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Abstract
The use of transgenic mice expressing point mutations demands that the detection of the different
alleles is efficient and reliable. In addition, the multiplication of transgenes included in mouse models
of human disease underlines the importance of correct controls and the fact that investigators need
an accurate and rapid genotyping of the littermates generated. In this study, we demonstrate a
powerful alternative for genotyping using presenilin-1 mutant knockin (PS1M146KI) mice as an
example.

Mutations in the presenilin-1 (PS1) gene are causally linked to many cases of early-onset inherited
Alzheimer’s disease (AD). PS1M146VKI mice that express the PS1 M146V targeted allele at normal
physiological levels and triple-transgenic model (3xTg-AD) derived from homozygous
PS1M146VKI mice were generated to study the pathogenesis of AD. Genotyping PS1M146VKI line
requires many steps and thus a large quantity of DNA. In PS1M146VKI mice, only three nucleotides
are modified in the gene. Here we show that this small mutated DNA sequence can affect its secondary
structure resulting in altered mobility that can be easily detected on a polyacrylamide gel, by the
single-strand conformation polymorphism (SSCP) technique. Our results demonstrate that SSCP is
a simple, accurate, repeatable and efficient method for the routine genotyping of this current AD
model. This method could be easily applied to other transgenic mice.
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Introduction
Experiments with transgenic mouse models require an accurate and rapid technique for
genotyping transgenic mice and littermates. Mutant forms of the presenilin 1 (PS1) gene, which
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account for the majority of familial early-onset Alzheimer’s disease (FAD) cases, have been
used to develop various mouse models of AD. Numerous PS1 models have been developed to
replicate amyloid beta-peptide hypersecretion, generally by deriving mice with mutated PS1
overexpression combined with mutated beta-amyloid precursor protein (APP) (Duyckaerts et
al., 2007). Among them, mice overexpressing the PS1 M146V mutation have been generated
(Duff et al., 1996) and crossed with APP mutant mice to create double transgenic mice
(Holcomb et al., 1998) to accelerate AD-like phenotypes. Because the mutant PS1 protein is
expressed at normal levels in FAD cases, knock-in mice have been developed. These mice
provide a relevant model that more closely reflects FAD than do transgenic mice in which the
mutant transgene is overexpressed at supraphysiological levels. Guo et al. (1999) have
generated PS1 mutant knockin PS1M146VKI mice that express the PS1M146V targeted allele
at normal physiological levels in which a modification of three nucleotides leads to the
substitution of Isoleucine and Methionine with two Valines. This “knock-in” model has been
used to study the consequences for neuronal function of the M146V mutation of PS1 (Mattson
et al., 2000; Xie et al., 2001; LaFontaine et al., 2002; Pigino et al., 2003; Stutzmann et al.,
2004; Sun et al., 2005; Wang et al., 2007; Malik et al., 2008).

PS1M146VKI mice have been used to construct a triple-transgenic AD model (3xTg-AD)
using single-cell embryos from homozygous PS1M146VKI mice in which two transgenes APP
(Swe), and tau(P301L) were microinjected (Oddo et al., 2003). These animals are recognised
as a relevant AD model since they show Aβ and tau pathology, which closely resembles that
seen in the human AD brain. PS1M146VKI mice are classically genotyped by PCR
amplification (Guo et al., 1999; protocol recommended by the Jackson Laboratory). A second
step consisting of a PCR product purification and an enzymatic digestion of the amplified DNA
with a restriction enzyme is necessary to differentiate the expected wild-type (+/+),
heterozygous (+/KI) and homozygous (KI/KI) targeted alleles. This multistep classical method
is time-consuming and limited in the detection of the nucleotide variation. We therefore
developed a novel method for genotyping the PS1M146VKI line. In the single-strand
conformation polymorphism (SSCP) analysis (Orita et al., 1989), double stranded DNA can
be denatured to single stranded DNA which adopts a defined secondary structure. DNA
sequence differences as small as a single base change can affect the secondary structure and
can be detected by electrophoresis in a non-denaturing polyacrylamide gel. Consequently,
mutated DNA can be easily detected by SCCP analysis compared to wild-type DNA (Hayashi
et al., 1991; Beheshti and al., 1995). Indeed, we show here that the modification of two codons
in PS1M146VKI mouse allows the use of SSCP analysis.

We demonstrate that SSCP provides a powerful alternative for genotyping this widely used
mouse line.

Materials and methods
PS1 mutant M146V knock-in mice

The derivation and characterization of the PS1M146VKI mice have been described previously
(Guo et al., 1999). These mice are maintained on a common homogeneous genetic background
(C57BL/6). PS1M146VKI mice were bred and housed in our animal facility in the ‘Université
Pierre et Marie Curie’, with 12h/12h light/dark cycle and libitum access to food and water.
Heterozygous mice (+/KI) for the PS1 mutation were intercrossed to generate homozygous
mutant knock-in mice (KI/KI) and homozygous wild-type mice (+/+). In total, 17 different
mice were analysed in the study. Mice genotypes were determined as described previously
(Guo et al., 1999). All animal procedures were performed according to the regulations of the
Comité National d'Ethique pour les Sciences de la Vie et de la Santé.
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PCR primers design
To design the PCR primers, we used the murine PS1 sequence in which the I145V/M146V
mutation of three nucleotides in the exon 5 was introduced (Fig. 1). New primers were
constructed considering the targeted sequence with the assistance of the AmplifX 1.4 software
(Centre de Recherche de Neurobiologie-Neurophysiologie, Marseille, France).

DNA extraction
Genomic DNA was extracted from mice tails digested with proteinase K (Qiagen, Courtaboeuf,
France) in TSE buffer containing in mM: 25 TrisHCl pH 8.0, 75 NaCl, 25 EDTA pH 8.0 and
SDS 1% (Sigma-Aldrich, Saint Quentin, France) overnight at 55°C. DNA fragments were
precipitated with isopropanol and washed with 70% ethanol. DNA precipitates were dissolved
in 100 µl of distilled water.

PCR
For the amplification reaction, 5 µl of DNA (or water in the negative control) were added to a
PCR mix containing 0.032 U/µl Taq polymerase (Applied Biosystems, Courtaboeuf, France)
diluted in the manufacturer provided buffer, 0.48 mM of each dNTP (Qiagen, Courtaboeuf,
France), and 20 µM of specific designed reverse and forward primers (Eurogentec, Angers,
France) in a total reaction volume of 25 µl. Samples were denaturated at 94°C for 3 min and
then subjected to 35 cycles of 94°C for 30 s, 60°C for 1 min and 72°C for 1 min, with a final
extension step of 5 min at 72°C using a GeneAmp PCR system 2700 (Applied Biosystems,
Courtaboeuf, France).

Electrophoresis of PCR products
3 µl of each PCR product mixed with 3 µl of loading buffer (xylene cyanol 0.025%, glycerol
50% in distilled water) was loaded on a 2% agarose gel (Euromedex, Souffelweyersheim,
France) containing 0.5 mg/l ethidium bromide (Sigma-Aldrich, Saint Quentin, France).
Electrophoresis was performed in 1X TAE (Tris-HCl, Acetate, EDTA) (Euromedex,
Souffelweyersheim, France) at 6–7 V/cm for 10–15 min and then imaged under UV
transillumination (Fisher Bioblock, Illkirch, France) with a camera (Microvision Instrument,
Evry sur Seine, France).

Single strand conformation polymorphism (SSCP) analysis
SSCP analysis of PCR products were performed using the Dcode System (Biorad, Marnes,
France), according to the manufacturer instructions, as follows: 10 µl of PCR products were
mixed with 10 µl of denaturing loading dye (0.05% xylene cyanol, 0.05% bromophenol blue,
20 mM EDTA; pH 8.0 in formamide) (Sigma-Aldrich, Saint Quentin, France), denatured at
95°C for 6 min and rapidly cooled to 4°C using an ice bath for 6 min.

The denatured samples were loaded in a 12% polyacrylamide gel (ratio 37.5:1). The buffer
was chilled by connecting the Dcode electrophoresis cooling tank to an external chiller
(Multitemp III, Amersham Biosciences, Aulnay, France). The coolant used in the chiller was
50% ethylene glycol in distilled water. The fragments were electrophoresed at 65 mA overnight
at 4°C. This method can be applied to other systems of electrophoresis as long as the migration
is performed at 4°C. After electrophoresis, gels were stained using a silver staining kit
(Amersham Biosciences, Aulnay, France) according to the instructions of the supplier.
Processing of the gel involved fixation in “fixing solution” (30 min), impregnation in “staining
solution” (30 min), washing in distilled water (1 min), development in sodium carbonate
solution (formaldehyde 37%, sodium thiosulphate 2%) for 7 min, and stopping reaction in
“stopping/preserving solution”. Photomicrographs of the gels were obtained with an Epson
Perfection 2580 Scanner.
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Results
1. Design and feasibility of SCCP technique for genotyping

To test the feasibility of the new method to genotype PS1KIM146V mice, we first
systematically analysed three mice (+/+, +/KI and KI/KI), whose genotypes were determined
using the classical method (Guo et al., 1999). Each mouse was tested in triplicate.

1.1 Primer design and PCR amplification—It has been shown that the amplicon size
detected by the SSCP technique must be small; approximatively 95% of mutations are detected
by SSCP analysis for amplicons of 100–250 bp (Orita et al., 1990; Gasser and Zhu, 1999). The
amplicon size obtained using the classical primers in the PS1M146V gene is 530 bp, which
can not be applied to SSCP analysis. Using the AmplifX software (Centre de Recherche de
Neurobiologie-Neurophysiologie, Marseille, France) we found that the classical primers may
match to different regions of the murine PS1 gene, some of which are outside of the targeted
nucleotides. Consequently, we have designed new reverse and forward primers which
exclusively match the targeted region of the murine PS1 sequence. DNA was amplified by
PCR with the following two primers: 5’AATCTACACCCCATTCACAG 3’ and
5’GCCCCCAACTCTCCCACC 3’ (Fig 1). The size of the new amplicon (231 bp) was
determined using the same software. We systematically performed agarose electophoresis to
check the successful DNA amplification using these new primers. Amplification was efficient
at 100%.

The three mice (+/+, +/KI and KI/KI) were analysed to test the efficiency of the new primers.
As shown in figure 2, the new set of primers designed for PS1 gene generated a band at the
expected size for each sample after PCR amplification. The specific band was absent in the
negative control lane (T−).

1.2 Detection of the PS1 mutation by SSCP analysis—DNA sequence differences as
small as a single base change can affect its secondary structure and can be detected by a SSCP
analysis. In the case of the PS1 mutation, 3 nucleotides are substituted. Thus, differences in
mobility of the single strands between wild-type DNA (+/+) and homozygous mutant DNA
(KI/KI) should be detectable. For the heterozygous DNA (+/KI), two bands corresponding to
wild-type and mutant DNA must be obtained.

After PCR amplification, the PCR products of the three mice (+/+, +/KI and KI/KI) were
denaturated and loaded in a polyacrylamide gel. Different conditions for the polyacrylamide
gel were tested in order to optimize the SSCP analysis. The optimal composition of the gel to
reveal differences in mobility of the two single strands is 12% polyacrylamide and 37.5:1 ratio
(mono – bis acrylamide)

As shown on figure 3, two bands corresponding to the wild-type (upper band) and mutated
(lower band) single strand are clearly detected, in the middle part of the gel, using the SSCP
technique. Thus, +/+ mice are identified by one band in upper position, KI/KI mice by one
band in lower position and +/KI mice by the two bands (Fig. 3). In addition, we also detected
a non specific band. As shown by previous authors, gel lanes often showed additional
artifactual bands comprised of reannealed double-stranded DNA or metastable 'ghost'
bands of incompletely denatured single strands (Hongyo et al., 2003). This band does not
prevent a good lecture of the genotypes (Fig. 3).

2. Study of the repeatability and efficiency of the SSCP analysis
To test the efficiency of our new genotyping method, we first established that we were able to
obtain the same genotype as that identified by classical method using the same sample of tail.
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Genotypes of 17 animals including 7 wild-type mice (+/+), 4 heterozygous mutant mice (+/
KI) and 6 homozygous mutant mice (KI /KI) were analysed blind using the SSCP analysis.
Fragments of tail obtained from the 17 animals were cut into two pieces and a number was
attributed for each tail from 1 to 33 in order to test all the samples blind to the investigator
(table 1).

Firstly, for each animal, bands corresponding to the different alleles were successfully detected
for the samples 1 to 33, as shown on figure 4. All the genotypes determined by the SSCP
analysis match with genotypes determined using the classical method (Guo et al, 1999) (100%
match) (Table 1). Secondly, to evaluate the reproducibility of PCR and SSCP electrophoresis,
we undertook the following approach (Fig. 5): two different PCR amplifications were made
from one DNA extraction for each sample 1 to 33. Each PCR product was denaturated and
loaded to gels four separate times (Fig. 5A, B). Samples 1 to 19 were loaded on two gels
migrating in a same electrophoresis, as were samples 20 to 33 (Fig. 5A). These were then
repeated with sample 1 to 19 and 20 to 33 in the same electrophoresis (Fig. 5B). Consequently,
eight gels were analysed.

The same genotype was obtained for each duplicate introduced in the study blind to the tester.
In conclusion, using the SSCP analysis, from a small quantity of DNA, we were able to identify
reproducibly wild-type and mutated alleles of the PS1 gene.

Discussion
In this study, we developed a novel strategy for genotyping the PS1M146VKI mouse line, a
current AD model. The classical method for genotyping PS1 mice, described by Guo et al.
(1999) and recommended by the Jackson Laboratories is a multistep method. It necessitates a
PCR amplification followed by a PCR product purification, an enzymatic digestion and an
agarose electrophoresis. The purification step necessitates a large quantity of amplified DNA.
Futhermore, three DNA fragments of 180, 350 and 530 bp are obtained for the PS1 targeted
allele, which include a large range of sizes. This method is thus limited and may lead to
genotype misreading. Taken together, these limitations emphasize the importance of
developing a new method for genotyping PS1M146VKI mice. Our new method makes two
improvements: greater specificity of the primers and greater sensitivity of the detection system.

The AmplifX software used to design our primers revealed that the classical primers may match
different regions of the murine PS1 gene outside of the targeted mutated nucleotides and
consequently may fail to amplify mutant DNA by classical PCR.

The PS1M146VKI mouse has a mutation of two codons which can be identified by the SSCP
analysis. We successfully designed specific primers to the targeted PS1 sequence, avoiding
possible impairment in primers matching during PCR, and limiting amplicon size.

We have obtained differences in mobility of the wild-type and mutant single strands. We have
clearly demonstrated the efficiency of the SSCP analysis testing the reproducibility of the
technique. The three genotypes targeted (+/+, +/KI and KI/KI) were correctly identified without
any errors.

Futhermore, the present study confirmed that the SSCP technique has many advantages to
detect mutations as small as a single base change. Its optimization is neither time-consuming
nor does it require complicated instruments or specialized techniques. We used Multitemp III
electrophoresis tank from Amersham Biosciences, but it can also be performed with a simple
electrophoresis tank at 4°C, overnight.

Gautheron et al. Page 5

J Neurosci Methods. Author manuscript; available in PMC 2009 December 6.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



In addition, visualisation of the mobility shift of wild-type and mutated strands performed using
a silver staining in place of ethidium bromide transillumination strongly enhances the
sensitivity of the technique (Han et al., 2008; Byun et al., 2009).

Our study highlights a new method for genotyping PS1M146VKI mice using the SSCP
technique. SSCP is a simple and rapid method reducing the number of steps that permits the
differential display, on non-denaturing gels, of the different PS1 targeted genotypes. We
strongly recommend this technique to genotype PS1M146VKI mice

Finally, this new approach can be applied to other transgenic or mutant mice that differ in
sequence by as few as one nucleotide. For example, the SSCP analysis is currently used in our
laboratory to genotype another transgenic model (Lurcher mutant) in which only one nucleotide
is substituted (Zuo et al., 1997; Selimi et al., 2000).
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Figure 1. Oligonucleotides designed to amplify the I145V/M146V mutation at 3 nucleotides in the
exon 5 murine PS1 gene
Uppercases indicate exons and lowercases indicate introns. The dash show nucleotides
homology in the mutant mouse sequence compared to wild type. The two new designed primers
using the AmplifX software are 5’AATCTACACCCCATTCACAG3’ for the forward primer
indicated as ⋙ and 5’GCCCCCAACTCTCCCACC 3’ for the reverse primer indicated as
⋘.
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Figure 2. Agarose electrophoresis of PS1 DNA amplified by PCR using the designed primers
The specific set of primers designed for PS1 gene generated a 231 bp PCR product in three
different DNA samples tested whose genotypes were determined using the classical method
(+/+, +/KI, KI/KI). PCR was performed in triplicate for each sample. No PCR product was
detected in the negative control lane (T−).
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Figure 3. Feasibility of SSCP analysis: differences in the migration of wild-type and mutated PS1
Photomicrograph of a polyacrylamide gel of SSCP electrophoresis. Migration was stopped
when the loading dye had totally migrated outside of the gel (i.e. overnight). The lower part of
the gel was cut off. Arrows indicate targeted specific bands. The upper band represents wild-
type allele and the lower band the mutated allele KI of PS1
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Figure 4. Representative gels of SSCP electrophoresis of samples 1 to 33
Same genotypes were successfully detected for each duplicate for the samples 1 to 33, as
referred in table 1. The reproducibility was also verified on different PCR and SSCP
electrophoresis. Different secondary structures of amplified DNA in the lanes 1–33 were
detected showing the three genotypes (+/+; +/KI and KI/KI; 100% match). Wild type allele is
indicated by *. No bands were detected in the negative control lanes (T−).
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Figure 5. Repeatability approaches
Two different PCR amplifications were realized from one DNA extraction for the samples 1
to 33. Each PCR product was denaturated and loaded on gels four separate times.
(A) Samples 1 to 19 were loaded on two gels migrating in a same electrophoresis (1) as for
samples 20 to 33 (electrophoresis 2).
(B) Samples 1 to 33 were loaded on two gels (1 to 19 and 20 to 33). Two electrophoresis were
realized (3 and 4).
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Table 1
Efficiency of SSCP analysis for genotyping

Description of the tails (samples) tested corresponding to the number of lane and the genotypes obtained by
classical PCR in order to confirm the efficiency of SSCP method. In total, 33 fragments of tails were analysed
from the three genotypes blind to the tester: 7 fragments from +/+ mice among which 6 were duplicated; 4
fragments from +/KI mice among which 4 were duplicated and 6 fragments from KI/KI mice among which 6
were duplicated.
The efficiency of SSCP method for genotyping was clearly confirmed (100% match).

Mice Genotypes by
classical PCR

(Guo et al., 1999)

Sample numbers
(lanes)

Genotypes
determined by SSCP

analysis

339 +/+ 1 +/+
339 +/+ 19 +/+
440 +/+ 6 +/+
440 +/+ 21 +/+
409 +/+ 7 +/+
409 +/+ 30 +/+
338 +/+ 9 +/+
338 +/+ 14 +/+
285 +/+ 16 +/+
285 +/+ 27 +/+
286 +/+ 25 +/+
286 +/+ 29 +/+
410 +/+ 32 +/+

405 +/KI 2 +/KI
405 +/KI 18 +/KI
433 +/KI 4 +/KI
433 +/KI 24 +/KI
432 +/KI 8 +/KI
432 +/KI 12 +/KI
456 +/KI 28 +/KI
456 +/KI 33 +/KI

378 KI/KI 26 KI/KI
378 KI/KI 31 KI/KI
319 KI/KI 3 KI/KI
319 KI/KI 11 KI/KI
447 KI/KI 5 KI/KI
447 KI/KI 13 KI/KI
371 KI/KI 10 KI/KI
371 KI/KI 20 KI/KI
379 KI/KI 23 KI/KI
379 KI/KI 15 KI/KI
530 KI/KI 17 KI/KI
530 KI/KI 22 KI/KI
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