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Abstract
technology. For evaluating the efficiency of Cre/lox mediated DNA recombination in embryos and somatic cells, a working model was

The incorporation of site-specific recombination systems can help to overcome bottlenecks in livestock transgenic

established using rat mammary carcinoma cell line SHZ-88, aimed at creation of and use repeatedly of selected “friendly loci” in
transgenic livestock. An integration vector pTE-lox2272-DsRed-loxP-GFP-loxP, which red fluorescence gene DsRed served as the first
target gene and green fluorescence gene GFP as marker gene, was constructed for introduction of acceptor loci in genome. At the same
time a replacement vector pT-lox2272-neo-loxP in which Neo coding sequence served as the second target gene was also constructed
for replacing DsRed gene. Transgenic cell clones were produced by electroporating SHZ-88 cell with the integration vector. Cells from
three transgenic clones selected randomly were further amplified and were then co-electroporated with the replacement vector as well
as cre gene. Analysis of the expression patterns of DsRed and GFP indicated that among the 1 070 cell colonies the efficiency on
marker GFP deletion was 91.1% and the efficiency on gene replacement was 29.3%. Molecular analysis by PCR and Southern blotting
confirmed that the color patterns as expressed by cell colonies could represent the actual molecular events. This working model

mediated by Cre/lox system should be useful for the improvement of the present animal transgenic technology.
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Animal transgenic technology holds considerable
promise for livestock industries as well as has
important uses for biomedicine industries!?. However,
a quarter of a century has passed since the first
successes in the production of “supper mouse” and
of mice expressing a human gene in their mammary
tissue® 4, the applications of transgenic animal
technology have not yet had the impact on industry as
predicted by many people at that time. The main
obstacles to prevent the progress of this important
technology have been the low efficiency in production
of transgenic livestock and of the insertion of foreign
genes at a random fashion in genome. To circumvent
the difficulties in mass production of transgenic
livestock, methods of high efficiency and low cost
were tried by many investigators® . However, all
these methods have their inherent limitations and have
not yet been ready for use in commercial livestock
production.

Almost at the beginning, some authority authors
had foreseen the problems in the application of
transgenic technology to livestock and had envisaged
that one possible way to produce transgenic livestock
efficiently might be to screen and use repeatedly so
called “friendly gene loci” % However, mainly for
quick returns nobody had ever tried seriously this
strategy. More recently, several investigators have
re-emphasized on the importance of creating genomic
acceptor sites for foreign genes by insertion of pairs of
hetero-specific [ox sites to appropriate gene loci ',
Cre/lox site-specific recombination system is a high
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efficient tool for gene insertion/excision . With the

mediation of Cre recombinase any intervening
sequence between two Jox sites in the same orientation
can be excised . In recent years, several hetero-
specific [ox sites have been identified and tested ™ ',
such as lox511, lox5171 and [0x2272. By flanking a
pairs of hetero-specific lox sites to a foreign gene, it
can be replaced by another gene flanked by the same
pairs of [ox sites after its insertion into the mammalian
genome, namely “Recombinase Mediated Cassette
Exchange” (RMCE) [, This

successfully used to modify precisely mice stem

system has been

cell " and several types of somatic cells .

With the advent in site-specific recombination it
is now quite possible that by combining use of the
available technologies, for
fertilization, somatic cloning with Cre/lox system,

example, in witro

“friendly loci” or foreign gene acceptor sites could be
identified and used repeatedly in commercial practice.
Aimed at finding “friendly loci” to be used in animal
mammary bioreactor, we have designed and
constructed a set of vectors which contain two
expression cassettes: one for selection of positive
transgenic embryos and the other for exchange target
gene by RMCE after the first target gene has expressed
efficiently at a “friendly locus”. In this paper we report
an examination of its function in deletion of marker
gene and in exchange of target genes using a simulated
method.

1 Materials and methods

1.1 Construction of integration vector

The integration vector pTE-/ox2272-DsRed-loxP-
GFP-[oxP, containing both of the red and green
fluorescence protein coding sequences, flanked by a
pairs of [0x2272/loxP and a pairs of [oxP/loxP
respectively, was constructed by removing required
elements from intermediate vectors of pT-/loxP-GFP-
loxP (kept in the authors’ laboratory), pDsRedl-1
(Clontech, USA) and pEGFP-NI (Clontech) and then
cloned into vector pTE-lox2272-BIB (kept in the
authors’ laboratory) in sequential.
1.2 Construction of replacement vector

The replacement vector pT-lox2272-neo-loxP was
constructed in two steps: firstly to create the
intermediate  plasmid  pTE-lox2272-neo-loxP by
recombining of the plasmid pTE-lox2272-BIB-loxP-
GFP-[oxP (constructed in this experiment) with
plasmid p-TN containing Neo coding sequence (kept

in the authors’ laboratory), secondly restriction sites
Ecod7M and Miu I were deleted by PCR
amplification and re-cloning into plasmid pMDI18-T
(Takara, China).

1.3 Cell culture and electroporation

SHZ-88 cells (Cell Bank, The Chinese Academy
of Sciences, Shanghai ) were cultured at 37°C in 5%
CO, in RPMI1640 (Gibco, USA) medium plus 10%
FCS(Hyclone, USA), 100 U/ml penicillin (Gibco) and
100 mg/L streptomycin(Gibco).

For producing of cell colonies carrying
integration vector, SHZ-88 cells (1x107/0.8 ml in PBS)
were electroporated at 200 V and 960 F with 50 pg
of ApaLl-digested pTE-lox2272-DsRed-loxP-GFP-
loxP. At 48 h after culture, the cell colonies showing
both red and green color under a fluorescence
microscope (Nikon, Japan) were picked and expanded
for the subsequent experiments.

For assay of the efficiencies of Cre mediated
DNA sequence deletion and replacement, the above
picked cell colonies , which always showed both red
and green color even after 5 ~6 passages, were
co-electroporated at 200 V and 960 pF with 20 pg of
the replacement vector pT-lox2272-neo-loxP and
10 wg of Cre expression vector pBS185 (Gibco) in
their circular forms. At 36 h after electroporation, the
cells were selected with 400 g/ G418 (Gibco) for 7
days, and then observed and scored under the
fluorescence microscope. Through comparing the
proportions of different colored cell clones, the
efficiencies of Cre mediated DNA sequence deletion
and replacement were calculated.

1.4 Assay by PCR and Southern blots

Primer G1 (Forward 5" TAGCGCTACTAGTCT-
CGG 3') and G2 (Reverse5S’ CTCTCCCATATGGTC-
GAC 3’) were used in PCR reactions for assay of the
insertion of the integration vector in the genomes of
the green and red transgenic clones, for assay of the
red clones resulted from marker deletion and for assay
of the colorless clones resulted from gene replacement
plus deletion. The conditions of reaction with primer
G1 and G2 were: 94°C 40's, 58°C 30's, 72°C 4 min, 30
cycles. Primer P1(Forward 5" GAGTGATGAGGTTC-
GCAAGA 3’) and P2 (Reverse 5" TAGCGCCGTAA-
ATCAATCGA 3') were used in PCR assay for the
integration of Cre coding sequence in the genomes of
the red clones resulted from marker deletion and the
colorless clones resulted from gene replacement plus
deletion. The conditions of reaction with primer P1
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and P2 were: 94°C 40 s, 60°C 30 s, 72°C 1 min,
30 cycles.

For Southern blots, Primer R1 (Forward 5’ TGC-
GCTCCTCCAAGAACGTC 3’) and R2 (Reverse 5’
AGCTTCAGGGCCTTGTGGAT 3’ ) were used for
synthesis of probes specific to pTE-lox2272-DsRed-
loxP-GFP-JoxP and conditions of reaction were: 94°C
40 s, 56°C 30 s, 72°C 40 s, 30 cycles; Primer N1
(Forward 5" GGATCGGCCATTGAACAAGA 3’) and
N2 (Reverse 5" CAGAAGAACTCGTCAAGAAG 3')
were also used for the synthesis of probe specific to
pT-lox2272-neo-loxP and conditions of reaction were:
94°C 40 s, 54°C 30 s, 72°C 40 s, 30 cycles. Six
micrograms of genomic DNA was digested with
appropriate restriction enzymes, electrophoresed on a
0.9% agarose gel (Sigma, USA) and blotted onto a
nylon membrane (Amersham, UK). Southern blots
were performed using a DIG DNA Labeling and
(RNA blot) Detection Kit [ (Roche, Ger).

1.5 Data analysis

Student” ¢-test was used to analyze data and P <

0.05 was considered significant statistically.

2 Results

2.1 Experiment design

For the easiness of observation of marker gene
deletion and target gene replacement, vector
pTE-lox2272-DsRed-loxP-GFP-loxP was constructed
and used as a working model to create imitated
“ friendly loci” in the genome of cells, instead of
using the more complex original mammary tissue
specific expression vector without a visualized
phenotype. At the same time vector pT-lox2272-
neo-loxP was also constructed for use in RMCE to
replace the red fluorescence gene DsRed with neo
gene. To introduce Cre recombinase into cells, a
commercial expression vector PBS185 was used in the
electroporation experiments together with plasmid
pT-lox2272-neo-loxP. In theory, the outcomes of these
experiments should be as follows: upon the integration
of pTE-lox2272-DsRed-loxP-GFP-loxP transgenic cells
showing both of red and green color would be
produced along with colorless none-transgenic cells.
The transgenic single cells could then be amplified in
culture to single clones. However, upon the
introduction of pT-lox2272-neo-loxP and pBS18S,
under the mediation of Cre enzyme, the green

fluorescence gene GFP should be deleted by the
recombination of the two wild type loxP sites leaving
one wild type [oxP site in the location. At the same
time, the red fluorescence gene sequence flanked by a
lox2272 site and a wild type [oxP site should be
replaced by neo gene flanked by the same combination
of hetero-specific lox sites in the replacement vector.
Since marker gene GFP was flanked by a pair of wild
type loxP sites in the process of gene replacement, the
extreme 3 end JoxP site could well be used to react
with the [oxP site in the replacement vector instead of
the upstream [oxP site. As a result, GFP sequence
would be replaced together with DsRed sequence.
These predicted results are illustrated schematically in
Figure 1.
2.2 Production of transgenic cells

For assay of the efficiencies of Cre mediated
DNA sequence deletion and replacement, acceptor
sites were created by electroporating SHZ-88 cells
with linear pTE-lox2272-DsRed-loxP-GFP-loxP DNA.
As showed in Figurel, this construct contains two
fluorescence genes: a red fluorescence protein gene
flanked by a lox2272 site and a wild type loxP site, and
a green fluorescence gene flanked by two wild type
loxP sites. Theoretically, transgenic cell clones should
show both of red and green fluorescence color under
the fluorescence microscope while none-transgenic
cells should be colorless. In our experiment about 50%
cells showed both red and green fluorescence color
under the fluorescence microscope after electroporation
and culture for recovery. This could largely attribute to
the transient expression of DsRed and GFP genes
because both of them preceded by the strong CMV
promoter. However, following growth in culture most
cells lost fluorescence color but a few fluorescent cell
clones formed. When these cell clones were examined
under the fluorescence microscope, all cells in a single
clone maintained uniformly their newly acquired
properties i.e. showing both of red and green
fluorescent color. These clones represented the original
transgenic single cells that had the inputting DNA
construct copy or copies integrated into their genomes.
These clones were then used for the experiments of
marker gene deletion and target gene replacement. One
of the cell clones is shown in Figure 2. These results
confirmed that the predicted acceptor loci had been
created in groups of cells.
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Fig. 1 Schematic representation of marker gene deletion and target gene replacement as explained in text

Fig. 2 A transgenic cell clone under the fluorescence microscope (10x10)

The same cell clone is observed under a fluorescence microscope at bright field (a), fluorescence fields with the

wavelength of 488 nm for GFP detection (b) and of 558 nm for DsRed detection(c).
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2.3 Marker gene deletion and target gene
replacement in cells

As described in the previous
experiment design, red fluorescent protein gene was
used as imitated target gene that could be replaced by
another target gene (in this experiment is neo gene)

section of

while green fluorescent protein gene was designed to
serve as marker that should be deleted after selection
of transgenic embryos (in the present experiment is
transgenic cells). For examining the efficiencies of
Cre/lox system in these two roles, three transgenic
single clones, which produced both of red and green
fluorescence color, were empirically picked up and
designated as clone Al, clone A2 and clone A3. The
above three clones were amplified by culture to
enough cell numbers, three cell samples were taken
from each of the three clones and then all samples
were co-electroporated by the replacement vector
pT-lox2272-neo-loxP and Cre
pBS185.  All

expression vector

together nine co-electroporation

Bright field

GFP detetion

experiments were carried out and for each of the three
clones three repeats were set up on independent days.
Electroporated cells grew very well under the selection
of G418 and a lot of cells clones were observed.
Observing under the fluorescence microscope, three
types of cell clones were found: colorless clones
(Typel), red clones (Type2), double colored clones
(Type3). The representative images for three types of
cell clones were shown in Figure 3. These results
signified that two types of Cre mediated reactions had
occurred accurately, leading to marker gene deleted
and target gene replaced in part of the cells. This is in
good agreement with predicted results in experiment
designs, according to which two wild type loxP sites
would recombine by themselves and delete the
intervening GFP whereas the neo gene flanked by a
10x2272 site and a wild type loxP site would replace
the intervening sequence between the [ox2272 site and
one of the /oxP sites.

DsRed detetion

Fig. 3 The representative cell clones observed under the fluorescence microscope(10x20)after co-electroporation
Typel: A clone showing colorless resulted from GFP gene deletion and DsRed gene replacement; Type2: A clone showing red color resulted from green

GFP deletion; Type3: A clone showing both of red and green colors came from none Cre mediated reaction.

The efficiencies of the two types of Cre/lox
mediated reactions were estimated by comparing the
proportions of different colored cell clones. The

efficiency of marker gene deletion was calculated as
the percentage of colorless clones (Typel) plus red
color clones (Type2) in total clones while the
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efficiency of target gene replacement was calculated as
the percentage of colorless clones (Typel) in the total.
These results are presented in the following Table 1.
Data analysis showed that among the total observed
1 070 cell clones, colorless clones accounted for
29.3% indicating about one third DsRed gene were
replaced by neo gene. However, red color clones plus
colorless clones were the majority, accounting for
91.1% of the total clones signifying that deletion of the
GFP gene was more efficient than that of gene
replacement. Of course these could be attributed to an
added effects of two site specific recombination
reactions: one between the two wild type JoxP sites and
the other happened in the process of gene replacement

mediated by two [0x2272 sites in genome and in
replacement vector respectively as well as by the loxP
site in the replacement vector and the far 3’ end wild
type loxP site of the integration vector in genome.
However, there were still about 10% clones remaining
signifying  Cre/lox
reaction was not performed. The above efficiencies

red & green colors mediated
were compared among the clones originated from
clone Al, clone A2 and clone A3 because each group
of clones resulted from a single cell having a unique
integration site. However, the differences of efficiency
in Cre/lox mediated reaction were not significant
statistically though the absolute figure appeared

different.

Table 1 Efficiencies of Cre/lox mediated sequence deletion and replacement”

Cell clone Batch of electroporation Type 1 Type 2
Al Ist 34 73
2nd 41 82
3th 35 77
A2 Ist 23 59
2nd 30 71
3th 21 65
A3 Ist 41 77
2nd 46 83
3th 48 74

Type 3 Total Deletion % Replace %
13 120 89.2 283
8 131 93.9 313
10 122 91.8 28.7
14 96 85.4 24.0
11 112 89.3 26.8
12 98 87.8 21.4
9 127 92.9 323
5 134 96.2 343
8 130 93.8 36.9

"Cells of three clones (Al, A2 and A3) were co-electroporated with the replacement vector pT-lox2272-neo-loxP and the Cre expression

vector pBS185 in three repeats for each of the clones in similar conditions. Typel: a clone showing colorless at both wave lengths 488 nm and

558 nm resulted from GFP gene deletion and DsRed1 gene replacement; Type2: a clone showing red color resulted from green GFP deletion;

Type3: a clone showing both of red and green colors came from none Cre mediated reaction.
Deletion/%= Number of Typel and Type2 x100; Replace/%zw 100

Number of Total

2.4 Synthesis of specific primers for molecular
detection

Four pairs specific primers were synthesized for
molecular detection of recombinant events: Primer G1
and G2 were for detection of vector pTE-/ox2272-
DsRed-loxP-GFP-[oxP integration in cell genomes, for
detection of GFP gene deletion as well as for detection
of the replacement of DsRed gene by neo gene.
Because these two primers were positioned outside
lox2272 site at 5’ end and the wild type loxP site at the
the lengths of PCR amplified
fragments would tell the recombination events at

extreme 3’ end,

Number of Total

molecular level. Primer R1 and R2 were specific to
DsRed coding sequence and PCR amplification by this
pair of primers would produce a 500 bp probe , which
was designated as DsRed probe. Primer N1 and N2
were specific to Neo coding sequence and PCR
a 780bp probe,
designated as Neo probe. The relative positions of the

amplification would produce

above primers and DNA probes amplified by them are
illustrated schematically in Figure 4. Primer P1 and P2
specific to cre gene
amplification with this pair of primers would produce

were sequence and PCR

a 761 bp fragment.
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Fig. 4 Schematic illustration of positions of synthesized specific primers and probes

(a) For detection of vector pTE-/ox2272-DsRed-loxP-GFP-/oxP integration in genomes of the transgenic cells, a specific fragment of 4 152 bp should be
produced by PCR with primer G1 and G2, and after the genomic DNA was double digested with Eco47 [l plus Mlu | a specific fragment of 4 173 bp
should be hybridized by Southern blots with DsRed probe. (b) For detection of GFP gene deletion in genomes of the red clones , a specific fragment of
2 464 bp should be produced by PCR with primer G1 and G2, and after the genomic DNA was double digested with Eco47 Il plus Miu 1 a specific
fragment of 2 485 bp should be hybridized by Southern blots with DsRed probe. (c) For detection of GFP gene deletion and DsRed replacement with neo
gene in genomes of the colorless clones, a specific fragment of 2 111 bp should be produced by PCR with primer G1 and G2 , and after the genomic
DNA was double digested with Eco471ll plus Miu | a specific fragment of 2 132 bp should be hybridized by Southern blots with Neo probe.

2.5 Molecular detection of acceptor sites in
genome of cell

A genomic DNA sample was isolated from
amplified cells originated from clone A3, which was a
transgenic cell clone showing both of red and green
fluorescent colors and was used as template for PCR
amplifying specific DNA fragment primed by primer
G1 and G2. As shown in Figure S5a, a fragment of
4 152 bp was detected. For further classification of
vector integration, genomic DNA was double digested
with Ecod47 lll plus Miu | and Southern blotted with
the DsRed probe. As indicated in Figure 5b, a specific
fragment of 4 173 bp was hybridized. Thus molecular
detection data were consistent with the fluorescent
color reactions and indicated that pTE-lox2272-

(@ (b)

1 2

G ——
4500 bp ": i—b4 500 bp
T .

1 2 3 45

Fig. 5 PCR and Southern blot detection of transgenic cell clone
(a) Lane [ is positive control; lane 2 is negative control; lane 3 is the
amplified fragment from genomic DNA; lane 4 is DNA marker; lane 5 is
the size of isolated genomic DNA. (b) Lane / is negative control; lane 2
is Southern blotted fragment; lane 3 is positive control; lane 4 is DNA

marker.

DsRed-loxP-GFP-/oxP had integrated into the genomes
of the transgenic cells. Therefore they were suitable
materials for assay of the efficiencies of Cre/lox
mediated site-specific recombination in designed
conditions.

2.6 Molecular detection of marker gene deletion

The same method was used to detect the deletion
of marker gene GFP. DNA samples from two cell
clones showing red fluorescent color without green
fluorescent color after co-electroporation with
pT-lox2272-neo-loxP and pBSI185 were used as
templates for PCR using primer Gl and G2. The
specific DNA band of 2 464 bp was detected in
samples (Figure 6a) and this was the expected size
when GFP sequence had been deleted. With the DsRed
probe the 2 485 bp Ecod7ll/Miu I fragment was also
detected in Southern blotting (Figure 6b). These
evidences signified that the deletion of GFP sequence
had happened. For examination of the status of vector
pBS185 sequence in genomes of the two clones, the
expected 761 bp was checked by
amplification using primer Pl and P2. Results
indicated that this specific fragment could only be

fragment

amplified from one of the clones but not from the other
one (Figure 6¢). These data indicated that the GFP
sequence in one cell clone was deleted by the
mediation of Cre protein produced from the integrated
gene copies while in the other clone it was mediated
by Cre protein of transient expressed in cytoplasm.
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(a) (b) ©

1 2 3 4 56 1 2 3 4 5 123456 7

2000 bp

Fig. 6 Detection of the deletion of GFP in red cells by PCR and Southern blots
(a) Lane ] is negative control; lane 2, 3 is the amplified 2 464 bp fragment; lane 4 is DNA marker; lane 5, 6 is genomic DNA. (b) Lane/ is negative
control; lane 2, 3 is southern blot detected the 2 485 bp Eco47 Il /Mlu 1 fragment; lane 4 is positive control; lane 5 is DNA marker. (¢) Lane 1, 2 are

positive and negative control respectively; lane 3 is DNA marker; lane 4 is amplified 761 bp Cre gene fragment; lane 5 is the result of amplification for

Cre gene insertion; lane 6, 7 is genomic DNA.

2.7 Molecular
replacement
According to experiment designs if marker gene
GFP was deleted and the first target gene DsRed was
replaced by the second target neo gene, cell clones
should be colorless, and at the same time GFP and
DsRed should be disappeared from
molecular detection. Moreover, neo gene sequence
should be detected in the original place occupied by
DsRed by PCR amplification and Southern blot. To
prove these events did happen, genomic DNA from

detection of target gene

sequences

two colorless cell clones were subjected to PCR
amplification using primer G1 and G2. As shown in
Figure 7, the expected fragments of 2 111 bp were
amplified from both of the two cell samples(Figure 7a)
and at the same time the 2 132 bp Eco47 Il /Miu 1

@ 1234567 ®

2000 bp
~1200 bp

— —

fragment could also be detected by Southern blot with
the Neo probe (Figure 7b). Considering together with
the phenotypes of the cells, these data supported the
conclusions that indeed the marker gene GFP was
deleted from the integration site and the first target
gene DsRed was replaced by another target gene, the
neo gene, in the colorless cells. As in the previous
section, the status of cre gene carried by vector
pBS185 was also checked by PCR amplification using
primer P1 and P2, the specific 761 bp fragment was
detected from PCR amplification of the two genomic
DNA samples (Figure 7¢) indicating that copy or copies
of vector pBS185 has integrated into the genomes of
these two clones and Cre protein was produced by
constant expression of the gene in cells rather than
transient expression.

4 5 ©

1 234567

800 bp
—+2 000 bp

Fig. 7 Detection of gene replacement in colorless cells by PCR and Southern blot
(a) Lane /, 2 are positive and negative controls respectively; lane 3, 4 is the amplified 2 111 bp fragment; lane 5 is DNA marker; lane 6, 7 is genomic

DNA. (b) Lane ] is negative control; lane 2, 3 is Southern blot detected the 2 132 bp fragment; lane 4 is positive control; lane 5 is DNA marker.

(c) Lane / is positive control; lane 2 is negative control; lane 3 is DNA marker; lane 4, 5 is the amplified 761 bp fragment; lane 6, 7 is genomic DNA.

3 Discussion

Transgenic livestock has great potentials in
biomedical industries and agriculture!?. However, the

dream of use widely transgenic livestock in
commercial production will not come to true unless
transgenic efficiency could be increased substantially

and “position effect” of transgenes expression could
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be overcome. The selection of “friendly loci” among

numerous integration loci, as some authority
investigators!"”! suggested many years ago, is apparently
a good and practical strategy because many useful
transgenic individuals of farm animal bearing friendly
insertion loci have been produced over the years®'. To
better explore this possibility two novel methods must
be established: firstly, to produce large numbers of
transgenic founder animals with low cost; secondly, to
use of the selected loci repeatedly. In pursuing this
strategy, we have suggested a route as illustrated
schematically in Figure 8 and developed a set of
vectors. The main features of our vectors are that it
could serve to select transgenic embryos through in
vitro fertilization whereby to save recipients; it can

serve to remove marker gene at early embryonic stages

(o

Lox2272

Transfection ~ LOXP Loxp
Y%

O Embryos
@

ol )

n

Selection

Earlier embryos

Q
—

00"

I

Transplantation

Y

mu_—g High expression livestock

A

Selection

\

OO oo
OO ©O

Replacement gene +cre

. 2
Vitro fertilization

Somatic cells

v v
@O eO
OO
OO
Transplantation Transplantation

v
= =

High expression livestock

Fig. 8 Schematic presentation of selection
and use of “friendly loci”

by adding Cre protein; it can serve to replace target
genes in embryo or somatic cell after identification of
“friendly loci”. In the present study emphasis was
concentrated on evaluation of the efficiencies of
Cre/lox system in marker gene GFP deletion and the
imitated target gene DsRed replacement. Using cell
line instead of embryo in experiment is mainly for the
easiness in manipulation and straightforward in
observation of results. In the simulated conditions
biases may arise in results and their explanations. We
do hope that this simulation could reflect, to some
extent, the real events happening in embryo and in
somatic cells.

According to the presence of different fluorescent
color, cell clones were classified into three categories:
colorless were regarded as clones in which marker
gene were deleted and target gene were replaced; red
color were regarded as clones with marker gene
deleted but target gene remaining while the appearance
in both of red and green colors were regarded as Cre
mediated reaction never happened. Theoretically there
should be green clones, namely clones in which DsRed
gene was replaced without GFP gene deletion.
However it had never been observed any green clone
in our experiments. One possible reason for this could
be that the cell numbers used in the experiments were
not great enough so that the chance for the appearance
of green clone was too low. Another reason could be
that the green GFP gene was subjected to two
recombination reactions consisting of a deletion
reaction between the two flanking wild type [oxP sites
and of a replacement reaction mediated by /ox2272 and
the extreme 3’ end JoxP site so that the events of
replacement without deletion were extremely rare.
Except to screen them on purpose otherwise they will
never being found.

The overall efficiency of gene replacement
mediated by two pairs of hetero-specific loxP sites
(lox2272 and wild type loxP) was about 30%. If this
proportion sustained in embryo or somatic cell it
should be good enough for repeated use of selected
loci in practice. With an overall efficiency of marker
around 90%  Cre/loxP
recombination is a highly effective in deleting marker

deletion site-specific
gene indicating for saving recipients selection and
transplantation of transgenic embryo is practical in
production of livestock.

In this experiment the introduction of Cre
recombinase was accomplished by co-electroporation
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of Cre coding gene with the replacement vector. It is
interesting to note that among the four clones
characterized only three of them integrated pBS185
sequence in their genomes whereas the other clone
expressed Cre transiently. However when data on
recombination were compared, the differences among
the four clones were not significant statistically. This
fact indicated that in practice transient expression of
cre gene or direct supply Cre protein is not only
possible but also desirable since the integration of
copies of cre gene in genome should be avoided in
most cases.

In conclusion,
specific expression foreign genes in livestock by
introducing Cre/lox system to selected “friendly gene
loci”. Towards this aim, we have proved in different
experiments the following key facts: Firstly, positive
transgenic embryo could be

it is possible to realize site

distinguished from
none-transgenic and transgenic mosaic by naked eyes
using marker gene GFP. This means that a lot more
transgenic founder animals could be produced with the
same amount of money, which will in turn enhance the
chance for identifying “ friendly loci” in genome.
Secondly, with the combination use of homo-specific
and hetero-specific lox sites, it is possible that marker
genes could be deleted and target genes could be
replaced in one enzymatic reaction in early embryo or
somatic cell. Thirdly, Cre protein can be introduced
into cells or blastomeres by transient expression of cre
gene or direct provision of Cre protein.

References

1 Wall R J, Kerr D E, Bondioli K R. Transgenic dairy cattle: Genetic
engineering in large scale. J Dairy Sci, 1997, 80(9): 2213~2224

2  Nottle M B, Boquest A C, Harrison S J, et al. Transgenic
perspectives in livestock science: a review. Aust J Ex A, 2004, 44
(11):1113~1117

3 Palmiter R D, Brinster R L, Hammer R E, et al. Dramatic growth of
mice that developed from eggs microinjected with metallothionein-
growth hormone fusion genes. Nature, 1982, 300: 611~615

4 Gordon K, Lee E, Vitale J A, et al. Production of human tissue
plasminogen activator in transgenic mouse milk. Nat Biotech, 1987,
5:1183~1187

5 Boven R A, Reed M L, Schnieke A, et al. Transgenic cattle resulted
from biopsied embryos: expression of c-ski in transgenic calf. Biol
Reprod, 1994, 50(3): 664~668

6 Schnieke A E ,Kind A J, Ritchie W A, et «l. Human factor [X

20

21

transgenic sheep produced by transfer of nuclei from transfected
fetal fibroblasts. Science, 1997, 278(5346): 2130~2133

Menck M C, Mercier Y, Campion E, et al. Prediction of transgene
integration by noninvasive bioluminescent screening  of
microinjected bovine embryos. Transgenic Res, 1998, 7(5): 331 ~
342

McCreath K J, Howcroft J, Campbell K H, et al. Production of
gene-targeted sheep by nuclear transfer from cultured somatic cells.
Nature, 2000, 405(6790): 1066~1069

Lavitrano M, Bacci M L, Forni M, et al. Efficient production by
sperm mediated gene transfer of human decay accelerating factor
(hDAF) transgenic pigs for xenotransplantation. Proc Natl Acad Sci
USA, 2002, 99(22): 14230~14235
Lauth M, Moerl K, Barski J J, et «al. Characterization of
Cre-mediated cassette exchange after plasmid microinjection in
fertilized mouse oocytes. Genesis, 2000, 27(4): 153~158

Sauer B. Inducible gene targeting in mice using the Cre/lox system.
Methods, 1998, 14(4): 381~392

Metzger D, Feil R. Engineering the mouse genome by site-specific
recombination. Curr Opin Biotech, 1999, 10(5): 470~476
Chatterjee P K, Shakes L A, Srivastava D K, et al. Mutually
exclusive recombination of wild-type and mutant loxP sites in vivo
facilitates transposon-mediated deletion from both ends of genomic
DNA in PACs. Nucleic Acids Res, 2004, 32(18): 5668 ~5676

Lee G, Saito I. Role of nucleotide sequences of loxP spacer region
in Cre-mediated recombination. Gene, 1988, 216(1): 55~65

Siegel R W, Jain R, Bradbury A. Using an in vivo phagemid system
to identify non-compatible loxP sequences. FEBS Lett, 2001, 505
(3): 467473

Bouhassira E E, Westerman K, Leboulch P. Transcriptional behavior
of LCR enhancer elements integrated at the same chromosomal
locus by recombinase-mediated cassette exchange. Blood, 1997, 90
(9): 33323344

Araki K, Arakil M, Yamamura K. Site-directed integration of a cre
gene mediated by Cre recombinase using a combination of mutant
lox sites. Nucleic Acids Res, 2002, 30 (19): €103

Taniwaki T, Haruna K, Nakamura H, et al. Characterization of an
exchangeable gene trap using pU-17 carrying a stop codon-Bgeo
cassette. Dev Growth Differ, 2005, 47(3): 163~172

Araki K, Arakil M, Yamamura K. Negative selection with the
diphtheria
Cre-mediated cassette exchange in ES Cells. J Biochem, 2006, 140:
793~798

toxin a fragment gene improves frequency of

Branda C S, Dymecki S M. Talking about a revolution: the impact
of site-specific recombinases on genetic analyses in mice. Dev Cell,
2004, 6(1): 7~28

Wright G, Carver A, Cottom D, et al. High level expression of
active human alpha-1-antitrypsin in the milk of transgenic sheep.

Nat Biotech, 1991, 9: 830~834



«660° £ FEEEYYIEHE Prog. Biochem. Biophys. 2008; 35 (6)

—FhFIF Cre/loxP RZGFH1THRCE B MR
58E R BRI MMIREHRR

EXE LY EZRY fE D K OB HARAED ZBER
O EAAE I, AN ERHOR B RTS8 %, dEat 100094 2 ANV RFE AL B AACE BEDFTOIT, JEaT 100094)

FE  Crellox RIS DNA [F5E sUAFE SUMBR,  mIR I SE I SE R B b« AU ™ (R SR B b 2 IR
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