PCR of the 350 bp fragment, a modifi cation to the digestion 
reaction may be required. Please refer to the table of TargeTron vectors below in order 
to determine whether Dpn I should be added to the Hind III and BsrG I digestion 
reaction.

Vector
Dpn I

Required
Dpn I

Not Required
pACD4K-C X
TargeTron Vector pACD4K-C-loxP, Cat. No. T2826 X
pACD4 TargeTron Vector Set, Cat. No. TV0010 X
TargeTron Vector pNL9164, Cat. No. T6701 X
TargeTron Vector pJIR750ai, Cat. No. T7701 X
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Note 2: Following purifi cation of the PCR product, cohesive ends must be generated 
for ligation into the pACD4K-C Linear Vector.

1. Set up a restriction digestion as follows:

8 mL Purifi ed PCR product (~200 ng)
2 mL 103 Restriction Enzyme Buffer
1 mL Hind III (20 U/mL)
1 mL BsrG I (10 U/mL)
8 mL Water (molecular biology reagent)

20 mL Total volume

2. Incubate the reaction for:
30 minutes, 37 °C
30 minutes, 60 °C 
10 minutes, 80 °C

Note 3: BsrG I is thermophilic and has increased activity at 60 °C.

 D.  Ligation and transformation

Note 1: The following ligation example uses buffers and volumes recommended in the 
Quick-Link T4 DNA Ligation Kit Catalog No. LIG2. 

1. Mix the following:

2 mL pACD4K-C Linear Vector (40 ng)
6 mL Hind III/BsrG l-digested intron PCR product

(350 bp)
10 mL Quick-Link Buffer A

2 mL Quick-Link Buffer B
20 mL Total volume

2. Mix, heat to 60 °C for 30 seconds.

3. Cool on ice for 1 minute.

4. Add 1 mL of Quick-Link Ligase, mix.

5. Incubate at room temperature for 30 minutes.

6. Transform into cloning strain or desired knockout strain according to organism-
specifi c protocols.

Optional: The effi ciency of the control ligation reaction can be assessed by plating 
the transformation on LB agar-chloramphenicol (25 mg/mL)-X-Gal-IPTG (30 mL each of 
20 mg/mL X-Gal and 100 mM IPTG spread on plates) and observing the ratio of white 
(successfully re-targeted) to blue (non-mutated/parental) colonies. This screen must be 
performed in a lacZa complementing strain of E. coli such as GC5™ or DH5a™.

The linearized pACD4K-C plasmid sold in this kit contains a 769 bp lacZa fragment 
between the Hind III and BsrG I sites. Upon linearization this was removed, ready 
for replacement with a 350 bp re-targeting fragment. Any blue colonies observed 
during re-targeting/cloning steps are not re-targeted and will not produce successful 
knockouts.
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 E.  Induction of gene disruption
Note 1: The pACD4K-C vector contains a T7 promoter to express the intron. Thus, a 
DE3 strain of E. coli (or a strain expressing T7 polymerase) is necessary for induction 
of TargeTron intron-mediated gene disruption. See Appendix for guidelines on using 
TargeTron in non-DE3 strains.

Note 2: If the host strain is low competency (< 107 cfu/ug), it maybe necessary to 
fi rst transform a high competency E. coli strain with the ligation reaction, isolate a re-
targeted clone (e.g. white colonies on plates with IPTG and X-Gal), then transform the 
host strain with the clonal plasmid.

Note 3: pACD4K-C is chloramphenicol resistant for general selection and propagation 
of the plasmid. When integrated into the chromosomal target site, a kanamycin marker 
is activated. The kanamycin marker located within the group II intron on pACD4K-C is 
interrupted by a td group I intron. When the group II intron is transcribed and spliced, 
the td group I intron is excised, activating the kanamycin marker. After insertion of the 
group II intron into the host genome, kanamycin resistance can be used to select for 
mutants containing genes disrupted by the group II intron.

Some vectors, such as the pACD4-A,C,G,T , Cat. No. TV0010, do not contain a 
selectable antibiotic marker in the intron. In many cases a selectable marker is not 
required to isolate an insertional mutant, which can often be identifi ed simply by 
colony PCR screening. This can expedite sequential knockouts in multiple genes by not 
having to remove the selection marker.

Note 4: When culturing pACD4K plasmids in DE3 strains, 1% glucose is added to 
repress the lacUV5 promoter of T7 RNA polymerase on the DE3 E. coli chromosome. 
This will prevent premature group II intron transcription before IPTG induction that may 
have an adverse effect on viability.

Note 5: The following procedure is a general guideline. For specifi c procedures using 
E. coli-like organisms, refer to the next section outlining gene knockout of lacZ in BL21 
(DE3). For other organisms, alter the lacZ example procedure to use growth conditions 
optimal for the particular strain.

1. Continue from transformation of the desired knockout strain.

2. Add part of the transformation reaction to medium containing chloramphenicol 
and glucose (if DE3 strain). Grow overnight or as appropriate.

3. Dilute an overnight (saturated) culture in fresh medium containing chloramphenicol 
and glucose (if DE3 strain) and grow to an OD600 of ~0.2.

4. Add IPTG (or other promoter-specifi c induction reagent) and incubate.

5. Centrifuge the cells and resuspend in medium containing glucose (if DE3 strain).

6. Incubate cells with shaking.

7. Plate cells on nutrient agar containing kanamycin.

8. Screen kanamycin resistant colonies for gene disruption by colony PCR.

 F.   Example for knockout of lacZ in Escherichia coli BL21(DE3)
Note 1: The procedure below starts with the transformation of the ligation reaction or 
the transformation of an isolated (e.g. clonal) re-targeted plasmid. If the transformation 
effi ciency of your BL21(DE3) strain is > 107 cfu/mg, then the ligation reaction can be 
used directly for knockout. If the transformation effi ciency < 107 cfu/mg, isolate a 
clonal plasmid, then transform BL21(DE3).

1. On ice, add 1 mL of the ligation reaction (or clonal plasmid)  to 50 mL of chemically 
competent E. coli BL21(DE3). Incubate on ice for 10 minutes.


