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addition of nondegenerate, nonho-
mologous 5′ tails to degenerate gene-
specific primers is a useful tool for 
improving the yield of PCR products 
and has the added benefit of allowing 
for convenient direct sequencing.
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The Immortomouse™ (1) harbors a 
transgene that expresses the thermolabile 
simian virus 40 (SV40) large T antigen 
tsA58 under the control of the interferon-
inducible murine H-2Kb promoter. This 
allows the isolation of conditionally 
immortalized cell lines directly from the 
transgenic mouse. These cells undergo 
reversible immortalization when grown 
under permissive conditions (33°C, 
with interferon-γ) and stop dividing and 
differentiate at higher temperatures in the 
absence of interferon. To date, cell lines 
derived from the Immortomouse include 
inner ear hair cells (2), kidney collecting 
tubuli cells (3), skeletal myoblasts (4), 
hepatocytes (5), and colonocytes (6). 
However, the exploitation of this mouse 
model—particularly for any purposes 
requiring crossbreeding with other 
transgenic mice—has been hampered 
by the fact that no molecular test existed 
for the distinction of hemizygous and 
homozygous Immortomice. 

A single allele of the transgene is 
sufficient to immortalize cells (4), and the 
mice can be obtained from Charles River 
Laboratories (Wilmington, MA, USA) 
either as homozygotes or as F1-hemizy-
gotes. Testing for the H-2Kb-tsA58 
transgene can easily be accomplished 
using PCR. However, because the local-
ization of the transgene was not known, 
until now it was not possible to test for the 
corresponding wild-type allele and thus 
identify hemizygotes. The alternative 
approach, to determine the genotype 
by backcrossing, is cumbersome and 
inappropriate for this mouse model 
because Immortomice have a reduced 
fertility and lifespan due to thymic hyper-
plasia (1). Thus, homozygosity of the 
transgene could hardly ever be restored 
in a colony after crossbreeding with any 
other mouse strain.

To localize the transgene, we deter-
mined the 3′-flanking region using the 

Universal GenomeWalker™ Kit (BD 
Biosciences Clontech, Palo Alto, CA, 
USA). High-weight genomic DNA 
was isolated from mousetail clips and 
digested in aliquots with three blunt-
end-cutting restriction enzymes (EcoRV, 
PvuII, StuI). The restriction fragments 
were ligated to blunt adaptors provided 
with the kit and used as templates 
for PCR. The forward primer was 
located near the 3′ end of the tsA58 
sequence, the reverse primer (AP1) 
in the adaptor sequence, and a long-
distance polymerase with proofreading 
capability (Advantage™ Polymerase; 
BD Biosciences Clontech) was used. 
The PCR products were reamplified in 
a second PCR with nested primers. The 
StuI-digested template DNA produced 
a single band of approximately 1.3 kb 
in length, which was sequenced from 
the 5′ end (MWG-Biotech, Munich, 
Germany). A Basic Local Alignment 
Search Tool (BLAST) search (http://
www.ensembl.org; mouse genome 
v22.32b1) localized the sequence corre-
sponding to the PCR product in band 
B5 of mouse chromosome 16 (Figure 
1B). The 3′ end of the tsA58 gene is 
located 1.4 kb upstream of the chromo-
somal marker D16Mit30 (Figure 1A). 
Currently, no gene is predicted at this 
site that could have been disrupted by 
the insertion of the transgene. 

Initial attempts to amplify the 5′-
flanking region by PCR failed because 
part of the wild-type genome apparently 
had been deleted during the insertion of 
the transgene. We estimated the size of 
the deleted sequence by testing several 
primer pairs located upstream of the 
insertion site, using wild-type mouse 
DNA as a positive control. Next, the 5′-
transition was identified with a primer 
pair spanning the sequence between the 
verified wild-type genomic region and 
the H-2Kb promoter. The PCR product 
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was sequenced from the 3′ end as 
described above.

Analysis of the transition sequences 
showed that both ends of the transgene 
had been inserted without truncation 
(Figure 1A). About 7.3 kb of the wild-
type mouse genome are deleted at 
the insertion site, which corresponds 
roughly to the size of the 6.9-kb 
transgene. Aside from a short region 
with tandem repeats upstream of the 
transgene promoter and from a few 
minor deletions and base exchanges, 
the flanking sequences are in line 
with the sequence published at http://
www.ensembl.org for at least 500 bp 
upstream and 270 bp downstream. 
For complete alignments of the wild-
type and H-2Kb-tsA58 insertion site, 
see the supplementary material at the 
BioTechniques’ web site at http://www.
BioTechniques.com/January2005/
KernSupplementary.html.

Knowing the sequences of the 
flanking regions enabled us to develop 
a PCR-based genotype test for the 

Immortomouse. We designed three 
primers with identical melting temper-
atures (Tms; approximately 60°C) to 
simultaneously determine the wild-type 
allele (primers wt-f and wt-r; product 
approximately 500 bp) and the H-2Kb-
tsA58 allele (tsA-f and wt-r; approxi-
mately 300 bp) in a single PCR. Primer 
sequences were 5′-GATCTGCCT-
GAGGTGTTACTTG-3′ for wt-f, 5′-
GGATGGCATCACTAGTCATGAC-3′ 
for wt-r, and 5′-AGTCCTCACAGTCT-
GTTCATGATC-3′ for tsA-f (for primer 
positions, see Figure 1A).

The PCR assay showed high fidelity 
with DNA extracted from tail ends 
using the HotSHOT method (Figure 
1C; Reference 7). The results were 
validated by reexamination of approxi-
mately 80 H-2Kb-tsA58-positive mice. 
In all cases, genotypes deduced from 
breeding schemes and previous testing 
were confirmed.

The only reported health impairment 
in the Immortomouse is thymic hyper-
plasia, which impedes respiratory 

movements. Homozygotes are more 
affected by these symptoms and thus 
have a significantly reduced lifespan (1). 
In addition, we found a decreased fertility 
in homozygous females. The genotype 
test allowed us to assess the affectedness 
in hemizygous and homozygous mice. 
While about two thirds (47 of 72) of the 
hemizygous females gave birth up to 
three times, only one fifth (3 in 15) of the 
homozygous females reproduced, and all 
of them only once. Homozygous male 
mice were generally less affected than 
females. Therefore, the most effective 
breeding routine in our hands was mating 
homozygous males with hemizygous 
females. Finally, the inheritance of the 
transgene showed a clear gender-depen-
dence. Hemizygous breeding pairs 
delivered female offspring at a ratio of 
16% homozygotes, 58% hemizygotes, 
and 26% wild-type, and male offspring 
at a ratio of 32%, 47%, and 21%, respec-
tively (166 mice, genotyped at the age 
of 5 weeks). Apparently, homozygous 
females have a reduced viability during 
embryonic and/or early postnatal devel-
opment. 

In fibroblasts isolated from the 
Immortomouse, the ability to form 
colonies and the conditionality of 
proliferation are dependent on tumor 
antigen levels (1). In our experiments, 
immortalization was reversible in both 
hemizygous and homozygous myogenic 
cultures, and myoblasts could be 
induced to differentiate into a skeletal 
muscle phenotype. However, initial 
observations suggest that hemizygous 
cell lines more closely resembled the 
phenotype of primary mouse myoblasts 
(spherical myoblasts, earlier fusion, 
and differentiation), while homozygous 
cell lines were characterized by higher 
proliferation rates and flatter myotubes. 
This indicates that specific character-
istics of the resulting immortalized cell 
lines can be achieved by the controlled 
production of both hemizygous and 
homozygous Immortomouse cell lines.

Thus, because the sequencing of 
the mouse genome is almost complete, 
PCR-based genomic walking is an 
efficient method for the precise local-
ization of transgenes. Determining 
the insertion site of the H-2Kb-tsA58 
transgene provided the basis for the 
development of a simple and reliable 
PCR-based genotype assay to distin-

Figure 1. Genomic localization of the H-2Kb-tsA58 transgene and PCR genotyping of Immortomice. 
(A) Alignment of the wild-type (upper) and the transgene (lower) allele and sequence alignments of 
wild-type (WT; data from http://www.ensembl.org), Immortomouse (Imm), and the H-2Kb-tsA58 trans-
gene (EcoRI-BamHI fragment) at the transition sites. The insertion site is located 1.4 kb upstream of the 
chromosomal marker D16Mit30. At the insertion site, 7.3 kb of the mouse genome are deleted (indicated 
by dashed line in the wild-type allele). The locations of the three primers used in the mixed genotyping 
test (wt-f, tsA-f, and wt-r) are indicated by arrows. (B) Banding pattern of mouse chromosome 16 with 
the location of the H-2Kb-tsA58 transgene indicated in B5 (arrow). (C) PCR gel banding patterns of 
wild-type (lanes 1, 3, and 6), hemizygous (lanes 4, 5, and 7), and homozygous (lane 2) Immortomice 
tested with the newly developed genotype assay.
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guish homozygous and hemizygous 
Immortomice. Crossing hemizygous 
females with homozygous males 
makes breeding easier and more 
predictable, while still supplying 
homozygous offspring. Most impor-
tantly, the novel genotype test makes 
it possible to produce proven H-2Kb-
tsA58 homozygous mice after the 
crossbreeding with other transgenic or 
knock-out mice.
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