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λ Select-cII Mutation Detection System  
for Big Blue Rodents 

MATERIALS PROVIDED 
Materials provided Quantity 

E. coli host strain G1250 (bacterial glycerol stock)a 1 ml 

Control phage solution  125 μl 

Transpack packaging extract 50 reactions 
a The genotype of the E. Coli host strain G1250 is Δ(mcrA)183 Δ(mcrCB-hsdSMR-mrr)173 endA1 supE44 supF  

thi-1 gyrA96 relA1 lac hflB29(linked to Tn10) hflA::Tn5 T-res. The T-res phenotype, produced by a mutation in an 
uncharacterized gene, confers resistance to a T1-like phage contaminant.1 

Note We recommend reading the entire instruction manual before attempting the experimental 
procedure. 

STORAGE CONDITIONS 
Transpack Packaging Extract: –80°C (Do not let the packaging extracts thaw! Do not store the 

packaging extracts in liquid nitrogen because the tubes may explode.) 
Bacterial Glycerol Stock: –80°C 
Control Phage Solution: –80°C on receipt (Thaw once only, divide into 25-μl aliquots, and store  

at –20°C.) 
 
 

Revision B.0 © Agilent Technologies, Inc. 2015. 
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INTRODUCTION 
The λ Select-cII mutation detection system for Big Blue rodents is a positive 
mutant-screening method for mutagenesis studies using  
Big Blue transgenic rodents. The λ Select-cII system is a part of the  
Big Blue transgenic rodent mutagenesis assay system*—an in vivo system 
for assessing the genetic toxicity of test compounds—and is an alternative to 
the plaque-color-screening assay for screening mutants (see  
Big Blue Transgenic Rodent Mutagenesis Assay System Instruction 
Manual).  
 
Selection of mutants in the λ Select-cII mutation detection system is based 
on the ability of the coliphage lambda (λ) to multiply through either the lytic 
or lysogenic cycle in Escherichia coli host cells. The commitment to either 
lysis or lysogeny made by lambda upon infection of an E. coli host cell is 
regulated by a series of proteins, one of which is the product of the 
cII gene.2 Transcription of the cII gene is initiated at the PR promoter, and 
the cII gene is transcribed as part of a polycistronic message (see Figure 1). 
At two lambda promoters, the cII protein activates transcription of genes 
essential for the lysogenic response. One of the promoters activated by the 
cII transcription activator is PRE. PRE is located within the 5´ end of the 
cII gene in the orientation opposite to that of cII transcription and 
establishes transcription of the gene for the cI repressor protein. The 
cI repressor protein binds to the OR operator, inhibiting transcription at PR 
and effectively shutting down transcription of several genes essential for the 
lytic response, committing the phage to the lysogenic cycle. 
 
 

Figure 1 The Big Blue λLIZ shuttle vector is ~45.5 kb. The expanded regions show the 
areas important for both the plaque-color-screening assay (which contain lacI) and the λ 
Select-cII assay (which contain cII). The λ cII gene is shown, along with the other genes 
(cro, O, P, and Q) that are transcribed as a polycistronic message from the PR promoter. 
The gene for the cI repressor protein contains the temperature-sensitive cI857 mutation 
that disables the cI repressor protein at 37°C, allowing titering in the G1250 host strain. 
 
* U.S. Patent Nos. 5,347,075, 5,589,155, and 5,824,287; European Patent No. 0289121; and 

Japanese Patent No. 2618973. 
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The Big Blue λLIZ shuttle vector, which is derived from the coliphage 
lambda, is the basis of the Big Blue assay system (see Figure 1). The 
genome of each Big Blue transgenic mouse and Big Blue transgenic rat 
harbors multiple tandem copies of the λLIZ shuttle vector. The cII gene of 
lambda in the Big Blue λLIZ shuttle vector is the target for mutagenesis in 
the λ Select-cII system.2 A detectable mutation in the cII gene either impairs 
the function of the cII protein or disables the PRE promoter of the cI gene, 
preventing transcription of the cI gene. In the absence of the cI repressor 
protein, the phage multiply through the lytic cycle (see Figure 2). 
A nonmutant cII gene results in a functional cI repressor protein, and the 
phage genome undergoes lysogenization. 
 
In the λ Select-cII mutation detection system, the lambda phage, each 
containing a rescued shuttle vector, infect a host strain and grow under 
conditions that favor lysogeny. The E. coli host strain G1250 (which is 
derived from the XL1-Blue MRA strain) carries mutant hflA and hflB genes 
that facilitate the lysogenic response by increasing the stability of the 
cII protein.3 When infecting this hfl– host strain growing at 24°C, lambda 
phage with the wild-type cII gene (λ+) undergo lysogenization and become 
part of the developing bacterial lawn. When infecting the G1250 strain 
under the same lysogeny-favoring conditions, lambda phage that carry 
detectable mutations in the cII gene (λ cII–) survive and multiply only 
through the lytic cycle, resulting in plaques in the bacterial lawn. 
 
 

 

Figure 2 The cII protein influences the commitment of λ phage to either the lysogenic or 
the lytic (plaque-forming) response; cI(ts), temperature-sensitive cI repressor protein 
(encoded by the cI857 gene); RNA pol, RNA polymerase. 
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Figure 3 Overview of the λ Select-cII mutation detection system. The first three steps of 
the λ Select-cII system—animal treatment, DNA isolation, and packaging—are the same 
as those of the plaque-color-screening assay. Packaged phage then infect the E. coli host 
strain G1250, which is incubated at 24°C to select λ cII– mutants. To determine the total 
number of plaques screened, a dilution of the infected host strain is incubated at 37°C.  
 
 
The λ Select-cII mutation detection system is composed of a sequence of 
procedures (see Figure 3). After treatment with a test compound, genomic 
DNA is isolated from the tissues of interest. The Big Blue λLIZ shuttle 
vector is then rescued from the rodent genomic DNA using 
Transpack packaging extract, which rescues the λLIZ shuttle vector from 
the genomic DNA and packages the vector into viable phage particles. The 
individually packaged lambda phage then infect the E. coli host strain 
G1250. The phage-infected G1250 culture is plated, and the plates are 
incubated at 24°C for 40–48 hours—the conditions for λ cII– selection. To 
enumerate the total number of plaques screened, a dilution of the phage-
infected G1250 culture is plated and incubated at 37°C overnight—the 
nonselective conditions. Because the λLIZ shuttle vector contains the 
temperature-sensitive cI857 mutation, λ+ multiply through the lytic cycle 
under the nonselective conditions, resulting in plaque formation (see 
Figure 2). The λ cII– mutant frequency—an indication of the genetic toxicity 
of the test compound—is ratio of the number of λ cII– plaques to the total 
number of plaques screened.  
 
The small size of the cII gene—approximately 300 bp in length, including 
the mRNA ribosome binding site and the cII protein-activated  
PRE promoter—and the use of a quick cycle-sequencing protocol simplify 
sequencing and expedite the analysis of mutational spectra.  
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OVERVIEW OF THE λ SELECT-CII MUTATION DETECTION SYSTEM 
The λ Select-cII mutation detection system for Big Blue rodents comprises 
the following sequence of procedures: 

1. Isolating the genomic DNA from Big Blue transgenic rodents 

2. Performing the packaging reaction 

3. Preparing the G1250 plating culture 

4. Plating the packaged DNA samples and the control phage solution 

5. Examining the titer plates and the screening plates 

6. Verifying the putative λ cII– mutants  

7. PCR amplification and sequence analysis of the cII gene 
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ISOLATING GENOMIC DNA 

Materials Required 
Big Blue transgenic rodents*  
RecoverEase DNA isolation kit*  

Tissue Samples 
The quality and the size of the DNA are major factors that affect the rescue 
efficiency. We suggest practicing the DNA isolation procedure on a 
nontransgenic animal before attempting the procedure on an experimental 
Big Blue transgenic rodent.  
 
The RecoverEase DNA isolation kit isolates genomic DNA in the optimal 
size range of 100–300 kb or larger and has been tested extensively for 
efficient phage rescue from Big Blue rodents. Results are not guaranteed if 
other reagents are used. The RecoverEase DNA isolation kit has been tested 
extensively with liver, spleen, kidney, brain, whole testes, lung, heart, bone 
marrow, and cultured cell lines.4 The procedure involves isolation and 
digestion of nuclei in a proteinase K solution followed by overnight dialysis. 
Benefits of the isolation procedure in the RecoverEase DNA isolation kit 
include the early removal of nucleases in the cell cytosol, the elimination of 
toxic phenol and chloroform, the reduction of shearing forces involved in 
the phenol–chloroform extractions, and a decrease in the hands-on time 
required by the procedure. In addition, DNA is completely solubilized and 
ready to use immediately after dialysis, eliminating the rehydration step. 
Some tissues, such as bladder and skin, are not amenable to the nuclei 
isolation step that must be performed with the RecoverEase DNA isolation 
kit. 
 
 
* Stratagene Catalog #720202 (30 reactions) and #720203 (15 reactions). 
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Protocol 

1. Quickly, and in rapid succession, dissect a tissue from the transgenic 
rodent, wrap the tissue in aluminum foil, flash-freeze the wrapped 
tissue in liquid nitrogen, and proceed with the next tissue of interest. To 
minimize the in situ degradation of the DNA, each tissue of interest 
should be dissected, wrapped, and flash-frozen in liquid nitrogen as 
rapidly as possible. Store the frozen tissues at –80°C. 

2. Isolate genomic DNA using either the Big Blue DNA isolation kit or 
the RecoverEase DNA isolation kit. 

3. Package the genomic DNA immediately or store the genomic DNA in a 
buffer of pH 7.5 [e.g., TE buffer (see Preparation of Media and 
Reagents)] at 4°C, protected from light, for up to one month. 

Note Storing DNA for extended periods of time or in buffers of 
pH<7.5 can lead to increased mutant frequencies. 
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PERFORMING THE PACKAGING REACTION 

Materials Required 
Genomic DNA isolated from the test specimens 
Transpack packaging extract 
SM buffer (see Preparation of Media and Reagents) 
Both standard and wide-bore yellow pipet tips  

Protocol 

1. Rescue the shuttle vector from the genomic DNA using Transpack 
packaging extract by following steps 1–9 in Performing the Packaging 
Reaction in the Transpack Packaging Extract Instruction Manual. 

Hint For very viscous DNA preparations (e.g., DNA prepared 
using the RecoverEase DNA isolation kit), packaging 
efficiencies can be improved using a standard-bore yellow 
pipet tip for the second addition of Transpack packaging 
extract, vigorously pipetting the sample to break down the 
viscosity before returning the tube to 30°C. 

2. Following the final 90-minute incubation at 30°C, add 1.1 ml of 
SM buffer to each packaging reaction. 

Note One milliliter of this solution will be used for screening λ cII– 
mutants. The remainder will be used for titering. 

3. Vortex the packaging reaction at maximum speed for 10 seconds to 
ensure a homogeneous solution. 

4. Briefly pulse the tube in a microcentrifuge to bring down any solution 
collected on the lid and sides. 

5. Store the completed packaging reaction on ice until ready to use. The 
completed packaging reaction diluted with SM buffer to a final volume 
of ~1.13 ml is referred to as the packaged DNA sample. 
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PREPARING THE G1250 PLATING CULTURE 

Materials Required  
E. coli host strain G1250 (bacterial glycerol stock) TB1 liquid medium§ 
100-mm TB1-kanamycin agar plates§ 10 mM MgSO4

§ 
20% (w/v) Maltose–1 M MgSO4 solution§  

Protocols 

Preparing the G1250 Liquid Culture  

1. At least two days before plating, use a sterile inoculating loop to streak 
splinters of solid ice from the bacterial glycerol stock containing the 
E. Coli host strain G1250 onto a 100-mm TB1-kanamycin agar plate. 

2. Incubate the bacterial streak plate in a stationary 30°C incubator for at 
least 24 hours. 

Note The bacterial streak plates can be stored at 4°C for up to one 
week. 

3. On the day before plating, combine 10 ml of TB1 liquid medium with 
100 μl of the 20% (w/v) maltose–1 M MgSO4 solution in a sterile  
50-ml screw-cap conical tube. 

4. Inoculate the liquid medium with several colonies from the bacterial 
streak plate. 

Note Be sure to start with a sufficient number of 10-ml G1250 
liquid cultures for the plating and titering requirements (see 
Plating the Packaged DNA Samples and Control Phage 
Solution). Assume each 10-ml G1250 liquid culture will 
supply enough plating culture for ~50 plates. 

5. Incubate the liquid culture overnight in a 30°C shaking incubator with 
vigorous shaking (250–300 rpm). 

Preparing the G1250 Plating Culture on the Day of Plating 

1. Centrifuge the conical tube containing the G1250 liquid culture at 
1500 × g for 10 minutes to pellet the bacterial cells. 

2. Discard the supernatant and gently resuspend the cell pellet in 10 ml of 
10 mM MgSO4. 

 
 
§ See Preparation of Media and Reagents. 
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3. Measure the absorbance of a 1:10 dilution (0.1 ml of cells and 0.9 ml of 
10 mM MgSO4) at a wavelength of 600 nm and calculate the OD600 of 
the undiluted cell suspension. 

4. Dilute the cell suspension to a final OD600 of 0.5 with 10 mM MgSO4. 
The prepared suspension of G1250 cells at an OD600 of 0.5 is referred 
to as the G1250 plating culture. 

5. Store the G1250 plating culture on ice until ready to use. 

Note We recommend using the G1250 plating culture within  
1–2 hours. 



λ Select-cII Mutation Detection System 11 

PLATING THE PACKAGED DNA SAMPLES AND THE CONTROL PHAGE 
SOLUTION 

Materials Required 
Packaged DNA sample Molten TB1 top agar,§ cooled to 55°C (2.5 ml/plate) 
G1250 plating culture (0.2 ml/plate) 100-mm TB1 agar plates,§ warmed to room temperature 
Control phage solution SM buffer 
Sterile 14 × 100-mm tubes  

Preprotocol Considerations 

Temperature 
A consistent incubation temperature of 24°C is an important condition for 
the selection of λ cII– mutants. The temperature deviation from 24°C should 
not exceed ±0.5°C. A stable 24°C temperature can be achieved by placing 
an incubator in a refrigerated room (4–20°C). Check for temperature 
variation using a precision high–low thermometer. 

Plating Medium 
TB1 liquid medium is a lean growth medium that facilitates large plaque 
size. The bacterial lawn on the plates incubated under the selective 
conditions (at 24°C for 46–48 hours) may have a mottled appearance, 
possibly due to the incomplete lysogenic cycles of phage containing the 
wild-type shuttle vector. The source of peptone used to prepare the  
TB1 liquid medium (and to a lesser extent, the agar) can influence the 
severity of this mottled background. 

Solidifying Agent 
Use bacteriological-grade agar when making TB1 top agar and TB1 agar 
plates. In general, purified agarose should not be substituted for agar in the 
top agar recipe that will be used for λ cII– mutant selection. Poor plaque 
development has been observed when using TB1 top agarose under the 
condition of 24°C growth. 

Plates 
Use TB1 agar plates that are less than one week old. Each packaged DNA 
sample will require a total of 16 TB1 agar plates (10 plates for mutant 
screening and 6 plates for titering). Include at least two extra plates per 
plating experiment for the control phage solution. 

Control Phage Solution 
The control phage solution is a mixture of λ cII– and λ+ phage and is plated 
to ensure that adequate selection conditions exist during each plating 
experiment. The control phage solution is shipped frozen in a single tube. 
The phage should be thawed once, divided into 25-μl aliquots, and stored at 
–20°C. Do not thaw the aliquots more than once because multiple freeze–
thaw cycles will reduce the phage titer. 
 
§ See Preparation of Media and Reagents. 
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Plating Protocols 

Plating a Packaged DNA Sample 

1. Label 16 sterile 14 × 100-mm tubes and 16 TB1 agar plates as follows: 
Label three tubes and three plates titer 100, label three tubes and 
three plates titer 20, and label ten tubes and ten plates screening. 

2. Pipet 0.2 ml of the G1250 plating culture into each of the 16 labeled 
tubes (see Table I).  

3. Make 1:100 dilutions of the packaged DNA sample in triplicate by 
combining 10 μl of the packaged DNA sample with 990 μl of 
SM buffer in each of three 1.5-ml microcentrifuge tubes (see the 
following table). 

 
1.5-ml 
Microcentrifuge tube 

Undiluted packaged 
DNA sample volumea SM buffer volume 

A 10 μl 990 μl 

B 10 μl 990 μl 

C 10 μl 990 μl 
a A total of 30 μl of the packaged DNA sample is required. 

Mix the diluted packaged DNA samples thoroughly using a vortex 
mixer. 

4. Divide each of the three 1:100 dilutions of the packaged DNA sample 
into two tubes from step 2 that contain 0.2 ml of G1250 plating culture 
as follows: add 100 μl of each 1:100 dilution to a tube labeled titer 100 
and add 20 μl to a tube labeled titer 20 (six of the 16 tubes from step 2 
will be used) (see Table I).  

5. Add 100 μl of undiluted packaged DNA sample to each of the 
10 tubes from step 2 labeled screening (see Table I). 

 
TABLE I 

Tube/plate 
number Tube label 

G1250 plating 
culture volume 

Diluted packaged DNA sample 
volume Undiluted 

packaged DNA 
sample volume 

Protocol 
step 

From 
tube A 

From 
tube B 

From 
tube C 

1 Titer 100 0.2 ml 100 μl — — — 4 

2 Titer 100 0.2 ml — 100 μl — — 4 

3 Titer 100 0.2 ml — — 100 μl — 4 

4 Titer 20 0.2 ml 20 μl — — — 4 

5 Titer 20 0.2 ml — 20 μl — — 4 

6 Titer 20 0.2 ml — — 20 μl — 4 

7–16 Screening 0.2 ml — — — 100 μl each 5 
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6. Agitate all the tubes for a few seconds to mix the contents. Incubate the 
tubes at room temperature for 30 minutes to allow the phage to adsorb 
to the host cells. 

7. Using a 10-ml pipet, take up 12.5 ml of molten TB1 top agar (cooled to 
55°C) and immediately pipet 2.5 ml into each of five of the tubes that 
contain phage-adsorbed host cells. 

8. Quickly but gently, pour the contents of each tube onto the 
appropriately labeled TB1 agar plate and agitate the plate to ensure a 
smooth, even distribution before the top agar hardens. 

9. Repeat steps 7 and 8 until all 16 plates are completed. 

10. Place the six titer plates upside down in a stationary 37°C incubator and 
incubate the plates overnight. 

11. Within 30 minutes of plating, place the 10 screening plates upside 
down in a stationary 24°C incubator and incubate the plates for  
46–48 hours. 

Plating the Control Phage Solution 

1. Pipet 0.2 ml of G1250 plating culture into each of two sterile  
14 × 100-mm tubes, one labeled control 24°C and one labeled control 
37°C.  

2. Dilute the control phage solution 1:100 by combining 10 μl of control 
phage solution with 990 μl of SM buffer and mixing thoroughly. 

3. Add 10 μl of the diluted control phage solution to the tube labeled 
control 37°C. 

4. Add 10 μl of undiluted control phage solution to the tube labeled 
control 24°C. 

5. Agitate both tubes for several seconds to mix the contents. Incubate the 
tubes at room temperature for 30 minutes to allow the phage to adsorb 
to host cells. 

6. Using a 5-ml pipet, take up 5 ml of molten TB1 top agar (cooled to 
55°C) and immediately pipet 2.5 ml into each tube containing phage-
adsorbed host cells. 

7. Quickly but gently, pour the contents of each tube onto the 
appropriately labeled TB1 agar plate and agitate the plate to ensure a 
smooth, even distribution before the top agar hardens. 

8. Incubate the plate labeled control 37°C at 37°C overnight and incubate 
the plate labeled control 24°C at 24°C for 46–48 hours. 
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EXAMINING THE TITER PLATES AND THE SCREENING PLATES 

Materials Required 
White-light box  
Marking pen 

Checking the Control Phage Plates 
The concentration of all phage (number of phage/microliter) in the control 
phage solution is estimated by counting the number of plaques on the 
control 37°C plate following the overnight incubation at 37°C. On the 
control 24°C plate, 50–100 λ cII– plaques should develop out of the  
5,000–10,000 total phage plated after the 46–48-hour incubation at 24°C. In 
a given lot of control phage solution, the ratio of mutant to wild-type 
plaques should remain similar for each plating experiment. 

Estimating the Total Plaques Screened 
Following the 37°C overnight incubation, examine the two groups of 
triplicate titer plates (labeled titer 100 and titer 20). Count the number of 
plaques on the group of titer plates that falls closest to the range of  
50–200 plaques per plate. Determine the mean number of plaques for the 
triplicate platings and calculate the total number of plaques screened over 
the ten screening plates as follows: 
 

( )Total plaques screened =
Mean number of plaques / titer plate

Number of l of dilution/ titer plate
dilution 100 l / plate 10 plates

μ
μ







 × × ×

 

Example The mean number of plaques per plate in the group labeled titer 20 is 108. Twenty 
microliters of a 100-fold dilution was plated on each titer plate in this group. 
Therefore, the total number of plaques screened is 108/20 μl of diluted phage per titer 
plate × 100 (the dilution factor) × 100 μl of undiluted phage per screening plate × 10 
screening plates = 540,000 total plaques screened. 

Identifying Putative λ cII– Plaques on the Screening Plates 

1. Examine the screening plates immediately following the 46–48-hour 
incubation at 24°C. Examine each plate with the lid removed. Hold 
each plate over the white-light box and look for any disturbance in the 
host lawn that may be a λ cII– plaque. To more easily identify the 
plaques, place a black object on a portion of the light box and move the 
plate across the contrasting background. 
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2. Using a marking pen, draw a circle on the bottom surface of the plate 
around each putative λ cII– plaque and give the putative plaque an 
identification number. 

Note Some λ cII– plaques are large and very obvious while others 
may be difficult to distinguish from typical plating artifacts. 
All possible mutants should be circled and verified (see 
Verifying the Putative λ cII– Mutants). 

3. The plates can be stored at 4°C until the putative λ cII– plaques are 
cored (see Verifying the Putative λ cII– Mutants). 

VERIFYING THE PUTATIVE λ CII– MUTANTS 
The putative mutant plaques should be replated at a low density under the 
selective conditions for two reasons:  

1) Plating artifacts can sometimes look like tiny plaques. Therefore, the 
λ cII– phenotype of each mutant should be verified before the mutant 
frequency is determined. 

2) Agar cores taken from a screening plate may contain nonmutant phage 
along with the mutant phage. Secondary plaques from a low-density 
replating will provide an uncontaminated mutant template for PCR and 
subsequent sequence analysis (see PCR Amplification and Sequence 
Analysis of λ cII– Mutants). 

Materials Required 
Wide-bore pipet tips or Pasteur pipets SM buffer 
Sterile microcentrifuge tubes  G1250 plating culture (0.2 ml/plate) 
TB1 agar plates, warmed to room temperature DMSO (for storage at –80°C) 
Molten TB1 top agar, cooled to 55°C (2.5 ml/plate)  

Protocol 

1. Core the plaque in question with a sterile wide-bore pipet tip (or a 
sterile Pasteur pipet) and expel the core into a sterile microcentrifuge 
tube containing 500 μl of sterile SM buffer. 

2. Incubate the tube for at least 2 hours at room temperature, or overnight 
at 4°C, to allow the phage particles to elute from the agar plug. 

3. In a sterile 14 × 100-mm tube, combine 0.2 ml of prepared 
G1250 plating culture with 1 μl of the cored phage solution and 
incubate the tube at room temperature for 30 minutes.  

4. Plate the sample using 2.5 ml of 55°C molten TB1 top agar and 
incubate the plate at 24°C for 46–48 hours (the selective conditions) as 
described in Plating the Packaged DNA Samples and Control Phage 
Solution. 
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5. If the λ cII– phenotype is verified by plaque formation on the secondary 
plate incubated at 24°C, core an isolated plaque from the plate and 
store this secondary core in 500 μl of SM buffer at 4°C. For long-term 
storage, transfer an aliquot of the eluted phage to a new tube, add 
DMSO to a final concentration of 7% (v/v), and store the aliquot at  
–80°C. 

Note The plates can be stored at 4°C until the plaques are cored. 

6. Count all the verified λ cII– plaques observed. Calculate the  
λ cII– mutant frequency, which is the ratio of λ cII– mutants to the total 
number of plaques screened (see Estimating the Total Plaques 
Screened).  

Note The final mutant frequency calculation for a given tissue 
should be performed after screening a minimum of 300,000 
rescued shuttle vector phage. 
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PCR AMPLIFICATION AND SEQUENCE ANALYSIS OF λ CII– MUTANTS 
The cII target region from a purified λ cII– mutant can be amplified by PCR 
using the sequencing primers listed in the table below. The resulting PCR 
product can be sequenced directly using the sequencing primers. See 
Appendix: Sequence of the Lambda cII Gene and the Surrounding Regions 
in the Big Blue λLIZ Shuttle Vector for the cII gene sequence and the primer 
positions. 
 

Sequencing primer Sequence 

cII forward primer 5´-CCACACCTATGGTGTATG-3´ 

cII reverse primer 5´-CCTCTGCCGAAGTTGAGTAT-3´ 

 

Materials Required 
sequencing primers  
Taq2000 DNA polymerase 
Taq polymerase 10× Reaction Buffer 
Deoxynucleotides (dNTPs) 

Preparing the Amplification Reaction 

Notes This amplification reaction produces a 432-bp product that 
includes the cII gene and the flanking regions.  

This PCR amplification reaction may be inhibited by contaminants 
in some batches of agar that are used for making TB1 top agar. 
One way to overcome this inhibition is to replate a dilution of the 
secondary core using TB1 top agarose (i.e., substituting purified 
agarose for agar) and incubate the plate overnight at 37°C. Top 
agarose should not be used for 24°C growth conditions, as it may 
result in poor plaque development. 

1. Use a sterile toothpick or a standard yellow pipet tip to carefully scrape 
the top agar, avoiding the bottom agar, from an individual plaque and 
transfer the plaque to a microcentrifuge tube containing 25 μl of 
autoclaved dH2O. 

2. Cap the tube securely and place the tube in boiling water for 5 minutes. 

3. Centrifuge the tube at maximum speed for 3 minutes. 
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4. Immediately transfer 10 μl of the supernatant to 40 μl of a PCR 
mastermix such that the final concentrations of the reagents are  
1× Taq polymerase reaction buffer, 10 pmol of each primer, 12.5 nmol 
of each dNTP, and 2.5 U of Taq2000 DNA polymerase. 

5. Overlay the amplification reaction with a drop of sterile mineral oil and 
amplify the template using the following cycling parameters: a  
3-minute denaturation at 95°C, followed by 30 cycles of 30 seconds at 
95°C, 1 minute at 60°C, and 1 minute at 72°C, with a final extension of 
10 minutes at 72°C. 

6. Analyze the results on a gel. 
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TROUBLESHOOTING 
Observation Suggestion 

Bacterial lawn has a mottled appearance Incubation temperature may be higher than 24°C, resulting in low-level  
λ+ plaque formation. Ensure that the temperature in the incubator is  
24°C ±0.5°C 

The 24°C incubation may be too long. If the plates typically have mottled 
bacterial lawns after incubating for 46–48 hours, incubate the plates for 
40 hours 

Media components may be of insufficient quality. Use casein peptone and 
agar from a different source 

Maintaining a stable 24°C ±0.5°C 
temperature in the incubator is difficult 

Incubator may produce excess heat or the ambient laboratory temperature 
may exceed 24°C. Move the incubator into a refrigerated room (4°C) 

Small and turbid plaques and poor lawn 
development at 24°C 

Make sure that the top agar is made with agar instead of agarose 

Bacterial lawn is grainy or appears 
heterogeneous 

Too large a quantity of packaged DNA sample may be plated on one 
plate. Use 100 μl of packaged DNA sample (1/10 of a packaged DNA 
sample) with 200 μl of cells per 100-mm plate 
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APPENDIX: SEQUENCE OF THE LAMBDA cII GENE AND THE 

SURROUNDING REGIONS IN THE BIG BLUE λLIZ SHUTTLE VECTOR 
The λ base positions (λ bp) displayed in the far left column are derived from the base positions of the 
wild-type lambda sequence [Genbank® database (Accession #J02459, #M17233, #M24325, 
#V00636, and #X00906)]. The numbering convention used for the cII nucleotide positions (nt) listed 
in the second column is that of Schwarz et al. (1978).5 The positions of the cII PCR and sequencing 
primers are labeled. The alternative forward sequencing primer may provide better results with some 
automated sequencers. 
 
 
λ bp    nt   (↑ cI ORF ends at λ base position 37230)

37814        TCC CCA TCT TGT CTG CGA CAG ATT CCT GGG ATA AGC CAA GTT CAT TTT TCT TTT

37868        TTT CAT AAA TTG CTT TAA GGC GAC GTG CGT CCT CAA GCT GCT CTT GTG TTA ATG
                          cI start <-|                       OR3
37922        GTT TCT TTT TTG TGC TCA Tac gtt aaa tct atc acc gca agg gat aaa tat cta
                  OR2                               OR1   PR promoter 5'mRNA
37976        aca ccg tgc gtg ttg act att tta cct ctg gcg gtg ata atg gtt gca tgt act
                           |-> start Cro
38030     8  aag gag gtt gtA TGG AAC AAC GCA TAA CCC TGA AAG ATT ATG CAA TGC GCT TTG

38084    62  GGC AAA CCA AGA CAG CTA AAG ATC TCG GCG TAT ATC AAA GCG CGA TCA ACA AGG

38138   116  CCA TTC ATG CAG GCC GAA AGA TTT TTT TAA CTA TAA ACG CTG ATG GAA GCG TTT
                                                                 end Cro ->|
38192   170  ATG CGG AAG AGG TAA AGC CCT TCC CGA GTA ACA AAA AAA CAA CAG CAT AAa taa

38246   224  ccc cgc tct tac aca ttc cag ccc tga aaa agg gca tca aat taa acc aca cct
                                                                         SD
38300        atg gtg tat gca ttt att tgc ata cat tca atc aat tgt tat cta agg aaa tac

                     |-> start cII                       367
38354   332  tta cat ATG GTT CGT GCA AAC AAA CGC AAC GAG GCT CTA CGA ATC GAG AGT GCG
                     Met Val Arg Ala Asn Lys Arg Asn Glu Ala Leu Arg Ile Glu Ser Ala

                                 403                     421
38408   386  TTG CTT AAC AAA ATC GCA ATG CTT GGA ACT GAG AAG ACA GCG GAA GCT GTG GGC
             Leu Leu Asn Lys Ile Ala Met Leu Gly Thr Glu Lys Thr Ala Glu Ala Val Gly

                                 457                     475
38462   440  GTT GAT AAG TCG CAG ATC AGC AGG TGG AAG AGG GAC TGG ATT CCA AAG TTC TCA
             Val Asp Lys Ser Gln Ile Ser Arg Trp Lys Arg Asp Trp Ile Pro Lys Phe Ser

                                 511                     529
38516   494  ATG CTG CTT GCT GTT CTT GAA TGG GGG GTC GTT GAC GAC GAC ATG GCT CGA TTG
             Met Leu Leu Ala Val Leu Glu Trp Gly Val Val Asp Asp Asp Met Ala Arg Leu

                                 565                     583
38570   548  GCG CGA CAA GTT GCT GCG ATT CTC ACC AAT AAA AAA CGC CCG GCG GCA ACC GAG
             Ala Arg Gln Val Ala Ala Ile Leu Thr Asn Lys Lys Arg Pro Ala Ala Thr Glu

                                 619   end cII ->|
38624   602  CGT TCT GAA CAA ATC CAG ATG GAG TTC TGA ggt cat tac tgg atc tat caa cag
             Arg Ser Glu Gln Ile Gln Met Glu Phe ---

                       |-> start O
38678   656  gag tca ttA TGA CAA ATA CAG CAA AAA TAC TCA ACT TCG GCA GAG GTA ACT TTG

sequencing primer 

Alternative sequencing primer            PCR &

 PCR & sequencing primer
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PREPARATION OF MEDIA AND REAGENTS  

Note All solutions should be prepared with deionized, 18-MΩ water or glass-distilled water. 

TB1 Agar Plates (per Liter) 
  5.0 g of NaCl 
10.0 g of casein peptone 
12.0 g of agar 
Add 800 ml of dH2O 
Add 1 ml of 0.1% thiamine hydrochloride  
If necessary, adjust the pH of the solution to 

7.0 with either NaOH or HCl 
Add dH2O to a final volume of 1 liter 
Autoclave for 30 minutes 
Mix well and allow to cool to 55°C 
Pour into sterile 100-mm petri plates (40 ml 

per plate) 
Store the plates at 4°C for up to two weeks 

Note Prepare the plates at least 24 hours 
prior to use. 

TB1–Kanamycin Agar Plates  
(per Liter) 

  5.0 g of NaCl 
10.0 g of casein peptone 
12.0 g of agar 
Add 800 ml of dH2O 
Add 1 ml of 0.1% thiamine hydrochloride  
If necessary, adjust the pH of the solution to 

7.0 with either NaOH or HCl 
Add dH2O to a final volume of 1 liter 
Autoclave for 30 minutes 
Mix well and allow to cool to 55°C 
Add 50.0 mg of kanamycin and mix 
Pour into sterile 100-mm petri plates (40 ml 

per plate) 
Store plates at 4°C for up to two weeks 

TB1 Liquid Medium (per Liter) 
  5 g of NaCl 
10 g of casein peptone 
Add 800 ml of dH2O 
Add 1 ml of 0.1% thiamine hydrochloride 
If necessary, adjust the pH of the solution to 

7.0 with either NaOH or HCl 
Add dH2O to a final volume of 1 liter 
Mix well and aliquot into 100-ml bottles 
Autoclave for 30 minutes 
Store at room temperature for up to three 

months 

TB1 Top Agar (per Liter) 
  5.0 g of NaCl 
10.0 g of casein peptone 
  7.0 g of agar 
Add 800 ml of dH2O 
Add 1 ml of 0.1% thiamine hydrochloride 
If necessary, adjust the pH of the solution to 

7.0 with either NaOH or HCl 
Add dH2O to a final volume of 1 liter 
Mix well to form a homogeneous suspension 

while pouring into autoclavable 100-ml 
glass bottles 

Autoclave for 20–25 minutes 
Mix well 
Store at room temperature for up to three 

months. 
 
Prior to use, melt the prepared TB1 top agar 
completely in a microwave or autoclave, mix 
well, and cool in a 55°C water bath. 



22 λ Select-cII Mutation Detection System 

 

20% (w/v) Maltose–1 M MgSO4 
Solution (per 100 ml) 

20.0 g of maltose 
24.6 g of MgSO4 · 7H2O 
Add dH2O to a final volume of 100 ml 
Filter sterilize 
Store at 4°C for up to 6 months 

10 mM MgSO4 (per Liter) 
2.46 g of MgSO4 · 7H2O 
Add dH2O to a final volume of 1 liter 
Autoclave for 30 minutes 
Store at room temperature for up to 1 year 

SM Buffer (per Liter) 
  5.8 g of NaCl 
  2.0 g of MgSO4 · 7H2O 
50.0 ml of 1 M Tris-HCl (pH 7.5) 
  5.0 ml of 2% (w/v) gelatin 
Add deionized H2O to a final volume of  

1 liter 
Autoclave for 30 minutes 
Store at room temperature for up to 1 year 

TE Buffer 
10 mM Tris-HCl (pH 7.5) 
  1 mM EDTA 
Autoclave for 30 minutes 
Store at room temperature for up to 1 year 
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ENDNOTES 
 GenBank® (database) is a registered trademark of the U.S. Department of Health and 

Human Services. 

MSDS INFORMATION 
The Material Safety Data Sheet (MSDS) information for Stratagene products is provided on the web at 
http://www.stratagene.com/MSDS/. Simply enter the catalog number to retrieve any associated MSDS’s 
in a print-ready format. MSDS documents are not included with product shipments. 
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λ Select-cII Mutation Detection System for Big Blue Rodents 
Catalog #720120 

QUICK-REFERENCE PROTOCOL 

Preparation 
♦ Harvest the tissue from the Big Blue transgenic rodents 

♦ Isolate the genomic DNA from the tissue of the transgenic rodents using either the Big Blue 
DNA isolation kit or the RecoverEase DNA isolation kit 

♦ Prepare the G1250 bacterial streak plate and grow a G1250 liquid culture in TB1 liquid 
medium overnight at 30°C with shaking 

Day 1 
♦ Package the DNA sample according to the protocol in the Transpack Packaging Extract 

Instruction Manual, except add 1.05 ml of SM buffer after the final 90-minute incubation 
and vortex the sample vigorously for 10 seconds; briefly pulse the tube in a microfuge and 
store on ice 

♦ Centrifuge the overnight G1250 liquid culture at 1500 × g and resuspend the bacterial 
pellet in sterile 10 mM MgSO4 at an OD600 of 0.5; store on ice 

♦ Label 16 sterile 14 × 100-mm tubes and add 0.2 ml of G1250 plating culture to each 
tube 

♦ Make triplicate 1:100 dilutions of the packaged DNA sample to be used for titering as 
follows: add 100 μl of the diluted packaged DNA sample to three tubes of G1250 plating 
culture and add 20 μl of the diluted packaged DNA sample to another three tubes of 
G1250 plating culture 

♦ Add 100 μl of undiluted packaged DNA sample to the remaining 10 tubes, which will be 
plated on screening plates 

♦ Agitate the tubes, then incubate the tubes for 30 minutes at room temperature  
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♦ Add 2.5 ml of molten TB1 top agar (cooled to 55°C) to each tube of phage-adsorbed host 
cells and pour the contents onto a 100-mm TB1 agar plate 

♦ Prepare the control phage solution as described for the titering and screening plates, using 
10 μl of a 1:100 dilution for each control titer plate and 10 μl of the undiluted solution for 
each control screening plate; plate the phage-adsorbed host cells 

♦ Incubate all titer plates at 37°C overnight (nonselective conditions) and all screening plates 
at 24°C for 40–48 hours (selective conditions) 

Day 2 
♦ Count the plaques on all the titer plates following the overnight 37°C incubation and 

calculate the total plaques screened 

Day 3 
♦ Examine the screening plates after the 40–48 hour incubation at 24°C 

♦ Verify the phenotype of each putative λ cII– mutant by coring and replating the putative 
mutant plaque and incubating the plate under the selective conditions 

Day 5 
♦ Evaluate the secondary mutant plaques and reclassify the plaques if necessary 

♦ Calculate the λ cII– mutant frequency 

♦ To characterize the mutations in the cII gene, core the isolated secondary mutant plaque 
and sequence the gene 


