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Czech Centre for Phenogenomics

2nd Programmable nucleases (CRISPR/Cas9)
Transgenesis Course
3rd-7th April 2017
Czech Centre for Phenogenomics, Prague-Vestec (BIOCEV)
This course, jointly provided by the Czech Centre for Phenogenomics and Phenomin/ICS, both members
of INFRAFRONTIER, is designed to give practical, hands-on training in current technologies and methods
employing CRISPR/Cas9-mediated genome manipulations in the generation of mice mutants. Participants
will gain theoretical and practical knowledge from our expert instructors, have ample opportunity for
discussion and can bring their own targeting projects to work on during the bioinformatics session. The
course has been designed for participants with an intermediate knowledge of molecular biology.
Course highlights:
•

Design targeting strategy for your project of interest

•

Apply the targeting tools and validate CRISPR activity

•

Deliver the editing tools to cell lines and zygotes

•

Identify CRISPR induced genomic modifications

Participants:

A maximum of 15 participants including 2 scholarships.

Application deadline:

15th February 2017 (results posted 20th February 2017)

Course fee:

980 Euro*

Participation on the course is subject to a selection process. Applications must be accompanied by a short
CV, letter of motivation (max 200 words), and a short letter of support.  Participants wishing to apply for
the scholarship should state this clearly in the cover letter. Please note that the scholarship will cover the
course fee only.   
* This fee is for participants from academic institutions.  The cost for participants from industry is available
on request.
Applications should be sent to the following email address: ccp-tam@img.cas.cz

For more information visit our website: www.phenogenomics.cz
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Cover Image: LacZ staining of lungs showing specific gene expression in
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Czech Centre for Phenogenomics, Institute of Molecular Genetics
offers

FREE-OF-CHARGE SERVICE OF HISTOPATHOLOGY UNIT
The Czech Centre for Phenogenomics (CCP), Institute of Molecular Genetics ASCR
(CCP-IMG) supports researchers with a free of charge service of histopathology unit.
A total of 5 histopathology projects will be performed for free.
The service provided covers:
•

Organ sampling and trimming

•

Tissue processing

•

Embedding

•

Sectioning

•

H&E staining

•

Slide scanning

1 project: 1 mice cohort (max 15 mice, 5 organs per mouse) or equivalent number of tissues
The user must work in an academic institution
Service requests for this call should be made via email ccp-pm-histo@img.cas.cz with subject
“Call for free - histopathology”).
All requests will be subject to a review procedure, which will be initiated after the call is closed.
Applicants will be informed on the outcome of the evaluation within 3 weeks after the end of
the call
Call, starting date: 1st January, 2017
Call, closing date: 31st January, 2017
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News
Section
In Brief
Title
Bioanalytics with our new
Q-TOF-MS instrumentation
Karel Chalupsky
Clinical Chemistry Unit
After we can take care of genome and transcriptome via Crispr/Cas 9 technology, the
metabolome is now in our sight.  Metabolome is due the microbiome and environmental
influences the only –ome that does not rely completely on DNA and protein expression,
therefore its changes more reflects fast changes in metabolism, diet and life style.
Recently, we have installed a new Q-TOF-MS in our center, and this new instrumentation
enables us to offer more data in less time when used for the bioanalytic services. Using
the METLIN Metabolomics Database, which is a repository of metabolite information as
well as tandem mass spectrometry data together with KEGG database, the metabolites
are mined, identified and linked with metabolic pathways. We want to add non-targeted
metabolomics in our regular pipeline where we search for new gene functions.  We plan
to use Q-TOF besides classical clinical biochemistry screen but in order to safe sample
volume we might switch and validate Q-TOF approach for some clinically used metabolites in future. Additionally also we want to
implement targeted metabolomics for metabolites such bile acids and steroids hormones in our research programs.

Day for National Research
Infrastructures
Libor Danek
CCP Management
On Thursday November 3 2016 the representatives of almost
sixty Czech research infrastructures, research policy agencies,
state administration and other stakeholders met for the first time
to share their views and experience during the National day of
research infrastructures, unique conference jointly organized by ELI Beamlines, CCP/BIOCEV and IT4I on November 3rd, 2016 in
Dolní Břežany.
The research infrastructures (RI) are unique facilities and resources offering various top-level services for research communities
on national and international level. Within the EU the European Strategy Forum on Research Infrastructures (ESFRI) coordinates
a coherent and strategy-led approach to policy-making on RI in Europe. One of the key outputs of ESFRI is regularly updated road
map of the RI that identifies the RI of pan-European interest corresponding to the long term needs of the European research
communities. The similar national roadmaps have to be produced by EU member states.
Albeit the RI in the Czech Republic are represented by the RI Council serving as advisory board to Ministry of Education, Youth
and Sports, the national day of RI in Břežany was the first event where representatives of all Czech research infrastructures have
the opportunity to meet not only themselves but also all relevant stakeholders (e.g. Ministry of Education, Government Office
for Research, Academy of Sciences etc.). The ESFRI was represented by its chair prof. Giorgio Rossi and his deputy Dr. Jan Hrusak.
The key topics that participants discussed in the first part of the conference were the necessary conditions and favorable
environment needed for operating national RI as backbone of excellent research in the Czech Republic. Obviously the sustainability
and funding are key issues for most of the infrastructures. The international dimension of such issues were mentioned by ESFRI
representatives who spoke on new ESFRI roadmap for 2018 and long-term sustainability of RI in EU policy recommendations. The
representatives of MEYS and Czech Governments take all that in consideration for further development of national RI policies and
research financing budget proposals.
The following panel discussions were dedicated to mutual exchange of views on daily routine operation of infrastructures and
serving the users. Czech researchers are not yet enough used to utilize the services of RI and is one of the important tasks of RI
to attract them. On the other side the infrastructures have to follow national and EU provisions on competitiveness and state aid
and thus might be limited in commercial providing of contracted research services. The other concerns are related to open access
policy where the individual RS have quite different approach regarding scope of the services offered, selecting the users or how
to share collected research data. Nonetheless all participants agreed that user satisfaction have to be key benchmark for the RI.
PHENOGENOMICS NEWSLETTER
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Featured Article
Embryonic Stem Cell Targeting For IMPC
Inken M. Beck
Targeting and Archiving Module
At the Transgenic and Archiving Module (TAM) of CCP (https://
www.phenogenomics.cz/) we produce mouse models for the
IMPC (International Mouse Phenotyping Consortium) by using
targeted embryonic stem cells (ESCs) as well as programmable
nucleases (CRISPR/Cas9 system). The production is completely
on C57Bl/6N background, since it is one of the best characterized
inbred strains and serves as reference for the sequence of the
mouse genome.
This article would like to give an overview about different
available alleles that are mainly used for targeting genes in
ESCs in frame of the IMPC. The targeted ESCs alleles described
here are mainly available via two major repositories: EUMMCR
in Munich (European Mouse Mutant Cell Repository, https://
www.eummcr.org/) and KOMP at the University of California,
Davis (National Institutes of Health Knockout Mouse Program,
https://www.komp.org/index.php). Over ten different alleles
were developed under IKMC that also comprises three further

Fig. 1 Knockout-first allele: Promotorless selection cassette
programs, TIGM, NorCOMM and EUCOMMTOOLS.
With the aim of generating a resource of reporter-tagged null
mutation in mouse ES cells, large-scale knockout consortia1
were established to support and improve efforts towards
the genetic analysis of all mammalian genes https://www.
mousephenotype.org/about-ikmc. The goal of the International
Mouse Phenotyping Consortium is to discover functional
insight for every single gene by generating and systematically
phenotyping 20,000 knockout mouse strains (http://www.
mousephenotype.org/).
The high through-put pipeline developed at the Wellcome
Trust Sanger Institute2 forms the basis for the generation of
thousands of lacZ-tagged conditional alleles. Conditional alleles
provide the possibility to study gene function in tissue- and
time-specific manner. Main and most versatile IKMC allele
is the so called “knockout-first” allele that combines a LoxPflanked critical region together with lacZ element terminated
by polyadenylation sequence (see Figures). Promoterless and
promoter-driven targeting cassettes are in use to generate this
knockout-first allele and in contrast to classical conditional
PHENOGENOMICS NEWSLETTER

Fig. 2 Knockout-first allele: Promotor-driven selection cassette
alleles, this allele aims to already generate a null mutation.
By using site-specific Flp and Cre recombinases conditional
wild-type and reporter knockout alleles, respectively, can be
produced.  
The pictures show the different alleles that can be derived
from original tm1a allele. By using Cre recombinase cutting
at loxP sites the critical region will be removed completely
and generates the tm1b allele. For screening mice through
IMPC phenotyping pipelines mice carrying the tm1b allele
are taken. The tm1a version with promoter-driven selection
can be converted to a tm1b allele without neomycin cassette.
In some cases, it has been reported that presence of neomycin
resistance gene influences phenotype results.
To generate a classical conditional allele (tm1c) Flp recombinase
cutting at Frt sites is needed to excise lacZ reporter and
selection sequences, resulting in a wild-type allele with floxed
critical region. This tm1c allele can further be treated with Cre
recombinase to generate tissue-specific deletion or deletion
in time-specific manner in presence of inducible Cre protein
(tm1d allele).
For the conversion into tm1b and tm1c allele, with high
efficiency CCP is using Cre and Flp deleter strains, respectively,
that were developed and generated at ICS, Strasbourg3.
An elegant, timesaving and efficient method to convert tm1a
alleles to tm1b was established by using a cell permeable Cre
recombinase treatment of pre-implantation embryos4.

Fig. 3 Targeted, non conditional allele
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During targeting in ESCs the 3’ loxP site is often lost due to
recombination events in the homology arms between the
targeting cassette and 3’ loxP site. This generates targeted, but
alleles without conditional potential (tm1e), means they cannot
be transformed to conditional alleles using Flp recombinase.
The alleles are lacZ-tagged and should result in null mutations
(Fig 3).
The VelociGene group at Regeneron, Inc. generated a different
general construct for creating knockout alleles for KOMP (Fig
4). In most cases the targeting will result in a complete null
allele (tm1) that deletes the entire protein coding sequence of
the target gene. This allele design can be applied to any gene
transcribed by RNA polymerase II regardless of size, intron-exon
structure, RNA splicing pattern, or protein-coding capacity5.
For IMPC phenotyping efforts selection cassette has to be
removed by Cre recombinase leading to a reporter-tagged
deletion allele without selection cassette (tm1.1).
Detailed information about nomenclature for mutant alleles
generated in ES cell lines by IKMC can be found at Mouse
Genome Informatics (MGI) website under following link: http://
www.informatics.jax.org/mgihome/nomen/IKMCnomen.shtml
The aim of the IMPC is to provide data on C57Bl/6N background,

By injecting these A/a ESCs into a/a embryos it allows
visualization of ESC-derived mice by coat color and ensures
recovery of pure inbred mice from test crosses performed with
C57BL6/N mice.
Another ESC line with reliable germline transmission efficiency
used for high-throughput gene targeting is VGB6 that is mainly
used by VelociGene group for generation of tm1 deletion
alleles7.
To make benefit of coat color identification for the generation
of chimeric mice, our module is using C57Bl/6N and C57BL/6JTyrc-2J (albino B6) embryos as host strains for injecting the ESCs.
With this donor strains we have opportunity to inject a/a and
A/a ESCs and also ESCs derived from different backgrounds with
potential to see if and how much the stem cells contributed
to the chimerism. As test cross strain for chimeras in frame of
IMPC projects, we always use C57Bl/6N partners to obtain G1
generation on 100% B6 background.
Even in times of programmable nucleases and widespread use
of CRISPRs, the produced ESC resource stays a well-designed
and very useful tool to study gene expression as shown in Fig. 5
and as choice when conditional alleles are inevitable.

a

b

Fig. 4 VelociGene’s KOMP Definitive Null Allele Design

accordingly, also targeted ESCs used for IMPC production are all
derived from this inbred strain. The repositories used different
B6N ESCs lines to target the genes. Pettitt et al. developed a
valuable ESC line, JM8, with high germline transmission rate6.
By converting the non-agouti (a/a) mutation back to dominant
agouti (A/a) allele, sublines were generated carrying the agouti
fur color over black fur color information.

c

d

e

Fig. 5 LacZ staining of the a) brain, b) liver, c) embryo, d) kidney,
and e) testis including cauda epididymis.
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Featured Review
An Overview of programmable nuclease technology
Bjoern Schuster
Targeting Unit
Genome engineering has become popular again and more
than ever before in recent years with the availability of
programmable nucleases. Zinc finger nucleases (ZFNs) were
the first efficient programmable nucleases used for targeted
genome engineering, as reviewed in (Urnov et al. 2010). Here,
a series of zinc fingers designed to bind a specific genomic
locus are fused to a nuclease domain (FokI) which when paired
facilitate a DNA double strand break (DSB). Although effective,
the assembly of ZFNs is time consuming and costly limiting
their wide use by the scientific community. This changed when
the transcription activator-like (TAL) effector nuclease (TALEN)
technology became widely available in 2011/ 2012 originally
found in the plant-pathogenic bacterial genus Xanthomonas.
Suddenly everyone was able to design and construct
programmable nucleases due to the simple modular design of
the TALEN. Like ZFNs, TALEN consist of a DNA binding protein
fused to a nuclease domain (FokI) and function as a pair. Using
Golden Gate Cloning (GGC) for the assembling of the single DNA
binding modules made the TALEN a real success and allowed a
wide spectrum of researchers to use TALEN for genome editing.
This way, TALEN could be assembled within a week for a very
affordable price. However, when most of us were still trying to
figure out the Boch-Bogdanove code (Boch et al. 2009, Moscou
and Bogdanove 2009) and setting up GGC reactions with 40
different plasmids for one TALEN pair, a novel DNA editing tool
was lurking around already. The Clustered regularly interspaced
short palindromic repeats (CRISPR)/CRISPR-associated (Cas)
(CRISPR/Cas) systems originally found as a defence mechanism
in archaea and bacteria including the Streptococcus pyogenes
Cas9 (SpCas9) (Jinek et al. 2012), the most popular Cas-system
Drug target
screens

Ecological
vector control

Viral gene
disruption

Human Gene
Therapy

Animal disease
models

Programmable nuclease
ZNF - TALEN - CRISPR

RNA
targeting

Agriculture:
crops and
animals
Synthetic
biology

Figure 1. adapted from Doudna& Charpentier(2014) Science,
showing the potential of future development of the CRISPR/
Cas9 system. Only two years later the vision became reality
with programmable nucleases being present in multiple areas
in biomedicine and biotechnology with an still expanding field
of applications.
PHENOGENOMICS NEWSLETTER

today. In contrast to ZFNs and TALENs, CRISPR/Cas9 is composed
of a constant protein unit, the nuclease which is guided to the
target locus by a variable RNA component, the guide RNA
(gRNA). The specificity of the CRISPR/Cas9 system is ensured
by a short 20 nucleotide (nt) sequence as part of the gRNA plus
a protospacer adjacent motif (PAM) within the targeted DNA
which is recognised by the Cas9 protein. The only part that
needs to be adapted for individual targeting is a 20 nt sequence
of the gRNA. Thus, making the CRISPR/Cas9 system very flexible
and inexpensive for genome editing and enables even large
genome wide screens, as demonstrated by Koike-Yusa by the
end of 2013 (Koike-Yusa et al. 2014) using a lentiviral library
covering the entire mouse genome. By now, CRISPR/Cas9 has
been adapted to a multitude of organisms and applications
(Hsu, Lander and Zhang 2014, Doudna and Charpentier 2014)
beyond genome editing and became a global phenomenon.  
Still, there are some challenges mostly regarding the specificity,
restrictions due to the PAM requirement and size of the Cas9
protein. If we start with the specificity, the main question is,
if a short 20 nt sequence plus the PAM is sufficient to provide
the specificity needed for precise and save genome editing?
The short answer is yes, but with limitations. A multitude of
sophisticated techniques to precisely analyse off-targeting
have been developed including Guide-seq (Tsai et al. 2015),
Breaks Labeling Enrichment on Strepavidin and next generation
Sequencing (BLESS)   (Crosetto et al. 2013), LAM-PCR HTGTS
(Frock et al. 2015) and Digenome-seq (Kim et al. 2015) to shed
further light on off-targeting (also summarized in (Koo, Lee and
Kim 2015)), revealing that there are indeed off-target effects and
some of them are even difficult to predict by current software
tools. While these findings reflect results from cell cultures, the
situation in targeted mice seems totally different with almost
zero detectable off target mutations (Iyer et al. 2015).
Already early on the mechanism how CRISPR/Cas9 binds
to its target DNA and the tolerance of mismatches has been
investigated (Fu et al. 2013, Hsu et al. 2013). Thanks to this
findings our design of gRNAs significantly improved to avoid
undesired effects in off-target sites. As a rule of thumb, the
activity of the CRISPR depends on the number of mismatches
and their position. Here, the mismatches within the seed
sequence of the gRNA (the sequence proximal to the PAM) have
a stronger effect on the activity than at the 5’ end of the gRNA.
With this in mind, clever selection of gRNAs avoids already
negative side effects. But also modifications of the gRNAs can
improve the targeting specificity. The intentional addition of
two mismatches at the 5’ end of the gRNA (e.g. starting with
GG) (Kim et al. 2015, Cho et al. 2014) or the use of truncated
gRNAs (Fu et al. 2014) were shown to reduce off-target effects
significantly. But improvements don’t stop here. The use of
Cas9 protein instead of plasmids shorten the duration of active
nuclease complexes within the cells, thus further reducing the
chance of accumulating off-target effects in cells (Kim et al.
2014).
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Other solutions, to further eliminate off-targeting include Cas9
Nickases were the Cas9 facilitates a nick in a single strand
instead of a DSB (Mali et al. 2013, Ran et al. 2013) or likewise to
ZFNs or TALEN, dead Cas9 (dCas9) fused to FokI (Tsai et al. 2014)
can be used. Since here are always two gRNAs required instead
of one, the efficiency of the nucleases might be lower.
Improved design of gRNAs and experimental setups might be
sufficient for most applications in biological research, but it still
doesn’t fulfil requirements for precision gene therapy in human
were a high level of specificity is required and the improvement in
specificity is therefore in focus of current research. Recently two
independent groups developed structure-guided engineered
SpCas9 variants with reduced off-targeting, yet strong on-target
activity by destabilising the binding of the CRISPR/Cas9 complex
to DNA. This was achieved by either weakening the binding to
the displaced, non-targeted DNA strand with enhanced SpCas9
(eSpCas9) (Slaymaker et al. 2016) or the targeted strand using
high fidelity SpCas9-HF1 (Kleinstiver et al. 2016a) resulting in
nucleases with virtually no off-target effects.
In as similar approach SpCas9 was altered to bind to alternative
PAM sequences. While the PAM sequence provides additional
specificity of the CRISPR/Cas9 system it can on the other hand
lead to certain limitations. The natural SpCas9 PAM sequence
NGG allows targeting of virtually any gene in the genome
for gene depletion. However, the PAM requirement might
be problematic for precise genome editing in GC low loci or
when allele specific targeting is required. To address this issue,
engineered Cas9 proteins were developed using alternative
PAM sequences (Kleinstiver et al. 2015b, Kleinstiver et al.
2015a) broadening the spectrum of genomic target loci. While
this strategy is still based on the SpCas9 to optimize the system,
alternative nuclease have been explored.
Alternatives to the CRISPR/Cas9 system
Hitherto, SpCas9 is the most widely used programmable nuclease.
However, there are some interesting alternatives which deserve
our attention, including the SaCas9 from Staphylococcus aureus
(Ran et al. 2015) and the Cas9-like protein Cpf1 (Zetsche et al.
2015). Both programmable nucleases perform in a comparable

way to SpCas9, but they have one major advantage. They are
significantly smaller in size which is favourable especially for
applications where viral vector systems have to be used. They
also utilize alternative PAM sequences compared to SpCas9 and
therefore complement our nuclease toolbox further broadening
the spectrum of genomic target loci for precise genome editing.
Cpf1 has already been proven to be suitable for mouse model
generation (Kim et al. 2016b) and there are first indications that
Cpf1 might possess even higher specificity compared to wildtype SpCas9 (Kim et al. 2016a, Kleinstiver et al. 2016b). Together
with the even simpler design of the Cpf1 gRNA and the different
cutting mode, resulting in DSB with short over-hangs instead
of blunt end caused by Cas9, Cpf1 represents a very attractive
alternative to SpCas9.  
Another putative alternative to SpCas9 could be Argonaute,
an endonuclease originating from Natronobacterium gregoryi
Argonaute (NgAgo) (Gao et al. 2016). In contrast to the afore
mentioned nucleases, NgAgo is a ssDNA-guided nuclease with
a 24 nt gDNA instead of a gRNA without the need of a PAM
sequence. However, there are currently some controversies
about the reproducibility of the initial reports.   
As genome editing tools ZFNs, TALEN and CRISPR facilitate a
double strand break in DNA, that’s it.
The DSB is repaired by the DNA repair machineries of the cell by
two major pathways, the non-homologous end joining (NHEJ)
or homology-directed recombination (HDR). While NHEJ is error
prone it is the most efficient way to introduce small insertions
or deletions within gene coding regions to cause frame shift
mutations leading to gene depletion. The CRISPR Cas9 system
makes it easy to even multiplex gene targeting by supplying
multiple gRNAs at the same time (Cong et al. 2013).   While
this is ideal for studying the function of the gene products,
the editing is not precise and somehow unpredictable. In
contrast, HDR can be employed to specifically modify the
genome by simultaneously providing the nuclease and a DNA
repair template to the cells. However, HDR is less efficient
compared to NHEJ and is currently one of the major challenges
to solve. Attempts to improve HDR events include the use of

Targeted insertions
Programmable
nuclease
One nuclease
+ repair
template
ZNF – TALEN
- CRISPR

Indel mutations
One nuclease

Targeted insertions
One nuclease + repair template

Inversions and Deletion
Two nucleases

NHEJ/MMEJ

HDR

NHEJ/MMEJ
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Figure 2. Programmable nucleases in genome editing
applications. As nucleases, ZFN, TALEN and CRISPR
mediate
a DNA double strand break (DBS) at target loci. Cellular
repair mechanisms fix the DSB by error
prone end joining either non-homologous (NHEJ) or
micro-homology mediated (MMEJ) ideal for gene
disruption by introducing out of frame mutations. In
contrast, homology directed repair (HDR) in
presence of a donor template, ssDNA or dsDNA, allows
precision genome modifications. Applying two
nucleases simultaneously, genomic regions can be deleted
or inverted by NHEJ/MMEJ.
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inhibitors of NHEJ or to promote HDR repair (Chu et al. 2015).
But also the design of the DNA donor constructs has changed
dramatically with CRISPR/Cas9 from ‘classical’ targeting vectors,
used in conjunction with programmable nucleases containing
homology arms of 700-1000 bp length, to homology arm
independent targeting constructs seem to work sufficient for
biological applications (Yoshimi et al. 2016, Suzuki et al. 2016).
Thus, simplifying not only the design of targeting constructs but
also the downstream genotyping significantly. However, the
destructive nature of the nuclease remains still stronger than

the precise repair of the DBS. Seeing the progress that has been
made in recent years and the speed of improvements in every
aspect of genome editing it seems just a matter of time till the
last obstacles are solved paving the way for save and precise
genomic modifications in research and human therapy.   
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Czech Centre for Phenogenomics

Metabolism, from cells to mouse
Spring 2017
We are glad to announce our metabolic workshop “Metabolism from cells to mouse”.   This workshop will be coorganized with Agilent Technologies. During this workshop we will demonstrate Seahorse technology, Q-TOF and
indirect calorimetry all in one experimental model. We will show high throughput methods as Seahorse with more
detailed metabolite screen by Q-TOF and translation of cell culture results it into living mouse model using indirect
calorimetry. Please see more details on our website phenogenomics.cz.
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Obesity, is defined by the abnormal or excessive accumulation of
fat that may impair health.  In 2008, more than 1.4 billion adults
were diagnosed as overweight and more than half a billion
were obese (WHO). Of more concern, is the rise in childhood
obesity, globally, 42 million preschool children were overweight
in 2013 (WHO).  The role of obesity in other diseases has been
well characterised, with 44% of diabetes, 23% of ischaemic
heart disease and 7–41% of certain cancers are attributable to
overweight and obesity3.
Whilst research using in vitro models forms a powerful tool
for answering many questions, the use of in vivo models allow
investigation into the complex network of systems affected by
both disorders.  In addition to that, use of transgenic models,
where specific genes are either up or down regulated further
strengthen the role of in vivo studies into these disorders.

Our standardised screen has been developed as part of the
International Mouse Phenotyping Resource of Standardised
Screens International Mouse Phenotyping Resource of
Standardised Screens (IMPReSS).  These tests can also be useful
as primary screens for researchers
and group leaders
interested
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Diabetes mellitus, defined by a physical or functional loss of β
cells, is characterized by the persistence of high, unregulated
blood glucose levels.   Left untreated, this disease can lead to
serious damage to the heart, blood vessels, eyes, kidneys,
and nerves and complications can lead to heart attack, stroke,
blindness, kidney failure and lower limb amputation.   With
millions of people currently living with the disease, WHO has,
as part of the 2030 Agenda for Sustainable Development, set
the ambitious target to reduce premature mortality from noncommunicable diseases – including diabetes by 20302.  

The metabolism unit at the Czech Centre for Phenogenomics
aims to support these research pursuits into metabolic diseases
using transgenic, in vivo mouse and rat models. As a member of
the International Mouse Phenotype Consortium (IMPC), CCP is
involved in the high-throughput phenotyping of knock out mice
to discover the function of every gene.  As part of this systematic
phenotyping pipeline, the metabolism unit conducts indirect
calorimetry tests and the intraperitoneal glucose tolerance test
(IPGTT).  Using these two robust tests, the unit is able to identify
subtle metabolic changes in unrestrained animals.  

Blood Glucose (mmol/L)

Research into metabolic disorders and their associated diseases
is vital for both understanding and treatment.  Although diseases
such as heart disease, strokes and cancers are closely affected
by metabolic disorders, diabetes mellitus and obesity are major
metabolic diseases affecting our society.    The incidences of
both diabetes (particularly obesity-related type 2 diabetes) and
obesity in both developed and developing societies has formed
the basis of research into understanding the onset of these
disorders and also finding better treatments1.  
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Figure 2.  Example of a glucose tolerance test indicating imparied
glucose clearence in the group depicted in red.
Energy expenditure
Indirect calorimetry is a non-invasive method where oxygen
consumption and carbon dioxide production are measured over
a given period of time in a home cage environment. The purpose
of these measurements is to provide information about energy
metabolism and to detect abnormalities of carbohydrate and
lipid metabolism in rodents. Since oxygen and carbon dioxide
are measured simultaneously, the respiratory exchange ratio
(RER) can be calculated; Fig. 1). As activity, food and water intake
are also monitored, total energy expenditure can be evaluated4.

Figure 1. Representive trace depicting alterations in RER
(Respiratiory Exchange Ratio) as seen using our Phenomaster
Indirect calorimetry system.
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Intraperitoneal glucose tolerance test (IPGTT)
This test is used for detection of abnormalities in glucose
metabolism. In human medical practice this test is performed to
diagnose diabetes and metabolic syndrome. The test is similar
for mice and humans; it measures the clearance of a glucose load
from the body at different time points. Mice are fasted for 16h,
basal glucose level is measured prior to glucose intraperitoneal
injection and glucose levels are measured during the following
hours (Fig. 2).
Insulin blood level

In conclusion, the metabolism unit at the Czech Centre for
Phenogenomics ready to aide research projects investigating
the mechanisms of various metabolic disorders.  Our standard
customised tests (Table 1), make use of state of the art technical
equipment such as the Phenomaster System from TSE systems
and can be conducted on both mouse and rat5 models. Whilst
our standard tests allow a general overview of metabolic
abnormalities, the customised tests focus on more in depth
investigation of metabolic disease models and utalise the latest
technology from complementary units such as Bioimaging,  
Clinical Chemistry and histopathology.  All tests described in this
article are currently available and can be adapted to the specific
requirements of individual research projects.   

Insulin is a peptide hormone, which is an important regulator
of glucose homeostasis. The level of insulin in mouse plasma  
is detected during terminal bleeding. Together with the For more information about our services visit our website
intraperitoneal glucose tolerance test, an abnormal level of http://www.phenogenomics.cz/phenotyping/.
insulin is indicator of diabetic or metabolism related phenotype.
Rat models of metabolic disorders

Standard Services:
• Energy Expenditure
• IPGTT
• Insulin Tolerance Test

The metabolic unit is striving for both the standard and
customised services to be available for both mouse and rat
models.   We believe that offering services such as Indirect
calorimetry and pair-feeing studies for rat models will prove to
be valuable to researchers.   When this is combined with the
ability to generate transgenic rat models, the metabolism unit  
can aide the investigation the role of a specific gene (or multiple
genes in a particular pathway)  in various metabolic disorders.
For more information on using rat models or to discuss particular
experiments you can contact us at ccp@phenogenomics.cz.  

Customised Services:
• Pair-feeding studies
• High fat fed rodent model
• Diabetes induced in rodent models
• Body composition
Table 1. Overview of the services offered by the
Metabolism unit.

A

B

C

Figure 3: Customised services: A) Body scan depicting fat, lean mass and bone courtesy of the body imaging unit.  B) Insulin stain of
the pancreatic islet, courtesy of the histopathology unit. C) Phenomaster indirect calorimetry cages with paired feeding capability.
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Lung function measurement in laboratory
animals: An historical overview
Benoit Piavaux
Lung Function Unit
Introdcution
Alterations of the lung function, the ability of the lungs to
efficiently exchange gasses, is a key factor of pulmonary
diseases and therefore also a critical parameter to be measured
in animal models of these diseases.
There are 2 types of lung function measurements. In the
first and most used type, mechanical parameters of the
lung are measured; these include resistance to the airflow
and compliance (elasticity related parameter) of the lungs.
These parameters mainly influence the airflow and the renewal
of air which can be achieved in the lung. The second type of
measurements is measuring the gas-exchange inside the lungs.
It is done by injecting a known gas mixture in the lung and
measuring the composition of the exhaled gas. As the latter
method is only rarely used, it will not be discussed in this article.

exhalation. Usually mice also had an i.v. line inserted in their
jugular vein to administer methacholine (or acethylcholine)
and thus record dose response curves and determine AHR.
This method was a huge step forwards compared to
measurements on explants, but it was still very rudimentary,
as it tells you there is some restriction in the flow, but doesn’t
inform about what is causing this restriction. These causes can
be multiple, one of them the resistance to the airflow caused by
the contraction of the airways was already discussed. The second
main cause of suboptimal airflow is the loss of elasticity of the
lungs, which is typical in diseases like pulmonary emphysema
and pulmonary fibrosis. Due to this loss of elasticity the lungs
cannot inflate themselves with air optimally and cannot deflate
as the elasticity of the lungs is the main driving force for
deflation, especially in small animals.

The early years: Indirect measurements on explants
Many patients have episodes of reversible acute respiratory
distress, caused by increased sensitivity of the airways to
non-specific stimuli like cold-air or dusty environments.
This increased sensitivity is called ‘airway hyperreactivity’ (AHR).
One of the main mechanisms causing AHR, is the exaggerated
contraction of the smooth muscle layer surrounding the airway.
In many lung diseases, this layer also shows hypertrophy,
making it contract even harder.
This contractile force is what was measured in the first
methods to assess AHR. Rings of the trachea or pieces of
the smooth muscle layer surrounding the trachea were
isolated and attached to a force-transducer in an organ bath.
Explants were then exposed to acetylcholine or methacholine
(a non-specific bronchoconstrictive agent) and contraction
force was measured.
The major drawback of the indirect methods is that
measurements are done in small parts of the pulmonary
system and might thus not be representative for the whole
system. Additionally the lung function is not only determined
by the contractile force of smooth muscle layer surrounding the
airways.
Measurements of lung function in ventilated animals
Airway pressure-time index
The development of ventilators for small animals led to the
possibility to measure lung mechanics parameters in living
anaesthetized animals and thus measure the complete
pulmonary system. The first method that was developed
was the measurement of the ‘airway pressure time index’,
abbreviated as APTI. For this animals were tracheotomized and
attached to a small animal ventilator with a pressure transducer
attached at the airway opening. The APTI was then calculated as
the area under the curve of pressure versus time curve for one
PHENOGENOMICS NEWSLETTER

Figure 1: Typical set-up for advanced lung mechanics
measurements based upon plethysmography.

Plethysmography in ventilated animals: Resistance and
compliance
To determine the resistance and the elasticity of the lungs one
need to determine 3 parameters, i.e. the flow of air, the volume
of air pumped in the lungs and the pressure this volume of air
causes in the thorax. With the APTI measurements we could
already determine the pressure, with the pressure transducer
at the airway opening, and the volume, which is determined
by the settings of the ventilator. So a method needed to be
found to determine the flow, but this is challenging in mice
and other small animals as the flow is very small due to the
small size of the lungs, which makes direct measurement of
the flow challenging. A solution was found with the use of a
plethysmography chamber. These chambers are rigid boxes in
which pressure is measured. The change in pressure caused by
the ventilation of the animal which is placed in the box correlates
well with the airflow and can thus be used to determine the
airflow indirectly. A nebulizer can be attached in line with the
VOL. 1 ISSUE 4
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ventilator to be able to administer broncho-constrictive agents
and thus determine AHR.
Some variations of this method have been developed, mainly to
apply it to restrained but unanaesthetized animals. They usually
use 2 chamber plethysmograph set-ups where the body is in
another plethysmograph chamber than the nose. The airway
resistance is derived from the difference between the flow
of the nose-chamber (mouse is exclusive nose-breather) and
the body chamber. It does not allow the measurement of the
lung compliance as there is no measurement of the pressure
in the lungs. There are also head-out plethysmographs which
only measure the thoracic flow in unanaesthetized animals.
This latter method doesn’t allow for the calculation of true lung
mechanics parameters.
Plethysmography in ventilated animals: advanced methods
Based upon the same principles of the resistance and
compliance measurements more advanced measurements were
developed. The flow, pressure and volume are still determined
the same way, but measurements like breath holds and forced
expiratory and inspiratory maneuvers were added (Fig. 1).
Despite the fact that these machines are able to generate many
more parameters and especially parameters which are also
measured in the clinic in human patients, they never became
very popular. The main reason for this is that at the time
these set-ups where launched the unrestrained whole body
plethysmography was very popular, as it was very simple to use
and mice didn’t need to be anesthetized and tracheotomized.

Advanced methods without plethysmography
The latest generation of machines for lung mechanics
measurements does not use plethysmography. Instead of that,
they use mathematical modelling of the pressure curves from
a transducer placed at the ventilator piston and a pressure
transducer placed on the expiratory line. As this method is
more robust and the results more reproducible than with
plethysmography based set-ups, it quickly became the ‘golden
standard’ for lung function measurements in laboratory
animals. Additionally the machines allow for perturbations
at different frequencies, by which one can determine if the
changes in lung function are due to changes in the airways or
the lung parenchyma (Fig. 2).
Unrestrained whole body plethysmography does not
measure lung-function
An overview of the devices for lung-function measurement
would not be complete without mentioning the unrestrained
whole body plethysmography. It has been the most used method
for lung function assessment for many years. In these set-ups
the mouse is freely moving in a small plethysmography box
and respiratory curves are measured. These machines allowed
high throughput screening as 1 set-up could handle 12 boxes.
Mice can be challenged via methacholine or acetylcholine
aersol delivered by a nebulizer. From the measured respiratory
curves a parameter called: ‘enhanced pause’, abbreviated:
‘penh’ is calculated. Unfortunately it was shown by many
authors that the penh does not correlate to any measurement
of lung mechanics parameters. Therefore the measurements
made with unrestrained whole body plethysmography are now
considered unreliable. Some labs still use it as a high throughput
pre-screening method and confirm their findings later by more
reliable methods. As the correlation is bad or even completely
absent between the unrestrained plethysmography and other
more direct methods for lung-function measurements, the
value, if any, of this pre-sreening remains to be determined.
Conclusion

Figure 2: Latest generation lung function equipment as available
at CCP. The machine in the back is the set-up as it would be used
for assessment of lung function in a single animal. The module
in the front is the high-throughput resistance and compliance
plethysmography module for 4 mice. (Picture from Scireq, used
with permission).

Since the start of lung function measurements there have
been many methods developed to quantify deviations in lung
function parameters, from very artificial organ baths on explants
of the trachea to the very elaborate machines which measure
lung function nowadays and which offer an expanding range
of options and modules. At CCP we have chosen for the latest
generation machines, which do not rely on plethysmography for
measurements on a single subject. We have a plethysmography
based multiple subject extension for these machines which
allow us to measure resistance and compliance, with or without
methacholine challenge, in 8 animals simultaneously for
high-throughput studies.
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In the Spotlight
Animal Facility Module: Taking care of Mouse models
Jan Honetschläger
Animal Facility Module
I do visit many animal facilities worldwide for several reasons;
to check their ability to get the necessary legal licences to
work with laboratory animals, to consult on how to improve
their material and personal flow or just as a friendly visit. All
facility managers, including myself, have the same way how
to present the quality of their sites. It is usually a guided tour
through the animal facility building which includes description
of housing system, decontamination technology, drinking water
treatment, cage washing technology and sterilization, HVAC
technology and material and personal flow with huge amount
of information why this technology is better than others. Such
information is very useful to get an idea about default quality
of the facility, but although you will have the best cages and
housing technology, you can still deal with animal health and
welfare problems, which can influence the validity of scientific
data obtained from animals. A more valuable qualitative factor
is that intangible thing hidden behind the scene, which is
usually not visible during a short site visit. We are talking about
the “soft” part of husbandry. Husbandry is described in the  
Assistant Laboratory Animal Technician Training Manual as : “
The practice of providing appropriate support for the physical
and psychological well-being of the animals. ” This includes
a lot of things like different methods of animal identification,
type of the bedding, diet and its storage and distribution,
different types of watering, environmental control and animal
management system. Proper selection of all materials and it’s
relation to species, work flow, personnel flow, material flow
and scientific needs specific to your animal facility is a very
important factor which must be considered well by facility
managers and written in Specific operational procedures. The
key part of success are animal facility employees. Each member
of the team is an character with different needs, motivation and
ideas which gives on managers lot of responsibility to keep them
interested in the Lab animal field to increase their professional
value, attitude, responsibility level and more - to change the
culture of care.

Here at the Czech Centre for Phenogenomics we have
established a state of the art animal facility.   This facility was
built with the sole purpose of serving the research community
in both the CR and wider international community.  The entire
animal facility is separated into two locations with the main
breeding and production located in the brand new CCP building
at Vestec. Second part is located at Krc campus. The animal
facility in Krc contains 3 separated buildings which offer to use
mice breeding and production barrier, mice experiment and
infectious BSL 2 mice experiment and quarantine. All Krc sites
have the single corridor design and are equipped with both IVC’s
and open cages, steam sterilisators and H2O2 decontaminations
chambers. The construction and maintenance problems of this
buildings make us very proud of the fact that all barrier facilities
at Krc campus are more than 8 years specific pathogen free
according to FELASA recommendations.
The design of animal facility at Vestec focuses on protection
of animal health due separation of clean and dirty corridors
inside and outside the barriers and due sandwich structure of
technical and animal floors. This brand-new building with two
underground and two upper levels houses animals primarily
on both 2nd underground and 2nd upper level and contains 5
individual, fully separated breeding and experimental barrier
areas, which can be linked together if necessary. Each barrier
includes modern devices like big volume steam sterilizers and
H2O2 chambers to sterilize all kinds of materials, air and wet
personal sluices and pass through boxes, modern and ecofriendly HVAC technology. All of this important devices helps
to keep the “clean” side of the barrier specific pathogen free
according to FELASA recommendations. The animals are
protected again at the cage level with Individually ventilated
cages and with state-of-the-art Digital ventilated cages (Fig. 1).
Digital ventilated cages significantly increase the animal welfare
level and animal facility efficiency, but they are also useful for
research as they increase the detection of strange behaviour
(sick or wounded animals), reduce animal stress and provide
continuous information about animal activity.

Figure 1. Digital Ventilated Cage Rack from Tecniplast
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All technical equipment including HVAC, centralized washing
area, water plant including waste disposal and bedding
dispensing vacuum system to increase the in-house biosecurity
are located in two levels in the middle of the building.
This building structure give us the possibility to do most
maintenance services including hepafilter exchange, control
of air flow and decontamination of animal holding rooms
anytime without entering the barriers. Moreover short distance
between the technology and animal holding room decrease the
risk of contamination of hepafiltered air during its transport
to barriers. The quarantine is technologically and personally
fully separated from other barriers and is equipped with own
cage washer, steam and H2O2 decontamination. The flow of
IVC’s and potentially contaminated material is restricted only
within the quarantine area. Exit for personnel is possible only
through wet shower with clothes exchange, for materials after
decontamination only. High standard of both Krc and Vestec
campus, responsible stuff, specific procedure and technology of
packaging and transporting animals, allow us to move animals
from one campus to another and between the barriers without
altering their health status.
As mentioned above, the building and equipment itself doesn’t
bring the quality of animal facility service. That’s why we focus
on education of our personnel too. We run an internal continuing
education programme for all facility employees, where they can
learn and improve their skills and share experience with other
colleagues (Fig. 2). As cooperation with private companies we
do organize seminars for broad spectrum of attendees, give
lectures at universities and give practical training to selected
students of local high-schools. We do believe that with high
level motivated and attracted personnel all tasks, SOP’s and
unexpected situations will be solved easily and with best
possible quality.

All buildings of CCP animal facility with total capacity more than
65000 animals are together creating comprehensive solution
for mice and rats breeding and experiment. Great advantage
of different building location and their dividing into individual
sections with high responsibility of our stuff give us the
flexibility for emergency solutions and ability to keep all animals
health protected. Conception, philosophy and animal facility
management is in accordance with highest world standards
for laboratory animals and is leading to get international
respected AAALAC accreditation (Association for assessment
and accreditation of laboratory animal care).

Figure 3. Laminar Flow technology changing station from
Tecniplast.  

Figure 2. Training session for AFM’s animal caretakers.
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Short history of PWD/Ph and PWK/Ph
mouse inbred strains
Prof. Jiri Forejt

What is special about these mice?
The PWD/Ph and PWK/Ph (abbreviated PWD and PWK) strains
have been the first inbred strains derived from wild mice of the
Mus musculus musculus subspecies. Most of the 470 laboratory
inbred strains1 originated from other mouse subspecies.
Is it important to know what subspecies an inbred strain
originated from?
For a geneticist, the intersubspecific variation in the genomic
sequence is an important source of phenotypic variations.
The frequency of single-nucleotide variations, SNVs, between
mouse subspecies is an order of magnitude higher than between
individuals within the same subspecies or, for comparison,
between human populations.

Barlow and coworkers identified the Igf2r gene as the first
mouse imprinted gene and showed that it is deleted in Thp
mice2. We found that embryos with maternal Thp were viable
if the male parent was PWD or PWK.   Because Igf2r was still
transcriptionally silenced in these embryos, we predicted
(wrongly) that a gene closely linked but different from Igf2r is
responsible for maternal Thp viability3.
- Mouse consomic strains: exploiting the genetic divergence
between Mus m. musculus and Mus m. domesticus subspecies

We started in 1972 with more than 15 pairs of male and female
wild mice from various localities near Prague. To achieve >98.7%
homozygosity of the genome, it was necessary to proceed
through 21 generations of brother x sister crosses. It took us
seven years to complete the breeding plan, but the yield was
only three strains, two of which, PWD/Ph and PWK/Ph, are still
breeding and potentially immortal.

To exploit the genomic divergence between PWD and
classical laboratory strains for dissection of quantitative,
polygenic phenotypes we prepared a panel of 27 chromosome
substitution (consomic) strains, where individual chromosomes  
of the C57BL/6J (M. m. domesticus) strain were substituted
by homologous chromosomes, or their parts, from PWD
(M. m. musculus) mice4. These strains continue to serve as a
universal tool in the studies of genetic control of a wide variety
of phenotypes, including behaviour, bone shape evolution,
variations in insulin secretion, virus resistance, and many
others5. The PWD strain and PWD-derived consomic strains
have been instrumental in our studies of genetic control of
hybrid male sterility and meiotic recombination rate (see more
below).  

What does PWD/Ph stand for?

- Participation in the Collaborative Cross Project

PWD stands for `Prague Wild-derived, series D. Ph used to be
an indicator of any mouse strain maintained for at least 20
generations in Prague.

PWK was one of the eight strains, out of over 400 extant mouse
strains, selected by the International Complex Trait Consortium
to build a series or recombinant inbred strains poised to
‘revolutionize our understanding of system-wide genetic
interactions enabling a new discipline called “Systems Genetics”’
6
. Originally, the goal was to construct 1000 CC strains to achieve
a single-gene resolution of genetic mapping. However, due to
an unexpectedly high incidence of epistatic incompatibilities
resulting in embryonic lethality or infertility, only 75 completed
strains are available at present, and the goal was reduced to 300
strains (http://compgen.unc.edu/wp/?page_id=99).

How were these mouse strains prepared?

Are these Prague Wild-derived mouse strains used outside
Prague?
Of course, they are used in many laboratories around the world.
We maintain them at the Institute of Molecular Genetics AS CR,
but we also deposited them in the largest reference repository
of the laboratory mice, The Jackson Laboratory (Bar Harbor,
Maine USA). We do not possess data on the distribution of our
mice from the Jackson Lab, but our laboratory shipped these
mice or consomic strains derived from them to many academic
institutions in the USA, Great Britain, France, Germany or China.
We also know that these mice or their descendants live in
laboratories in Israel and in Australia.
Which of your discoveries are related to these mouse strains:
Several achievements of my laboratory in the last 30 years
would not be possible without these mice. Some of them are
listed below:
- Genetic analysis of genomic imprinting of Insulin-like Growth
Factor 2 Receptor (Igf2r)
The Thp deletion acts as dominant embryonic lethal when
transmitted from the female but not male parent. Denise
PHENOGENOMICS NEWSLETTER

- Identification of Prdm9, the first hybrid sterility gene in
vertebrates
The beginning of this project predated and initiated construction
of the PWK and PWD inbred strains. Originally, we used wild
male mice from different localities in Czechoslovakia and from
Europe in crosses with C57BL/10SnPh or C3H/Di laboratory
females. Different wild males produced sterile or fertile male
progeny (females were always fertile) with C57BL/10SnPh,
but only fertile progeny with C3H/Di. The different fertility of
C57BL/10SnPh and C3H/Di hybrids was genetically mapped to
a single genetic locus, Hybrid sterility 1 (Hst1), at the linkage
group IX (Chromosome 17)7. High-resolution genetic mapping
and beginning of physical mapping of Hst1 had to wait for 20
years before the molecular cloning technology became available
for the mouse. Then, using positional cloning and overlapping
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BAC clones from the C3H mouse genome as transgenes, we
achieved fertility rescue of sterile hybrids and identified the
Hst1 locus with the PR domain-containing 9 (Prdm9) gene8.
The early stages of genetic studies of hybrid sterility have been
reviewed9-11. One year after the discovery of Prdm9 as the
hybrid sterility gene, three papers reported the role of Prdm9
in meiotic recombination by determining the genomic location
of recombination hotspots12-14. This was the first indication
that hybrid sterility could be linked to meiotic recombination.
Recombination in the form of crossovers and gene conversions
(noncrossovers) between homologous chromosomes increases
allelic combinations in a population, enables pairing and
synapsis of homologs at the first meiotic prophase and their
proper segregation into gametes. The major failure of meiosis In
(PWD x B6) sterile hybrids consists in incomplete meiotic pairing
and synapsis of homologs coming from different subspecies and
associated failure of proper transcriptional inactivation of sex
chromosomes. Next, the second major hybrid sterility factor,
Hstx2 was mapped on the X chromosome15-17. We speculated
that the primary cause of meiotic arrest in hybrids could be the
increased genomic divergence between both subspecies, which
could hamper recognition of homologous chromosomes and
result in consequent failure of their synapsis16. Simon Myers’
group adopted our model and analysed distribution of meiotic
recombination hotspots in (PWD x B6) males using chromatin
immunoprecipitation of DNA sequences associated with the
DMC1 single-strand recombination protein. They found strong

asymmetry of DNA double-strand break hotspots. The PRDM9
binding sites of PWD origin were preferentially found on C57BL/6
homologs and vice versa. The authors linked this asymmetry to
the failure of homologs to pair properly18. In a separate study,
Camerini-Otero’s group compared series of different hybrids
including our (PWDxC57BL/6)F1 sterile males and concluded
that the meiotic arrest and hybrid sterility is associated with the
occurrence of anomalous promoter-associated DMC1 hotspots
typical of PRDM9 null males19. Thus, further studies are needed
to clarify the molecular mechanism of Prdm9 action in homolog
chromosome pairing and hybrid sterility.
- Genetic control of genome-wide recombination rate
To further elucidate the relationship between hybrid sterility
and genetic recombination we analysed the effect of individual
PWD chromosomes on genome-wide recombination rate. We
used the C57BL/6-Chr #PWD panel of 27 consomic strains to
compare the frequency of crossovers, monitored as MLH1 foci
on synaptonemal complexes of pachytene spermatocytes and
oocytes, and compared them to parental PWD and C57BL/6
controls. Surprisingly, Prdm9 itself had no effect on the
crossover frequency, but the strongest locus affecting meiotic
recombination rate was identical with the second major hybrid
sterility locus, Hstx2. Thus both, Prdm9 and Hstx2 hybrid
sterility genes are associated, at different levels, with genetic
recombination20.

Table 1. Complete list of consomic strains and their availability.

Full Name

Abbreviated name

Available from
IMG AS CR JAX*

Comment 1

C57BL/6J-Chr 1PWD/Ph/ForeJ

B6.PWD-Chr 1

X

X

C57BL/6J-Chr 2PWD/Ph/ForeJ

B6.PWD-Chr 2

X

X

C57BL/6J-Chr 3PWD/Ph/ForeJ

B6.PWD-Chr 3

X

X

C57BL/6J-Chr 4PWD/Ph/ForeJ

B6.PWD-Chr 4

X

?

C57BL/6J-Chr 5PWD/Ph/ForeJ

B6.PWD-Chr 5

X

X

C57BL/6J-Chr 6PWD/Ph/ForeJ

B6.PWD-Chr 6

X

X

C57BL/6J-Chr 7PWD/Ph/ForeJ

B6.PWD-Chr 7

X

X

C57BL/6J-Chr 8PWD/Ph/ForeJ

B6.PWD-Chr 8

No

X

C57BL/6J-Chr 9PWD/Ph/ForeJ

B6.PWD-Chr 9

X

X

C57BL/6J-Chr 10.1PWD/Ph/ForeJ

B6.PWD-Chr 10.1

No

X

C57BL/6J-Chr 10.2PWD/Ph/ForeJ

B6.PWD-Chr 10.2

X

X

C57BL/6J-Chr 10.3PWD/Ph/ForeJ

B6.PWD-Chr 10.3

X

X

C57BL/6J-Chr 11.1PWD/Ph/ForeJ

B6.PWD-Chr 11.1

X

X

PWD sequence centromere-79.6 Mb

C57BL/6J-Chr 11.2PWD/Ph/ForeJ

B6.PWD-Chr 11.2

X

X

PWD sequence 44.0-96.6 Mb

C57BL/6J-Chr 1013PWD/Ph/ForeJ

B6.PWD-Chr 11.3

X

X

PWD sequence 79.8- telomere

C57BL/6J-Chr 12PWD/Ph/ForeJ

B6.PWD-Chr 12

X

X

C57BL/6J-Chr 13PWD/Ph/ForeJ

B6.PWD-Chr 13

X

X

C57BL/6J-Chr 14PWD/Ph/ForeJ

B6.PWD-Chr 14

X

X

C57BL/6J-Chr 15PWD/Ph/ForeJ

B6.PWD-Chr 15

X

X

C57BL/6J-Chr 16PWD/Ph/ForeJ

B6.PWD-Chr 16

X

X

C57BL/6J-Chr 17PWD/Ph/ForeJ

B6.PWD-Chr 17

X

X

* The photo of Professor Forejt was taken by Martin Kovář.
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Full Name

Abbreviated name

Available from
IMG AS CR JAX*

C57BL/6J-Chr 18PWD/Ph/ForeJ

B6.PWD-Chr 18

X

X

C57BL/6J-Chr 19PWD/Ph/ForeJ

B6.PWD-Chr 19

X

X

C57BL/6J-Chr 19.REK5PWD/Ph/ForeJ

B6.PWD-Chr 19.REK5

X

No

PWD sequence 50.1 Mb-telomere

C57BL/6J-Chr 19.REK8PWD/Ph/ForeJ

B6.PWD-Chr 19.REK8

X

No

PWD sequence 32,93 Mb-telomere

C57BL/6J-Chr X.1PWD/Ph/ForeJ

B6.PWD-Chr X.1

X

X

PWD sequence centromere-64.9 Mb

C57BL/6J-Chr X.1sPWD/Ph/ForeJ

B6.PWD-Chr X.1s

X

No

PWD sequence centromere-69.6 Mb

C57BL/6J-Chr X.2PWD/Ph/ForeJ

B6.PWD-Chr X.2

X

X

PWD sequence 38.5-129.4 Mb

C57BL/6J-Chr X.3PWD/Ph/ForeJ

B6.PWD-Chr X.3

X

X

PWD sequence 98.25 Mb-telomere

C57BL/6J-Chr YPWD/Ph/ForeJ

B6.PWD-Chr Y

X

X

C57BL/6J-mtPWD/Ph/ForeJ

B6.PWD-mit

X

X

- What are the ongoing projects involving PWD and PWK mice?
Several joint projects, all based on informal collaborations,
are in progress. With the laboratory of Linda Odenthal-Hesse,
Max Planck Institute, Ploen, Germany, and with Jaroslav Pialek,
Institute of Vertebrate Biology, Studenec, we identify new
Prdm9 alleles in wild mice from different populations around the
world and check their effect on the fertility of intersubspecific
hybrids. We participate in the project of Joseph Nadeau, Pacific
Northwest Research Institute Seattle, USA, aimed to determine
the mouse genes controlling the composition of microbiota,
using our C57BL/6-Chr#PWD consomic mice. Finally, we
collaborate with the biotech company Genentech, a member of
the Roche group, San Francisco, USA.

Comment 1

- Did you expect such a wide use of your strains 40 years ago,
when you started their preparation?
Do you know how we began 40 years ago? We were not
permitted (for good reasons) to bring wild mice to the rooms
of the animal facility, so we occupied a defunct lavatory in the
basement of the building, installed two stands for mouse cages,
and started breeding. I was told that we were doing a futile job
because wild mice cannot breed in captivity. Indeed, at that
time, no one could image that one day descendants of these
mice would live in many laboratories of the five continents.

Figure 1. A) PWD/Ph (agouti) mouse and B) C57BL/6J mouse (black)
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Czech Centre for Phenogenomics would like to congratulate

Professor Jiři Forejt
who was recently awarded
The National Prize of the Czech
Government “Česká hlava” (Czech Brains)
for his lifelong research in the field of mouse genetics

* official image from Česká Hlava awards
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Careers

CCP comprises a young, multidisciplinary and international team. We believe in the personal and
professional development of our staff and seek, where possible, to facilitate the attendance of relevant
conferences and courses. We offer a competitive salary and various working contracts. For a full list of our
available positions please visit our website www.phenogenomics.cz.

Pathologist (Rodent Pathology)
To advance and further improve services of our histopathology lab
we are seeking experienced pathologist who will be responsible
for analyses and descriptions of mouse and rat tissue samples,
especially:
•
•

•

•
•

to provide expertise in the pathology of
genetically-engineered mouse (GEM) and rat models
to provide full pathology analysis including complete
gross- and histopathological evaluation supplied
with image-based report, digital images, and
recommendations
to perform phenotype investigation and characterization
together with histology-lab managing scientist; this
includes necropsy, macroimaging, tissue sample
collection, supervision of histological processing,
histopathological evaluation, digital photomicrographs,
and consultations.
to follow and implement GLP rules and manage work of
lab technicians
to drive his/her own research projects and actively
participate within the other projects of the Centre.

Successful applicant should have DVM or MD (or equivalent
advanced degree in relevant field) and relevant research and/
or hands-on experience. Capability to work in English speaking
environment is a must, previous experience with SOPs for GLP is
an asset.

Research position (postdoc) in
ubiquitin ligases
A postdoctoral research scientist position is available immediately
in the Laboratory of Transgenic Models of Diseases at the Institute
of Molecular Genetics of the ASCR, v.v.i. located in BIOCEV (CCP
building) in Vestec near Prague, Czech Republic.
We are looking for a highly motivated individual with a strong
background and skillset in biochemistry and molecular biology. You
should have a Ph.D. in biology or biochemistry and have a good
proficiency in English. Experience in protein biochemistry is a plus.
Your work will focus on wet bench projects including in vitro, in
vivo, and mouse models with the goal of elucidating the molecular
mechanisms of ubiquitination mediated by RING-type E3 ubiquitin
ligases.

Laboratory Technicians:
Phenotyping Screens
The Czech Centre for Phenogenomics is seeking talented and
motivated technical assistants to work as part of our phenotyping
module for various screens (vision, hearing, behavior etc) to become
part of an international team dedicated to the highest standards of
pre-clinical and basic biological research.
You should possess preferably at least BSc in biological or medical
sciences (or related field) and have a good command of English
(spoken and written). Because the work includes daily interactions
with laboratory animals previous rodent handling experience or
valid certification for animal handling would be advantageous but
is not essential. You should be skilful, well organized and capable of
working as part of a team.
Successful candidates will work primarily in one unit, however,
there will be opportunities for cross training with other units within
the Phenotyping Module.

Junior Research Position:
Phenotyping Pipeline (Vision)
The current open position is for vision screen & research unit
focused on the standardized phenotyping of generated transgenic
lines with aim to reveal and annotate unknown functions of genes
from systematic production of KO lines within International Mouse
Phenotyping Consortium. The workflow of the unit consists of
standardized measurement focused on eye morphology and
function. The junior researcher will also have the opportunity
to carry out his/her own research project on eye physiology,
morphology, or development areas. The attendance of relevant
scientific meetings and conferences is also encouraged.
The ideal candidate is a recent PhD graduate in the relevant field
with strong planning, organizational and problem solving skills and
with structured approach to data collection and analysis.

To view all available positions, visit our website
www.phenogenomics.cz

All positions are available immediately for an initial fixed-term contract (1 year), with possible longer-term extension upon demonstrated
proficiency. For more information or to apply for any of these positions, contact Mr Libor Danek (libor.danek@img.cas.cz).  All applications
should be made in English, include a letter of interest and a structured CV.
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Upcoming Events

2nd Programmable Nucleases (CRISPR Cas9)
Transgenesis Course

Advances in transgenic animal models and
techniques

3rd - 7th April 2017 | Vestec, Czech Republic

11th - 12th May 2017 | Nantes, France

www.phenogenomics.cz

http://www.trm.univ-nantes.fr/

CITIM 2017 – CANCER IMMUNOTHERAPY &
IMMUNOMONITORING International Congress in
Prague

9TH Workshop on Innovative Mouse Models

24.4.2017 - 27.4.2017 |

http://research.nki.nl/immworkshop/

June 15 - 16, 2017| Leiden, The Netherlands

http://www.canceritim.org/index.html

Metabolic disorders and liver cancer

Mouse genome engineering

23–26 April 2017 | ES–Palma de Mallorca  

10th – 20th July 2017 | Dresden, Germany

EMBO Workshop

http://meetings.embo.org/event/17-mouse-genome

http://meetings.embo.org/events/17-brown-fat

Journal Club
Paula J P de Vree et al, Targeted sequencing by proximity ligation for comprehensive variant detection and local haplotyping.     
Nature Biotechnology, 32, 1019–1025 (2014)
Knut J Egelie et al, The emerging patent landscape of CRISPR-Cas gene editing technology. Nat Biotechnol. 34 (10):1025-1031
(2016)
Hikabe O, et al, Reconstitution in vitro of the entire cycle of the mouse female germ line. Nature. 539 (7628) 299-303 (2016)
[Epub ahead of print]
Wilhelm et al. FOXO1 couples metabolic activity and growth state in the vascular endothelium. Nature 529, 216-220 (2016).
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DELIVERING...

...YOUR RESEARCH MODEL

Czech Centre for Phenogenomics

