
Abstract Using the Sleeping Beauty (SB) trans-

poson system, we have developed a simple

method for the generation of Xenopus laevis

transgenic lines. The transgenesis protocol is

based on the co-injection of the SB transposase

mRNA and a GFP-reporter transposon into one-

cell stage embryos. Transposase-dependent re-

porter gene expression was observed in cell clones

and in hemi-transgenic animals. We determined

an optimal ratio of transposase mRNA versus

transposon-carrying plasmid DNA that enhanced

the proportion of hemi-transgenic tadpoles. The

transgene is integrated into the genome and may

be transmitted to the F1 offspring depending on

the germline mosaicism. Although the transpos-

ase is necessary for efficient generation of trans-

genic Xenopus, the integration of the transgene

occurred by an non-canonical transposition pro-

cess. This was observed for two transgenic lines

analysed. The transposon-based technique leads

to a high transgenesis rate and is simple to handle.

For these reasons, it could present an attractive

alternative to the classical Restriction Enzyme

Mediated Integration (REMI) procedure.
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Introduction

Xenopus amphibians have provided useful mod-

els for cell biology and vertebrate development

studies for decades. Molecular genetic techniques

such as injection of DNA, mRNA, antibodies or

morpholino antisense oligonucleotides can be

successfully applied in Xenopus embryos. All

these methods are essentially transient since the

injected molecules are progressively degraded by

cellular processes.

An efficient germinal transgenesis method in

Xenopus was created using nuclear transplantation

allowing late development and organogenesis

studies (Kroll and Amaya 1996; Sparrow et al.

2000). This method called ‘‘Restriction Enzyme

Mediated Insertion’’ (REMI) produces non-mo-

saic and stable transgenic animals, but suffers from

its technical complexity. In addition, chromosomal
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insertion occurs randomly at one or several geno-

mic positions into concatemers creating damage

or insertional mutations into cellular genes.

Recently Pan et al. (2005) have used the I-SceI

meganuclease for the creation of transgenic

Xenopus laevis with high-frequency transgenesis

and efficient germline transmission, although the

mechanism of the transgene integration was un-

known. More recently reported data have shown

that the phiC31 integrase can mediate integration

of plasmid DNA at a high enough efficiency to be

able to study the F0 generation of transgenes

(Allen and Weeks 2005).

Transposon technology has been widely used

as a molecular genetic tool in plants, bacteria,

fungi, insects and vertebrates (Ivics and Izsvak

2004). The members of the Tc1-mariner super-

family of DNA transposons constitute the most

attractive candidates for gene delivery in verte-

brates. Indeed, they do not require specific host

factors to move within the genome and provide

stable gene expression from low copy integration

events. Their structures are simple, with a single

open reading frame encoding a transposase,

flanked by ITRs (Plasterk and Van Luenen 2002).

They move via a cut-and-paste mechanism

whereby the tranposase binds at precise sites in

each of the ITRs, cuts out the transposon and

inserts it into a new DNA locus.

The Sleeping Beauty (SB) transposon, which

belongs to this superfamily, has been artificially

reconstructed from sequences of fish Tc1 trans-

posons inactivated throughout evolution (Ivics

et al. 1997). The transposon gene transfer system

is composed of the transposase enzyme SB, able

to mobilize in trans a non-autonomous version of

a transposon carried in a plasmid vector. This

transposon contains the Inverted Repeat/Direct

Repeat sequences (IR/DR) of SB transposon,

flanking a promoter/reporter gene sequence.

SB has been shown to transform a variety of

vertebrate cell lines from fish to human, including

Xenopus laevis A6 kidney cells, although efficiency

and precision of transposition varied significantly

among cell lines, suggesting potential involvement

of host factors (Izsvak et al. 2000). SB has been

developed as a gene delivery system in the

germline of mice and fishes (Dupuy et al. 2002;

Davidson et al. 2003; Grabher et al. 2003) and has

been successfully used as gene therapy vector in

animal models of human genetic diseases (for

review, Hackett et al. 2005). This transposon sys-

tem can also act as an insertional mutagenesis

vector for the identification of cancer genes in

tumours (Collier et al. 2005; Dupuy et al. 2005).

Here we report the use of the SB transposon

system as a genetic tool for germinal transgenesis

in the amphibian model Xenopus laevis. The

method consists of the co-injection into fertilized

eggs of a SB transposon encoding the green

fluorescent protein (GFP) driven by an ubiqui-

tous promoter and SB transposase mRNA. We

demonstrate that this transposon-based trans-

genesis approach present major advantages such

as a high transgenesis rate of injected embryos

and the simplicity of the injection procedure as

compared with the classical REMI procedure.

Materials and methods

Injection and transgenesis techniques

Xenopus eggs were collected, fertilized and de-

jellied as described by Sive et al. (2000). Embryos

were reared in 0.1· MMR at 18�C until the de-

sired stage. Using a nanoject injector (Drummond

Scientific Company, Broomall, PA, USA), 100 pg

of plasmid DNA with or without SB mRNA in a

9.2 nl total volume were microinjected into one-

cell stage embryos. Embryos were staged

according to Nieuwkoop and Faber (1994) and

raised to sexual maturity. The transgenic carriers

were identified by out-crossing to wild type ani-

mals. REMI transgenics lines and somatic gene

transfer (SGT) in tadpole dorsal muscle and brain

were made as described previously (de Luze et al.

1993; Ouatas et al. 1998; Sparrow et al. 2000).

Plasmid vectors

The PstI–SnaBI CAG-EGFP cassette from the

pCAG-EGFP plasmid, containing the cytoskele-

tal-b-actin promoter driving the GFP cDNA (gift

of J.I. Miyazaki and K. Sakamaki) was cloned

into a StuI–MscI digested pT plasmid (Ivics et al.

1997) to create the pT[bactin-GFP]. The T[bac-

tin-GFP] cassette was isolated by a KpnI–BamHI
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digestion and inserted into a KpnI–BamH1 di-

gested ISceI-pBSSK vector (Thermes et al. 2002),

resulting in the pST[bactin-GFP] vector. The

transposon unit pT[CMV-GFP] was cloned as a

SalI–SacI fragment into the pDSRed2-NI vector

(Clontech) at the same sites, giving the pRed-

pTGFP construct. The pCMVSB (also called

pSB10) and the pBSSK/SB10 plasmids provided

by Z. Ivics were used as the source of transposase

(Ivics et al. 1997; Grabher et al. 2003). SB10

mRNA was transcribed in vitro from the plasmid

pBSSK/SB10, using the mMessage mMachine kit

(Ambion).

Western blotting

Proteins were extracted in EB buffer (50 mM

bglycero-phosphate, 20 mM EGTA, 15 mM

MgCl2, 1 mM DTT, pH 7.3, leupeptine 10 lg/ml,

aprotinine 20 lg/ml) supplemented with a prote-

ase inhibitor cocktail (Roche). Proteins were

separated on SDS-PAGE and blot was tested

against a mouse polyclonal SB transposase pri-

mary antiboby (a kind gift of Z. Ivics), followed

by an anti-rabbit peroxidase coupled secondary

antibody (Novocastra, USA). Finally, blots were

developped using the chemiluminescence kit

(Amersham) and the reactivity was visualized on

hyperfilm ECL (Amersham).

Genomic DNA extraction and Southern blot

analysis

To extract genomic DNA (gDNA), embryos were

sacrified 3 weeks after injection, lysed in 300 ll of

lysis buffer (0.4 M NaCl, 10 mM Na2EDTA,

20 mM Tris pH 7.5, 0.5% SDS, 100 lg/ml Pro-

teinase K) and incubated overnight at 37�C with

occasional agitation. After two phenol–chloro-

form extractions, DNA was precipitated by add-

ing 2.5 vol of ethanol. The DNA pellets were

washed in 70% ethanol, air dried and resus-

pended in a solution of 10 mM Tris HCl and

0.1 mM EDTA (pH = 7.6). Ten micrograms of

genomic DNA isolated from wild type animals

and transgenic lines were digested with BamHI,

EcoRI and PvuII restriction enzymes. Probes

were obtained by PCR amplification. The

pST[bactin-GFP] plasmid was used as a template

for PCR reactions to obtain the 3¢IR/DR probe

(primers ins3¢+: 5¢-AAGCTCTGACCTCAATCC-

TATA-3¢ and ins5¢+/3¢–: 5¢-TTGAAGTCG-

GAAGTTTACATACACYT-3¢) and the GFP

probe (primers 5¢GFP: 5¢-ACCATGTGA-

TCGCGCTTC-3¢ and 3¢GFP: 5¢-AAGTTCAG-

CGTGTCCGGC-3¢). The PCR reactions contain

1 lM of primers, 200 lM of dNTP and 1 unit Taq

DNA polymerase in a total volume of 50 ll. The

cycling procedure was 94�C for 5 min, then 30

amplification cycles under the following conditions:

94�C for 1 min, 54�C for 1 min and 72�C for 1 min

with a final extension step at 72�C for 10 min. The

probes were labelled with a32P-dCTP by random

priming using the NEblotTM kit (New Englands

Biolabs). Southern blot analysis, were performed at

high stringency as described (Sinzelle et al. 2005).

One hundred picograms of pST[bactin-GFP]

plasmid was digested with the same restriction

enzymes and prepared for Southern blot as

positive control.

Photography

Animals were observed and scored using a

Olympus SZX12 microscope with fluorescent

illumination. Brightfield and GFP images were

captured using a colour video camera (Spot in-

sight color, Diagnostic instrument) with a 460- to

490-nm excitation filter and a 510-nm emission

filter.

Results and discussion

Production of hemi-transgenic embryos using

the SB transposon system

To determine whether the SB transposon system

could be suitable for Xenopus transgenesis, we

co-injected one-cell stage embryos with the

pST[bactin-GFP] reporter vector containing a

non-autonomous version of a transposon and in

vitro synthesized mRNA encoding the SB trans-

posase. The transposon was composed of the GFP

reporter gene under the control of the chicken

bactin ubiquitous promoter (bactin), flanked by

the SB IR/DRs (Fig. 1a).
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We first checked the efficiency of SB mRNA

translation in the context of early X. laevis em-

bryos. One-cell stage embryos were co-injected

with 1 ng of SB mRNA and 100 pg of the plasmid

reporter pT[CMV-GFP]. SB transposase was

detectable by Western blotting as soon as 1 h

after injection (2-cell stage) and lasted at least

1 week (Stage 48). Using these conditions, no

toxic effect on embryonic survival and develop-

ment were observed. In three experiments, the
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number of surviving embryos at stage 30 varied

from 25% to 60% when injected with the plasmid

only and from 31% to 47% when co-injected with

1 ng of SB mRNA.

We then monitored GFP expression in em-

bryos injected with plasmid alone or with SB

transposase mRNA. Embryos were scored at a

late stage, 3 weeks after injection to reduce con-

fusion of signals arising from free plasmids with

that from integrated transgenes. Once injected,

plasmid molecules may be maintained several

months in the tissues as extrachromosomal epi-

somes (Etkin and Pearman 1987). GFP expres-

sion persist when the transgene is integrated,

whereas the fluorescence attributable to free

plasmids is gradually lost at later stages of

development. Embryos were grouped according

to the level of fluorescence (Fig. 1b): (A) no flu-

orescence; (B) mosaic fluorescence either in a few

dispersed cells (B1) or in large clones of cells

reflecting an early integration event (B2); (C)

hemi-fluorescent embryos, either on the right or

left side of the body (C1 and C2). The addition of

mRNA transposase increased the number of

embryos with mosaic fluorescence. With SB

transposase, 64% of embryos (40/62) exhibited a

mosaic fluorescence (group B) compare to 43%

(17/40) without the SB transposase. In our study,

the most remarkable result was the finding of

hemi-fluorescent embryos using the pST[bbact

GFP] plasmid, in the presence of SB transposase

only. Since no uniformly fluorescent embryo was

generated, the integration event might have oc-

curred either in one of both blastomeres at the 2-

cell stage or at the 1-cell stage in a chromosomal

locus repressed in one side of the animal.

Determination of an optimal quantity of

transposase increasing the hemi-transgenic

tadpoles numbers

Previously reported data for the Sleeping Beauty

transposon have highlighted the impact of the

transposase amount on transposition efficiency in

vivo (Geurts et al. 2003). When the transposase

concentration exceeds an optimal concentration

in a given cell, an inhibitory effect known as

‘‘overproduction-inhibition’’ appears. To deter-

mine the optimal ratio of SB mRNA versus

plasmid DNA in our approach, amounts of

transposase mRNA, ranging from 10–5 ng to one

1 ng were tested. Embryos were co-injected with

100 pg of the pST[bact-GFP], and classified

according to the level of fluorescence 3 weeks

after injection (Fig. 1c). We found that 10–2 ng of

injected transposase mRNA gave the greatest

number of hemi-fluorescent tadpoles (6.5%) in

two independent series of injection. No hemi-

fluorescent embryos were obtained without

transposase, in agreement with our previous

analysis. We observed hemi-transgenic tadpoles

whatever the amount of transposase mRNA in-

jected, and hence an inhibitory effect is unlikely.

However, the number of hemi-transgenic tad-

poles decreased when the SB mRNA exceeded

10–2 ng suggesting a regulatory effect of the

transposase quantity. With the optimal transpo-

son/transposase ratio, a high proportion of sur-

viving hemi-transgenic animals was obtained.

Hemi-transgenics are helpful as the wild-type side

of the animal provides an internal control when

studying in vivo gene expression at late stages of

development.

Using the meganuclease I-SceI, Pan et al.

(2005) observed an overall trangenesis frequency

of 10%. With the REMI procedure, the percent-

age of trangenic animals measured at stage 40

represented 5–10% of the number of injected

Fig. 1 Generation of hemi-transgenic tadpoles using SB
(a) Schema of the pST[bact-GFP] transposon-carrying
construct used in this study. The GFP cDNA is driven by
the chicken cytoskeletal-b-actin promoter (c-bactin),
flanked with a chimeric intron from the chicken bactin
gene and the rabbit bglobin gene (intron). On its 3¢ end,
the GFP cDNA is flanked with the rabbit bglobin (r-
bglobin) 3¢UTR. (b) GFP fluorescence patterns observed
in embryos injected with pST[bact-GFP] and transposase
mRNA. Group A: no fluorescence; Group B: mosaic
fluorescence at various levels (B1 and B2 lateral views of
tadpole tails showing fluorescence in dispersed cells and in
large clone of cells, respectively); Group C: hemi-fluores-
cent tadpole (C1 and C2: dorsal view of the head of a hemi-
fluorescent tadpole illuminated with GFP filter and visible
light, respectively). (c) Variation of the hemi-fluorescence
pattern depends on the quantity of injected SB transposase
mRNA. Three weeks after co-injection of the pST[bact-
GFP] with various amount of transposase mRNA, embryos
were scored according to the fluorescent groups (A–C).
Injection of plasmid alone was used as controls. The
number of experiments (n) and of embryos in each
experiment are indicated within brackets

b
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oocytes under optimal conditions (Offield et al.

2000).

In vivo detection of excision events

With the aim to directly visualizing the putative

excision events of the transposon from the donor

plasmid (Liu et al. 2004), we developed an

excision assay based on the fluorescence emis-

sion properties of the pRed-pTGFP plasmid

(Fig. 2a). This construct contains the transposon

[CMV-GFP] inserted backwards between an-

other CMV promoter and the Red Fluorescent

Protein (RFP) gene. Indeed, in the absence of

any excision event, only green fluorescence is

emitted. In presence of transposase, if excision

of the [CMV-GFP] transposon occurs, the RFP

gene is placed under the control of the CMV

promoter and a red fluorescence can be visual-

ized together with the green fluorescence

(Fig. 2b). Because of the dilution of the donor

plasmid during tadpole development, we used

somatic gene transfer technique to analyse the

excision process (de Luze et al. 1993; Ouatas

et al. 1998). The pRed-pTGFP molecule was

injected in tadpole tail muscle and brain in

presence or in absence of a SB-coding plasmid

(pCMVSB). The results showed that red fluo-

rescence is clearly seen in muscle only when the

transposase was present, demonstrating that

excision events can be followed in vivo (Fig. 2c).

Similar results were obtained in the brain after

transfection of the pRed-pTGFP molecule

(Fig. 2d). These results provide evidence that the

injected mRNA encodes an active transposase

able to catalyse the excision from the donor

plasmid corresponding to the first step of the SB

transposition mechanism.

Germline transmission rates and molecular

analysis of integration

To correlate between the level of fluorescence in

F0 animals and germline transmission of the

transgene, the F1 offsprings of 16 founders

belonging to each fluorescence phenotype group

B and C were analysed for their ability to estab-

lish transgenic lines. F0 animals were mated to

wild type individuals and the F1 offsprings were

screened for fluorescence (Table 1). For each

founder, the germline mosaicism rate is deter-

mined as the percentage of fluorescent F1 off-

spring from a founder outcross. Transgenesis

frequency is defined as the percentage of F0 ani-

mals producing a fluorescent offspring.

The offspring of four animals injected with

pST[bact-GFP] alone showed no fluorescence.

When the pST[bact-GFP] plasmid was co-in-

jected with SB mRNA, transgenesis frequency

reached 40% (5/12), and F0 germline mosaicism

rates varied from 0.3% to 34%. All the F1 ani-

mals expressing the GFP showed ubiquitous flu-

orescence (Figure I, supplementary materials).

Three animals out of 10, in the mosaic fluores-

cence group B, transmitted the transgene to their

offspring. The two half-fluorescent animals (S1

and T1) transmitted the transgene in the progeny

with germline transmission rates varying from

2.5% to 34 %.

In order to assess the stablility of the transgene

in germline, GFP positive F1 animals from lines

T5, R1 (group of fluorescence B) and S1 (group of

fluorescence C) were mated to wild type animals

and the F2 offsprings were screened for fluores-

cence (Table 1). For the T5 and R1 lines from the

mosaic fluorescence group, 30 and 102 embryos

out of 59 and 201 were ubiquitously GFP positive,

respectively (Table 1 and Figure II, supplemen-

tary materials). For S1 line belonging to hemi-

fluorescence group, out of 246 embryos, 124 were

ubiquitously GFP positive (Table 1). These re-

sults clearly demonstrated that the transgene was

stably transmitted in F2 generation by a Mende-

lian fashion.

We investigated the molecular nature of inte-

grations by Southern blot analysis on two F0

animals, from lines T1 and T5, exhibiting hemi-

fluorescence and mosaic fluorescence, respec-

tively, and on their offsprings (Fig. 3). In addi-

tion, the analysis was performed on sibling

embryos, which did not exhibit detectable fluo-

rescence. Both lines T1 and T5 showed plasmid

insertions, revealed by the hybridization of two

probes, respectively recognising the GFP gene,

and the transposon inner part of the 3¢IR/DR

extending into the plasmid vector. These results

proved that integration of the transgene occured,

although not through a canonical cut-and-paste
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Fig. 2 In vivo detection
of excision after co-
transfection of pRed-
pTGFP and pCMV-SB
using somatic gene
transfer. (a) The pRed-
pTGFP plasmid was used
to detect the excision
events. The transposon
containing the transgene
CMV-GFP was inserted
between the CMV
promoter and the Red
fluorescent protein (RFP)
sequence. In the absence
of transposase, the
transcription of the pRed-
pTGFP produced green
fluorescence and no red
fluorescence signal
(GFP+/RedFP–). The
excision of the transposon
results in transcription of
the RFP gene (RedFP+).
(b) Observation of green
(GFP) and red (RedFP)
fluorescence expression,
or the two fluorescence
together (merge) in
muscle of living embryos
7 days after transfection
in presence of transposase
activity. (c) Histological
sections prepared from
transfected muscle show
that RFP expression was
only obtained in presence
of transposase activity
(+SB) and never seen in
the absence of co-
transfected transposase
(–SB). (d) In vivo
expression 7 days after
somatic gene transfer in
brain showed only green
fluorescence in the
absence of transposase
activity (–SB), whereas
green and red
fluorescence were
observed in co-
transfection with pRed-
pTGFP and pCMV-SB
constructs (+SB). Positive
cells are indicated with
arrowheads. Scale
bars = 100 lm (b), 50 lm
(c) and 20 lm (d)
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transposition mechanism, carrying plasmid se-

quences adjacent to the transposon into Xenopus

genome. Surprisingly, non-expressing F1 siblings

were positive for hybridization with both probes.

These data suggest that several integrations of the

transgene occurred in F0 germline, but that some

of them are silenced by position effects. From

these results, we can conclude that the germline

rates obtained previously were probably under-

estimated and represented consequently a mini-

mal rate of transgenesis. Recently, Allen and

Weeks (2005) have highlighted the importance of

preventing chromatin position effect. In their

transgenesis study, the use of the phiC31 integr-

ase required insulated gene sequences to obtain

transgenic embryos with expected expression

pattern.

From the present study, we conclude that SB

transposase can be used with some advantages to

obtain numerous transgenics, and specifically

hemi-transgenic animals using an ubiquitous

promoter coupled to the GFP in our assay. This

SB transfer system provides a simple method

using classical injection of genetic material into

fertilized eggs and could be a useful complement

to the REMI technique. Nevertheless, thorough

studies are needed to investigate if the SB trans-

poson system could drive accurately the spatial

and temporal expression of a given tissue-specific

promoter or enhancer of interest.

As other transgenic techniques based on plas-

mids injection into one-cell stage embryos (Pan

et al. 2005), the SB method has a limitation in F0

studies due to the background of fluorescence

resulting from unintegrated plasmids. Therefore,

any study on early development has to be done on

the F1 generation. For this type of work, the

sibling species Xenopus tropicalis is preferential

to X. laevis as it has the advantage of a shorter

generation time for the analysis of expression in

Table 1 Analysis of the germline transmission of the
inserted transgene in the F1 and F2 offsprings. The F0
founders belonging to the phenotypical groups of
fluorescence B and C are listed. Four F0 animals were
obtained upon injection of the pST[bact-GFP] alone
(control) and 12 were obtained upon co-injection of the
transposase mRNA. For each F0 founder, the F0 germline
mosaicism rate is determined as the percentage of

fluorescent F1 offspring from a founder outcross. The
total number of analysed embryos is indicated.
Transgenesis frequency is defined as the percentage of
F0 animals producing a F1 fluorescent offspring. The total
number and the percentage of fluorescent F2 embryos
analysed from F1 outcrosses (T5, R1, S1 lines) are
indicated

F0 F1 F2

Individual
founder

Group of
fluorescence

Total number
of F1 embryos
analysed

F0 Germline
mosaicism %

Transgenesis
frequency %

Total number
of F2 embryos
analysed

Percentage of F2
embryos GFP
positif

Control
AE1 B 34 0 n = 0/4 = 0% – –
J7 B 137 0
M6 B 257 0
W14 B 101 0

+SB10 mRNA
01 B 28 0 n = 5/12 = 40% – –
T5 B 611 0.3 59 50.8
AC4 B 602 0 – –
K20 B 470 0 – –
R1 B 40 15 201 50.7
R21 B 459 0 – –
AD1 B 47 21 – –
AD2 B 317 0 – –
AG4 B 81 0 – –
S2 B 63 0 – –
S1 C 80 2.5 246 50.4
T1 C 12 34 – –
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Fig. 3 Southern blot analysis of genomic insertion of the
transposon in transgenic Xenopus lines. (a) Structure of
the pST[bact-GFP] plasmid depicting the relative position
of both probes, detecting GFP and the 3¢IR/DR, respec-
tively. EcoR1 cuts twice in the transposon and PvuII and
BamH1 cut once in the plasmid. Genomic DNA (gDNA)
was digested by these three restriction enzymes. (b)
Southern blot analysis of two Xenopus transgenic lines.
Lanes 1–10 correspond to GFP hybridization and lanes 11–
20 to 3¢IR/DR hybridization. Lanes 1 and 11 correspond to
gDNA extracted from wild type embyos (WT). Probed
gDNA, extracted from the tail of transgenic F0 animals of
line T1 (T1 line, F0 GFP+, lanes 8 and 18) and T5 (T5 line,
F0 GFP+, lanes 5 and 15), gDNA from single F1 not

fluorescent siblings from line T1 (T1 line, F1 GFP–, lanes 9
and 19) and T5 (T5 line, F1 GFP–, lanes 6 and 16) and
gDNA from a single fluorescent F1 embryo of line T1 (T1
line, F1 GFP+, lanes 10 and 20) and line T5 (T5 line, F1
GFP+, lanes 7 and 17). Lanes 3 and 13 correspond to
gDNA from NbT-GFP REMI transgenics. Lanes 4 and 14
correspond to gDNA from CMV-GFP REMI transgenics.
Lanes 2 and 12 correspond to 100 pg of pST[bactin-GFP]
plasmid, used as hybridization control (plasmid). The
multiple bands in lane 7 probably correspond to incom-
plete cutting of genomic integrants, some of which
corresponding to plasmid DNA. Bands of 1771 bp and
2474 bp are obtained if the first and second EcoRI sites
shown in the Fig. 3a are not cut, respectively
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F1. This species with a diploid genome has be-

come the genomic reference in amphibians and is

therefore better suited for genetic approaches and

transgenic studies.
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