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This protocol is for generating BAC based constructs for trangenesis using homologous 
recombination–competent E.coli to add desired modules (e.g. GFP, Cre‐recombinase) to 
defined gene loci in BAC clones. This allows us to make DNA constructs with vast amounts 
of potential promoter regions without tested knowledge of how the promoter functions. 
The result is a DNA construct that mimics a gene knock in and means we can use any gene 
locus that expresses in the desired spatial/temporal domain to express markers or 
recombinases.  

Targeting construct design 
The desired reporter construct is PCR amplified using PAGE purified long (100nt) 
oligonucleotides with 80nt of homology to the target locus on the BAC and 20nt of 3ʼ 
homology to the reporter construct for amplification. The resulting amplified product 
contains the reporter with 80nt upstream and downstream homology arms for 
recombination. A proofreading polymerase is required (we use Pfx from Invitrogen). 
UPDATE: Our experience with using short arms (i.e. 80nt) is that the efficiency is rather 
low. In addition, the resulting modified BAC must be carefully sequenced to ensure 
sequence mistakes have not been introduced (even though using a proofreading Taq 
polymerase). Current wisdom holds that using longer arms, 200-300nt, is worth the 
extra steps because of dramatic increases in efficiency. Further, since these then 
require cloning into the cassette to be targeted to the BAC, no sequence verification on 
the cassette is necessary since a polymerase is not used to generate the full targeting 
vector for recombination. The arms themselves maybe produced by PCR or by design 
for production by a company.  
BAC clone procurement 
Appropriate BAC clones are selected from public databases (e.g. Ensembl) and stab 
cultures ordered from BacPac resources (bacpac.chori.org). The general approach is to 
select a fully sequenced BAC with the target locus near the center. BAC containing 
bacterial cells are streaked out to isolate single colonies. BAC identity is confirmed for 
six colonies by PCR using primers flanking the region to be targeted (colony lysis 
protocol below). Several correct BAC clones are selected for miniprep and sequence 
analysis. The target region as well as both ends of the BAC is sequenced to confirm 
identity. 
Colony Lysis-PCR Protocol 
Colony Lysis Buffer  
•  1% Triton X-100 
•  20mM Tris*Cl pH 8.0 
•  2mM EDTA pH 8.0  
Pick 6 single colonies (leave some on the plate for growth later) and place each into 
25ul of Colony Lysis Buffer in a 96well PCR plate. The best technique is to smear the 
cells onto the side of the well. Seal plate with sealing mat or a foil sealer. Heat in the 



PCR machine at 95oC for 10min, cool on ice. Use 2ul of the lysate in a 25ul PCR 
reaction. 
A single correct BAC clone is selected for miniprep and sequence analysis. 
BAC Miniprep Protocol 

1. Inoculate and grow 2ml culture of BAC. After overnight growth, make a 
glycerol stock of 300ul of culture. 

2. Centrifuge 1.5ml of overnight culture briefly (30sec) at 13000rpm to pellet the 
cells. 

3. Resuspend the cell pellet in 250ul of P1 solution (from Qiagen mini-prep spin 
kit). 

4. Add 250ul P2, mix gently and incubate at room temperature (RT) for 5min. 
5. Add 350ul of N3, mix gently and spin at 13000rpm at RT for 10min. 
6. Pour the supernatant into fresh 1.5ml tube containing 510ul isopropanol (RT), 

mix gently and leave at RT for 10min. Spin at 4C, 13000rpm for 20min. 
7. Carefully decant the supernatant and re-suspend the pellet in 300ul of EB 

(elution buffer). Add 300ul RT equilibrated phenol, mix and centrifuge at RT, 
13000rpm for 5min. 

8. Transfer about 300ul of the upper aqueous phase into a 1.5ml eppendorf tube 
containing 300ul chloroform. Mix and centrifuge at RT, 13000rpm for 5min. 

9. Transfer about 200ul of the upper aqueous phase into a 1.5ml eppendorf tube 
and add 20ul 3M NaOAc (pH 5.2), 600ul pre-chilled (-20oC) 100% ethanol, 
mix well and leave in a –80oC freezer for 30min. 

10. Centrifuge at 4C, 13000 rpm for 15 min. Carefully decant the supernatant, 
rinse once with 70% ethanol, briefly (5min) air dry the pellet and re-suspend in 
20ul ddH2O. 

11. Electroporate 5ul of the DNA solution into 50ul of electroporation competent 
DH10B or EL250/350 cells at 2.0kV (we use a BioRad Ecoli Pulser). Spread 
the transformants on chloramphenicol (or appropriate) plate. 

This protocol works well with BACs in DH10B cells and EL250/350 cells. DNA quality 
is good for efficient transformation (100s of colonies from 5ul) and sequencing (use 
3ul for 15ul sequencing reaction). 

Electroporation of BAC DNA into EL250 E.coli. 
Streak out fresh EL250 cells on LB plates (no antibiotic selection in these cells) and 
grow O/N at 32C (the EL250 and EL350 recombination strains must be maintained at 
32C to avoid spurious induction of the recombinogenic proteins). Always use fresh 
EL250 cells from a frozen stock since there is no selection available. 
Use a single colony to inoculate a 5ml O/N culture and grow at 32C with shaking. 
Cool the O/N culture on ice. Spin down the entire culture and resuspend in 900ul ice 
cold 10% glycerol. Transfer the resuspended cells to a chilled 1.5ml eppendorf tube. 
Pellet the cells in a microcentrifuge for 30sec at 13000 rpm at 4C. Remove the 
supernatant and repeat the glycerol washes 2 times. Resuspend the final cell pellet in 
50ul ice cold 10% glycerol and keep on ice. 
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Add 5ul of BAC miniprep DNA, mix gently, and transfer to a chilled 1mm gap 
electroporation cuvette. Electroporate at 2.0kV (we use a BioRad Ecoli Pulser), 
immediately add 1ml of room temperature LB. Incubate at 32C for 1.5hrs and plate on 
Chloramphenicol plates (12.5ug/ml). Grow at 32C overnight. 
*Note: We have found electroporation efficiency is improved 7 fold if cells are grown in 
Lennox LB (5g NaCl/liter) instead of Millers LB (10g NaCl/liter). This holds true for the 
recombination electroporation also (below). 
Confirm BAC colonies by PCR as above. Select correct clone and streak out on 
Chloramphenical plates (12.5ug/ml). Grow overnight at 32C. 
Electroporation of Targeting Construct into EL250 cells containing the BAC. 
Inoculate a 5ml Lennox LB culture with the BAC containing EL250 cells and grow 
overnight at 32C. Subculture 1ml of overnight into 70ml Lennox LB with 12.5ug/ml 
Chloramphenicol. Grow to an OD600 of .3-.5 (about 2-3hrs). Use a portion of the 
leftover overnight culture to make glycerol stocks. 
Induce expression of the recombination genes by heat shocking the cells at 42oC for 
20min with shaking. Immediately cool the culture on wet ice with swirling for up to 5min. 
Pellet the cells and resuspend in 900ul ice cold 10% glycerol. Spin down and wash two 
more times as above to make competent cells. It is very important to keep the cells cold 
and work without delay. The time from induction to electroporation should be under 
40min. Use pre-chilled centrifuge tubes. 
Add 300ng of the targeting construct to the recombination competent cells and 
electroporate as above. Incubate at 32C for 1.5hrs and plate on Kanamycin (25ug/ml) / 
Chloramphenicol (12.5ug/ml) plates. Grow at 32C overnight. 
Selection of BAC Recombinants 
Use the Colony Lysis- PCR method to check for correct recombination using primers 
outside the targeted region and to the deleted region. Check both the 5ʼ and 3ʼ ends of 
the recombination site using reporter specific primers with flanking primers to the 
endogenous sequence. 
It is common to find colonies “contaminated” by co-propagation of BAC species that 
have not undergone recombination. This will be evident in the PCR analysis showing 
correct 5ʼ and 3ʼ recombination events at the same time showing unaltered target region 
size and presence of the deleted region. Colonies that show correct recombination 
should be restreaked to eliminate the co-propogated species. Single colonies should 
then be reanalyzed by PCR.  
Removal of FRT Flanked Selection Cassette 
The EL250 strain contains aribinose inducible FLPe recombinase for the removal of 
FRT flanked selection cassettes. Setup a 5ml overnight culture of the targeted BAC 
clone in LB/Chlora/Kan and incubate at 32C. Subculture 1 ml into 50ml LB/Chlora and 
incubate 32C until OD600 near 0.5 (about 1.5-2hrs). 
Induce FLPe expression by adding 500ul of 10% L-arabinose (0.1% final concentration). 
Incubate for 1hr at 32C. Dilute culture 1:10 (0.5ml into 5ml) and incubate for 1hr at 32C. 
Streak 1 and 5ul of this culture onto Chlora plates and incubate overnight at 32C. 



Colonies are numbered and streaked on both Chlora only and Kan only plates to test for 
Kanamycin sensitivity. Kan sensitive colonies are confirmed by PCR as above. A 
confirmed correct colony is selected for large-scale preparation. 
Preparation for Microinjection 
We have use the procedure below to purify circular BAC DNA for microinjection. 
Linearization is not necessary since the yield of transgenics achieved from linear and 
circular BAC DNA has been shown to be the same. (as of the creation of this protocol in 
2003). 
Prepare a CL4b Column (done at room temperature). 
Take a 5ml plastic pipet, use air to blow the cotton to the tip and clamp the pipette on a 
stand. Shake the Sepharose CL4b (Amersham) well, and gradually add the Sepharose 
into the plastic pipet. Add until the packed sepharose is almost at the top (with about 
1ml of space to spare). Never let the column dry. 
Once the column is ready, use a 10ml syringe to set a reservoir on top of the column 
(buffer is added to the reservoir). Then equilibrate the column with 30ml of the injection 
buffer (10mM Tric-HCl pH7.5, 0.1mM EDTA, and 100mM NaCl). This takes about 2 
hours. 
Now add 5ul 10X DNA dye into the 0.5ml BAC DNA. Remove the reservoir and gently 
add the DNA+dye onto the top of the column with a Pasteur pipet. Wait until the 
DNA+dye just goes into the column, and then gently add 0.5ml of injection buffer on top 
of the column. 
Once the injection is almost completely in, the reservoir is replaced and 10ml of injection 
buffer added. Now start collecting 0.5ml fractions from the column in a 24well plate. I 
collect about 12 fractions (until the blue dye is almost at the bottom). Circular BAC DNA 
tends to come out in earlier fractions (3-5) than linear (7-9). 
Perform O.D. readings of each fraction to determine which has the highest 
concentration of DNA. A pulse-field gel can also be done to examine the integrity of the 
DNA. 
The purified DNA is stored at 4C and is stable for at least 3 weeks. 
Dilute the purified BAC DNA with the injection buffer to a final concentration of 0.6-
1ug/ml prior to pronuclear microinjection. 
1-liter injection buffer 
10ml 1M Tris 7.5 
200ul 0.5M EDTA 
20ml 5M NaCl 


