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Introduction 
Systematic investigation of the influence of modifier loci on 
cardiomyopathy phenotypes is difficult in humans, because 
environmental factors cannot be controlled and genetic 
variation is large. Association studies manage this problem 
either by substantially increasing the numbers of cases 
and controls or by studying exclusively familial cases of 
cardiomyopathy. In rodent models, however, 
environmental and genetic complexity can be reduced 
much further: mouse inbred strains allow to examine 
multiple animals with a defined genetic background in a 
controlled environment. Employing quantitative trait locus 
analysis (QTL) we identified previously genetic modifiers 
conferring susceptibility to calcification of dystrophic or 
necrotic myocardium (1-3). In mice, this calcifying 
phenotype of cardiomyopathy is also referred to as 
dystrophic cardiac calcification. To simplify the 
identification of loci modifying a disease phenotype one 
can use a so-called “disease-sensitized” mouse model 
carrying a mutant disease-causing allele on a susceptible, 
inbred background (4, 5). Recently, such congenic mutant 
strains were used to map modifier loci of cardiomyopathy 
by QTL analysis. The underlying genes, however, remain 
to be determined by positional cloning, which may take 
years of work (6, 7). 
As a faster alternative, we apply now micro array 
technology to identify disease-specific and genetic modifier 
pathways. For this purpose, we will generate congenic 
strains transferring the genetic defects from several 
established cardiomyopathy models (on a mixed C57BL/6 
x 129 background) onto 4 inbred strain backgrounds 
(C57BL/6, C3H/He, FVB/N, 129S1/Sv). 
The first specific aim is the identification of inbred strain 
backgrounds determining high and low disease penetrance 
by comprehensive characterisation of cardiac pathology 
and function. The second specific aim is the identification 
of pathways associated with either the disease-causing 
allele or the influence of modifier genes. This will be 
achieved by comparison of myocardial gene expression in 
strains sharing a mutant allele with highest and lowest 
disease penetrance.  
 
Methods 
Generation of mutant congenic strains. The novel 
mutant congenic strains are generated, phenotyped and 
analysed in close collaboration with the group of Prof. M. 
Hrabé de Angelis (SMP-Models, GSF Research Institute). 
Strains will be cryopreserved at the European Mouse 
Mutant Archive (EMMA). Mutant congenic strains are 
produced employing accelerated breeding protocols for so-
called “speed” congenics (8): male pups are genotyped 
using SNP assays to apply negative and positive selection 
criteria (ie. small amounts of donor genome and 
heterozygosity of the mutant allele, respectively) in order to 
select suitable animals for further backcrossing to obtain 
the next generation (Fig. 1).  
 
 
 
 
 
 
 
 
 
 
 

 
 
 
4-5 backcross  
generations with 
the “best” hetero- 
zygous males 

Homozygous mutant 
mouse model with 

cardiomyopathy 
 

 
 
 
 
Fig 1:. Ge eration of con nic m
 
Phenotyping. Phenotyping w
cardiovascular screening unit a
(GMC) to determine the penet
(Fig. 2). Cardiomyopathy 
echocardiography to assess
ventricular dysfunction measu
shortening coefficients, E/A ra
Digital electrocardiography is
standardized fashion to detec
arrhythmias. Treadmill stress 
functional cardiovascular capac
of the myocardium are examin
immunohistochemistry and elec
 
 
 
 
 
 
Fig 2: Extensive cardiac phen
with high and low penetrance of
 
Microarray analysis. In coope
(MXpress facility, GSF Resear
gene expression profiling will 
mutant strains, which share a m
opposite extremes of the pheno
and the lowest penetrance of
Bioinformatics software from G
Germany) will be used to as
regulated genes: with respec
coordinate gene regulation is re
while differential gene express
signature of genetic modifiers
backgrounds. 
 
 
 
 
 
 
 
 
 
 
 
Fig 3: Comparison of genome-w
strains, which exhibited the 
penetrance of cardiomyopathy
allele. 
 
 
 

  

X X 

X 
X

utant st ins by breedin . 

X X
n

X

ge

X

ill be p
t the Ger
rance of

is c
 systol
red exa
tio and 
 perform
t ECG 
tests are
ity. Morp
ed by s

tron micr

otyping 
 the muta

ration w
ch Institu
be asse
utant al

type, i.e. 
 cardiom
enomatix
semble 

t to the
lated to
ion is i
 in the 

ide gene
highest 

 due to 

X 
ra
erformed in 
man Mouse Cli
 the mutant all
haracterised 
ic and diasto
ctly by fractio
other paramete
ed in a hig

abnormalities a
 used to asse
hological chang
tandard histolo
oscopy.  

to identify stra
nt allele. 

ith Dr. J. Beck
te), genome-w
ssed in conge
lele, but repres
exhibit the high
yopathy (Fig. 
 Inc. (Muench
pathways of 

 selected strai
 the mutant alle
nterpreted as 
respective str

 expression in 
and the low
a shared mut

X 

X 
g

 

the 
nic 
ele 
by 
lic 

nal 
rs. 
hly 
nd 
ss 
es 
gy, 

 
High                  High                 

ins 

ers 
ide 
nic 
ent 
est 
3). 
en, 
co-
ns, 
le, 

the 
ain 
     Lowest          Highest

the 
est 
ant 

http://www.science.ngfn.de/6_127.htm
http://www.science.ngfn.de/6_46.htm


Disease-oriented Genome Networks                                                      Cardiovascular Diseases 

Results/Project Status 
Initially, the required numbers of animals of each 
cardiomyopathy mouse model (homozygous animals) were 
difficult to obtain, because the fertility of some mutant lines 
was significantly reduced owing to the severity of the 
cardiomyopathy phenotype (heart failure). At present, the 
mutant alleles of all cardiomyopathy models are 
transferred onto the inbred C57BL/6 background by 
repeated backcrossing for at least 4 generations. At the 
same time, transferral the mutant alleles onto the 
remaining strain backgrounds has begun. Phenotyping and 
micro array analyses will be started in the final year of 
NGFN. 
 
Outlook 
This project is part of a scientific collaboration of the 
Cardiovascular Disease network with the SMP-Models. 
The mutant congenic strains are a valuable ressource for 
the identification of genetic modifiers of cardiomyopathy 
complementing association studies in DCM patients (see 
Project Contribution of Genetic Variation in Modifier Genes 
to Cardiomyopathy Phenotypes). Differentially regulated 
genes may point to novel candidate genes, which will be 
examined in other NGFN projects as well. The mutant 
congenic strains will be offered to collaborating scientists 
for detailed studies of cardiac physiology, myocardial cell 
biology and pharmacological intervention. 
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