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NEWS AND VIEWS

which are intercrossed to create F2 generation
homozygotes. The heterozygotes or homozy-
gotes are then characterized to assess gene func-
tion. These additional breeding steps are costly
and time consuming, requiring approximately
three months per generation.

As an alternative, the tetraploid embryo
complementation procedure has been used
to generate FO mice that are derived almost
entirely from injected ES cells. Although this
procedure is effective, it has a number of dis-
advantages. Most notably, only F1 hybrid ES
cells have been used successfully for the gen-
eration of adult FO mice, as animals derived
from inbred ES cell lines die at birth. In addi-
tion, mice produced by this technique can
retain some tetraploid cells in adult tissues and
may exhibit other abnormalities that can com-
plicate phenotypic analyses. These problems
have prevented widespread use of tetraploid
embryo complementation in the mouse genet-
ics community.

Poueymirou et al. now describe an alterna-
tive procedure that yields adult mice entirely
derived from the injected ES cells. In this
method, ES cells are microinjected not into
the blastocyst but into the eight-cell embryo
(Fig. 1). Microinjection of ES cells into eight-
cell embryos was done previously® but has
not been widely used. Whereas this previous
study used a fine glass needle to cut a slit in
the zona pellucida, the proteinaceous coat that
ensheaths the preimplantation mouse embryo,
Poueymirou et al. make a hole in the zona pel-
lucida with a laser and then inject ES cells into
the perivitelline space (Fig. 1b).

Using inbred ES cells derived from the 129/
Sv, BALB/c and C57BL/6 backgrounds, the
authors reported the remarkable result that
many FO mice arising from the manipulated
embryos had a uniform pattern of coat pig-
mentation derived solely from the injected
ES cells. Sensitive assays on several tissues of
these mice indicated that all tissues tested were
derived entirely from the injected ES cells. Host
cell contamination, if it existed at all, was less
than 0.1%. Most notably, FO animals generated
by laser-assisted microinjection into eight-cell
embryos of ES cells with targeted mutations in
the Igf1, I12rg, and DIl4 genes exhibited pheno-
types that were identical to those observed in
mutant animals generated by standard breed-
ing procedures.
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What all this means is that the mouse genet-
ics community now has at its disposal a new
approach that enables efficient, cost-effective
generation of mice that can be bred and phe-
notyped directly. The greatest potential for this
new technology will likely be in high-through-
put efforts to phenotype mutations generated
in large-scale ES cell mutagenesis screens.
If the ES cell mutation exhibits a dominant
phenotype, FO animals heterozygous for the
mutation can be analyzed directly. The iden-
tification of recessive traits will require pro-
duction of homozygotes. This can be done in
two ways using the eight-cell microinjection
procedure.

The first approach involves direct genera-
tion of homozygous animals by microinject-
ing homozygous mutant ES cells into host
embryos (Fig. 1b). Homozygous ES cell lines
can be generated from heterozygous cells
using a variety of approaches, including drug
selection for spontaneous loss of heterozy-
gosity of the targeting-construct selectable
markers® and Cre recombinase-mediated
excision of selectable markers followed by
retargeting’.

The second approach for producing homo-
zygotes involves crossing heterozygous male
and female FO animals. This breeding step is
possible because both male and female mice
can be generated with the eight-cell micro-
injection procedure. Virtually all commonly
used mouse ES cell lines are male lines and
give rise to male chimeras. ES cells lose the Y
chromosome at a frequency of 1-3% upon
subcloning?. Poueymirou et al. demonstrated
that microinjection of these XO subclones into
eight-cell embryos will generate fertile female
FO mice. Although the latter approach still
requires breeding of the resulting heterozy-
gous FO mice, homozygotes can be generated
in one fewer generation than by conventional
breeding approaches (Fig. 1c).

In the end, generation of homozygous mice
by microinjection of eight-cell embryos rather
than blastocysts saves not only a lot of money
and effort, but also substantially reduces the
time required to phenotype a new mutation.
The time savings ranges from three months
when male and female FO heterozygotes are
intercrossed, to six months when FO mice are
produced from ES cells homozygous for a spe-
cific mutation (Fig. 1).
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The new laser-assisted eight-cell microin-
jection procedure will be useful not only for
carrying out phenotypic analysis more quickly
but also for enhancing the analysis of muta-
tions that cause dominant developmental
lethalities and fertility defects. In addition,
Poueymirou ef al. show that FO germline mice
can be efficiently produced using various com-
binations of inbred ES cell lines with inbred or
outbred host embryos. This will likely increase
the ease of obtaining germline transmission
from ES cells derived from a wide range of
inbred mouse strains®® and may help facili-
tate increasingly complex genetic experiments
involving the manipulation of different inbred
strains of ES cells.

One application of being able to use ES
cells of different genetic backgrounds may
be in studying the influence of genetic back-
ground on the phenotype of single gene
mutations or transgenics. Determination of
the phenotype on a different genetic back-
ground takes years to achieve, as it currently
involves 20 generations of backcrosses. The
eight-cell microinjection procedure provides
a much faster approach for changing genetic
background. In this case, a targeted mutation
or transgenic mutation would be generated in
an ES cell of a different genetic background,
and then heterozygous or homozygous ani-
mals would be generated using the eight-cell
microinjection procedure. All the time, effort
and expense involved in backcrossing the
mutation into a different genetic background
would be eliminated.

Thus, we expect that Poueymirou et al.’s
laser surgery approach will go a long way in
meeting the growing need for cost-effective
approaches to breeding, phenotyping and
maintaining mice.
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GENE TRANSFER

Making mice at high speed

Laser-assisted injection of embryonic stem
cells (ESC) into 8-cell stage embryos yields
mice that are fully ESC-derived.

In a recent cost-benefit analysis, the US
National Institutes of Health (NIH) calculat-
ed that it takes a typical laboratory about one
year to generate a transgenic mouse at a cost
of one to two hundred thousand dollars.

These cost and time scales were pro-
hibitive to a large-scale project the NIH
announced in 2003: Knockout Mouse
Project (KOMP), whose participants aimed
to create ESCs with null mutations in every
gene of the mouse genome and then gen-
erate a mutant mouse library from these
ESCs. Two main technical hurdles stood
between KOMP and its completion: the
abilities to rapidly introduce deletions into
ESCs on a genome-wide scale and to cre-
ate alarge number of transgenic mice from
these ESCs in a reasonable time frame and
for a reasonable cost.

Scientists at the biotechnology company
Regeneron under the direction of David
Valenzuela and George Yancopoulos decid-
ed to tackle both of these challenges. In 2003
they developed a technology to target genes
in ESCs using homologous recombination
to disrupt the endogenous gene with a bac-

HUMAN MICE

Conventional blastocyst injections

na pellucida

Zo
Trophectoderm /

ESCs

Epiblast
Blastocoel

2

Conventional chimeras

(inner cell mass)

8-cell embryo
laser-assisted injections

Blastomeres

Zona pelluuda
Laser

Perlvnelllne

space l

Fully ESC-derived mice

Figure 1 | Comparison of two techniques to generate transgenic mice. (Image adapted from Nature

Biotechnology.)

terial artificial chromosome (Valenzuela et
al., 2003). This allowed the researchers to
rapidly modify ESCs but also left them with
a dilemma. Yancopoulos describes it viv-
idly, “We were deluged with ESCs that we
could not make into mice with the original
technologies.” In a recent article in Nature
Biotechnology, Valenzuela and Yancopoulos
reported how they solved this problem with

anew technique for rapidly generating trans-
genic mice from ESCs (Poueymirou et al.,
2007).

The scientists injected the ESCs into an
early mouse embryo at the 8-cell stage, rath-
er than into the blastocyst, a more mature
embryo consisting of approximately 64 cells,
which yields chimeric mice derived from both
the ESC and host embryo. Their essential

By using recombinase-mediated exchange scientists have
found a way to replace large regions in the mouse genome with
their human counterpart.

If on hearing “humanized mouse” you think Stewart Little, your
imagination has taken you a bit too far. Imagine instead a mouse
with a human gene.

The goal of humanizing a mouse is to model human disease
progression in the animal. This is done by replacing some of its
genetic material with the human counterpart; the difficulty is to
insert the human gene with all its reqgulatory elements in the right
spot. Andrew Smith from Edinburgh University has now developed
a strategy that allows the replacement of large genomic regions, as
recently described in an article in Cell.

The Smith team focused on the o globin locus; a mutation in
the regulatory region of this locus causes thalassemia in humans,

a fatal disease if both copies of the o globin gene are affected. The
corresponding regulatory sequence in mice has been identified;

however, even in a homozygous animal the equivalent mutation only

has a mild phenotype. Smith explains, “You can't actually model
the human disease in a mouse, because there is something different
about the regulation and that prompted us to do what we did.”
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Their genomic replacement strategy is based on the
recombination between matching DNA sequences, lox sites (locus
for crossing over), mediated by the enzyme Cre recombinase. To
obtain a mouse that expresses human o globin, the researchers
first inserted heterospecific, that is, noninteracting, lox sites at
either end of the o globin gene in a mouse embryonic stem cell
(ESC); this ensured that no recombination could take place that
simply deleted the gene. They then placed the same lox sites in a
bacterial artificial chromosome (BAC) on either side of the 120-kb
human o globin region, and electroporated the BAC together with
a plasmid encoding Cre recombinase into the ESCs. Cre-mediated
recombination took place between the matching lox sites at the
proximal and the distal end of the genomic region, thus cleanly
exchanging the human o globin locus for that of the mouse.

Smith explains the advantage of this approach, “A large defined
region of the BAC insert is precisely integrated as a single copy at
a particular position in the genome;...within the BAC clone you
can make a number of different mutations or you can, for example,
delete transcription factor binding sites within a regulatory element
and you can then reintegrate these back into the endogenous locus
in a single step.”
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ingredient for success was a laser that they used to punch a hole into
the zona pellucida, a membrane coat surrounding the embryo, before
injecting the ESCs (Fig. 1). To their surprise and delight, they found
that embryos injected with ESCs after laser puncture developed into
mice that were wholly ESC-derived with virtually no contamination
from the host embryo.

This combination of using 8-cell stage embryos and laser-assisted
injection proved to have several other advantages over blastocyst injec-
tion. Eight-cell stage embryos are more uniform and robust than blas-
tocysts, hence scientists need to kill fewer mice during the collection
of the embryos. They found that 7-9 ESCs are sufficient for injection
into the early embryo, fewer than required for a blastocyst, and ESCs
from inbred strains, which often yield very poor results in blastocysts,
can be used in early embryos. Perhaps most importantly, as the trans-
genic mouse is fully ESC-derived, it can be directly phenotyped, and
no lengthy breeding is needed.

When asked about the technical challenges of this laser-assisted
injection protocol, Valenzuela is confident that anybody who is profi-
cient in microinjection will be able to use it. And he added that the cost
of the laser will be amortized by the savings in time and reagents.

Although this injection technique will benefit individual laborato-
ries, its main application is clearly in large-scale efforts such as KOMP,
which need multilab collaborations and are impossible for a single
lab to undertake. The good news for individual academic institutions
is that they will not have to duplicate the effort; all mice created for
KOMP will be freely available to them.

Nicole Rusk
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Although this exchange method is a powerful tool for the
precise replacement of genetic regions of up to 300 kb, the
present size limit of a BAC, technical innovations are needed to
exchange much larger regions or multiple genes.

An example of a project that required the exchange of
larger genomic regions was undertaken by scientists at the
biotechnology company Regeneron. Their goal was to create a
mouse with a humanized immune system, but instead of using
recombination at carefully positioned lox sites, they engineered
BACs in which human genes are flanked by mouse DNA. These
mouse DNA arms insert the BAC at the correct genomic position
through homologous recombination. With this approach the
scientists succeeded in precisely exchanging 6 Mb of mouse DNA
with the human counterpart, according to George Yancopoulos,
chief scientific officer at Regeneron.

Different methods of making humanized mice will give
researchers a choice when it comes to making their own version of
Stewart Little’s distant cousin.

Nicole Rusk
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High-throughput cell image analysis software

The long-anticipated high-throughput quantitative cell imaging
software, CellProfiler, is now freely available for researchers to
download and use (http://www.cellprofiler.org/). Created by
Carpenter et al., this flexible open-source platform will allow
biologists to automate imaging of thousands of samples per

day, facilitating chemical and functional genomics screening
applications. CellProfiler measures parameters such as number, size,
morphology, organelle size and shape, and protein localization.
Carpenter, A.E. et al. Genome Biol. 7, R100 (2006).

(GENOMICS]

A new fish cell line for finding conserved DNA sequences
Performing DNA sequence comparisons between distantly related
species is one way of identifying highly conserved and potentially
functionally important genetic elements. By establishing a new
cell line from cartilaginous fish, Forest et al. were able to identify
elements in the 3" UTRs of several genes that have been highly
conserved throughout evolution and that appear to function in
the regulation of cell growth and proliferation.

Forest, D. et al. Proc. Natl. Acad. Sci. USA 104, 1224-1229 (2007).

MICROFLUIDICS

A microfluidic device for protein counting

Huang et al. describe an all-in-one microfluidic device designed to
capture and lyse single cells, separate the contents, and quantify
target proteins labeled with a fluorescent antibody. Labeled proteins
are counted by monitoring the fluorescent bursts with a charge-
coupled device (CCD) camera as they pass through a detection
curtain. The authors used the device to quantify low-copy-number
proteins from cyanobacteria grown under different conditions.
Huang, B. et al. Science 315, 81-84 (2007).

CELL BIOLOGY

Deforming cells with thermosensitive gels

Using a gel made from a polymer that shrinks and swells in
response to temperature, Pelah et al. created a new device for
causing shape deformations in red blood cells embedded in the
gel. This method may have advantages over other manipulation
tools, such as optical tweezers or micropipettes, in that a whole
population of cells can be simultaneously manipulated, for
example, to study the effects of force application.

Pelah, A. et al. J. Am. Chem. Soc. 129, 468-469 (2007).

PROTEIN BIOCHEMISTRY

An amyloidogenic prediction tool

No one knows exactly what causes seemingly normal proteins

to form amyloid fibrils leading to devastating diseases such as
Alzheimer and mad cow, but researchers have several tools to help
predict a protein’s propensity for amyloid formation. Galzitskaya et
al. determined a new parameter for prediction, the mean packing
density, and demonstrate that protein sequences with strong
expected packing density are more prone to form amyloid fibrils.
Galzitskaya, 0.V. et al. PLoS Comput. Biol. 2, 1639-1648 (2006).
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SOMATIC CELL NUCLEAR TRANSFER IN ZEBRAFISH

Siripattarapravat, Kannika ', Venta, Patrick J.%, Cibelli, Jose B.?

'Comparative Medicine and Integrative Biology -College of Veterinary Medicine,
Michigan State University, East Lansing, M1, USA, *Departments of Microbiology and
Small Animal Clinical Sciences, Michigan State University, East Lansing, MI, USA,
Department of Animal Science and Physiology, Michigan State University, East
Lansing, MI, USA

The first and only report of successful cloned zebrafish was published in 2002. Since
then, there have been no other reports on the use of somatic cell nuclear transfer (SCNT)
in this species. This is due to, in part, a lack of characterization of the technical and
biological parameters necessary for a successful implementation of the procedure.

Here, we report a reliable and reproducible protocol for zebrafish SCNT that addresses
concerns of egg's enucleation and parthenogenetic activation. For the confirmation of the
origin of the cloned animals, we used phenotypic traits, as well as DNA fingerprint
markers.A homozygous mutant golden strain (albino) [Zebrafish Intemational Resource
Center, ZIRC] was used as donor nuclei source and eggs from a transgenic H2Az-GFP
strain with AB background [ZIRC] were used as recipients for the entire study to
facilitate phenotypic screening of cloned fish. Our approach employed non-activated
recipient eggs, laser targeting ablation of the metaphase plate of the egg, and micropylar
nuclear transferring. Recipient eggs were collected and held in vitro in Chinook salmon
ovarian fluid until micromanipulation was completed. While keeping the chorion intact,
the fluorescence DNA stained metaphase plate of the egg was ablated using a laser

XY Clone module [Hamilton Thorne Biosciences, Inc.]. The donor nucleus was then
transferred through a micropyle, the natural sperm entry site in the chorion.
Reconstructed embryos were activated in egg water and allowed to develop in embryo
water. We tested donor cells derived from either cultured adult fin cells or fresh isolated
cells from tail part of an embryo at 15-20 somites (18-20 hours post fertilization). The
developmental rate of cloned embryos from cleavage to complete gastrula stage was
comparable in both donor cell sources. Two to six percent of cloned hatch fry (3 day old)
were obtained from donor cells derived from adult fin and embryonic tail clip,
respectively. Two percent of reconstructed embryos from embryo-derived cells
developed to adult fish (3 months), but none of the cloned fish derived from donor nuclei
of adult fin cells did so. Of eleven single nucleotide polymorphism markers tested, we
found a complete matched genetic identity between the donor cells and the cloned fish,
no match with the recipient egg donor was observed. All of the cloned fish were golden
phenotype. Cloned fish that reached their reproductive maturity were fertile and produced
golden offspring. Ongoing research is focused on determining the most suitable type of
donor nucleus for SCNT taking into consideration its epigenetic state prior to the
procedure. Subsequent studies with cell lines that have undergone homologous
recombination are warranted.





