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In vivo recombination efficiency of two site-specific
recombination systems, VCre/VloxP and SCre/SloxP,
in medaka (Oryzias latipes)
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The present study delineates the in vivo efficiency of two site-specific recombination systems, VCre/VloxP and
SCre/SloxP, in medaka (Oryzias latipes). VCre, SCre, and Cre RNA was microinjected into fertilized medaka
eggs belonging to three transgenic lines harboring VloxP, SloxP, and loxP cassette. VCre induced site-specific
recombination specifically at VloxP sequence and SCre at SloxP sequence without any cross-reactivity. These
findings provide two novel alternative recombination systems in vivo in addition to the existing Cre/loxP and Flp/
FRT systems, thus enabling sophisticated gene expression in model organisms.
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Introduction

The site-specific recombination system is a valuable

biotechnological tool to investigate gene function by
way of spatial and temporal gene regulation. Two pop-

ular site-specific recombination systems in mice are as

follows: Cre/loxP used for knocking out expressed

sequence(s) in genes of interest and Flp/FRT used for

removing neomycin cassettes of positive selection

markers (Branda & Dymecki 2004). Cre recombinase

(Cre) derived from the P1 bacteriophage recognizes

the loxP sequence (loxP), whereas flippase recombi-
nase (Flp) derived from the yeast 2 lm plasmid recog-

nizes the Flp recognition target sequence (FRT). Both

the loxP and Flp sequences consist of two 13 base

pair (bp) palindromic repeats separated by an 8 bp

asymmetric spacer sequence, the 13-8-13 structure

(Rodr�ıguez et al. 2000).

VCre/VloxP and SCre/SloxP are two new site-speci-

fic recombination systems for genome engineering. In
vitro studies have proved that these systems work

together effectively as there is no cross-reactivity

between Cre/loxP, Flp/FRT, VCre/VloxP, and SCre/

SloxP (Minorikawa & Nakayama 2011; Suzuki &

Nakayama 2011). VCre recombinase (VCre) and its

recognition sequence, VloxP, are cloned from the plas-

mid p0908 of Vibrio sp. while SCre recombinase
(SCre) and its recognition sequence, SloxP, are cloned

from the plasmid 1 of Shewanella sp. ANA-3. Both

VCre and SCre show low similarity, i.e., 40% similarity,

in amino acid sequence with each other and also with

Cre, i.e., 29% and 31%, respectively, (Suzuki &

Nakayama 2011). Both VloxP and SloxP have the

same basic 13-8-13 structure as that of loxP and FRT;

however, their nucleotide sequence differs from each
other (Minorikawa & Nakayama 2011; Suzuki &

Nakayama 2011). This implies that VCre/VloxP, SCre/

SloxP, Cre/loxP, and Flp/FRT systems work indepen-

dently, thereby enabling multiple site-specific recombi-

nation systems to operate simultaneously. The

efficiency of these two site-specific recombination sys-

tems has been revealed in vitro (Minorikawa &

Nakayama 2011; Suzuki & Nakayama 2011; Karimova
et al. 2013; Fenno et al. 2014), but their efficiency

in vivo is still not evident.

Medaka (Oryzias latipes), a small freshwater teleost

is a popular animal model for vertebrate genetic analy-

sis, similar to zebrafish (Danio rerio) (Kinoshita et al.

2009). The present study aims to demonstrate the effi-

ciency of VCre/VloxP and SCre/SloxP systems in vivo

using medaka.
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Materials and methods

Maintenance of medaka

The Cab strain of medaka used in the present study

was maintained in a recirculating aquarium at a tem-

perature of 26°C on a routine cycle of 14 h light/10 h

dark photoperiod. The care and use of animals in the
present study were in accordance with the Regulation

on Animal Experimentation of Kyoto University

(approval number: 26–71).

Plasmid constructs

pactb-loxP-mCherry-loxP-EGFP. The mCherry and

SV40 polyA fragments were amplified from the
pmCherry-N1 vector (Clontech cat. No. 632523) by

polymerase chain reaction (PCR) using KOD -Plus- Neo

DNA polymerase (Toyobo, Osaka, Japan) with the

following primer pair: SpeI-mCherry-Fw and SV40pA-

PacI-Rv (listed in Table S1). To generate the pactb-loxP-

mCherry-loxP- enhanced green fluorescent protein

(EGFP) construct (Fig. 1a), the PCR product was

replaced with DsRed2 gene in the pbeta-act-loxP-
DsRed2-loxP-EGFP vector (GenBank accession num-

ber AB557594) at SpeI/PacI site. Beta-act (actb)

specifies the regulatory region (approximately 4 kb) of

the medaka (Oryzias latipes) beta-actin gene, which

induces gene expression in the entire body (Suehiro

et al. 2010).

pactb-VloxP-mCherry-VloxP-EGFP and pactb-SloxP-

mCherry-SloxP-EGFP. Each single-stranded oligonuc-

leotide pair (listed in Table S2) was annealed to generate

the double-stranded oligonucleotides SalI-VloxP-SpeI,
PacI-VloxP-SacII, SalI-SloxP-SpeI, and PacI-VloxP-

SacII. To generate pactb-VloxP-mCherry-VloxP-EGFP

and pactb-SloxP-mCherry-SloxP-EGFP (Fig. 1), the

double-stranded oligonucleotides synthesized were cor-

respondingly substituted into the SalI/SpeI and the PacI/

SacII sites of the pactb-loxP-mCherry-loxP-EGFP con-

struct.

VCre, SCre, and Cre recombinase expression

plasmids. In the present study, for the Cre recombi-

nase expression plasmid, the pCS2-OlCre vector

(GenBank accession number LC094445), with codon

usage optimized for medaka without altering the amino

acid sequence from that of bacteriophage P1 Cre

recombinase (Sternberg et al. 1986), was used. For

the construction of pCS2-VCre and pCS2-SCre vec-
tors, the Cre recombinase gene was replaced accord-

ingly with VCre and SCre genes, which were amplified

by PCR using KOD -Plus- Neo DNA polymerase from

pTurbo-VCre and pTurbo-SCre, respectively (Kazusa

DNA Res. Inst., Chiba, Japan) (primers listed in

Table S1). Each plasmid consisted of the Kozak

sequence, nuclear localization signal (NLS), and a lin-

ker sequence (GGSGGT) at the 50 end, upstream of
each recombinase gene (Cre, VCre, and SCre) in the

pCS2 + plasmid.

RNA synthesis

After linearization of pCS2-VCre, pCS2-SCre, and

pCS2-OlCre expression vectors with NotI digestion,

capped RNA was synthesized using the mMessage
mMachine SP6 Kit (Life Technologies, Carlsbad, CA,

Fig. 1. DNA constructs and three site-

specific recombination systems. (a) DNA

constructs for establish three transgenic

medaka lines, Tg (VloxP-cassette), Tg

(SloxP-cassette) and Tg (loxP-cassette).

The Primers were used for investigating

recombination activity. The amplicons

before recombination were 1370 bp or

1382 bp. (b) Schematic diagram of DNA

constructs after recombination. The ampli-

cons were 348 bp in size.
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USA), according to the manufacturer’s protocol. The
synthesized RNA was purified using the RNeasy Mini

Kit (Qiagen, Hilden, Germany). The RNA transcript

derived from pCS2-OlCre is indicated as Cre RNA in

the present study.

Microinjection and generation of transgenic (Tg) lines

of medaka

To generate transgenic lines, approximately 50 pL

(30 ng/lL) of each plasmid preparation (pactb-VloxP-

mCherry-VloxP-EGFP, pactb-SloxP-mCherry-SloxP-

EGFP and pactb-loxP-mCherry-loxP-EGFP) was

microinjected into one-cell-stage medaka embryos as

described previously (Kinoshita et al. 2009). Each

transgenic medaka line was established as follows: the

fish (G0), microinjected with the plasmid constructs
were raised to adulthood and mated with wild-type fish

of the Cab strain. Transgenic fish expressing red fluo-

rescence in the entire body were selected from the F1

generation. In the present study, transgenic lines that

harbor pactb-VloxP-mCherry-VloxP-EGFP, pactb-

SloxP-mCherry-SloxP-EGFP, and pactb-loxP-mCherry-

loxP-EGFP are designated as Tg (VloxP-cassette), Tg

(SloxP-cassette), and Tg (loxP-cassette), respectively.

Microinjection of VCre, SCre, and Cre RNAs into the

embryos of Tg lines

To obtain the F3 heterozygote embryo, F2 heterozy-

gote males of Tg (VloxP-cassette), Tg (SloxP-cassette),

and Tg (loxP-cassette) were mated with wild-type

females of the Cab strain, respectively. Then, 50 pL
(50 ng/lL) of RNA of VCre, SCre, or Cre was microin-

jected into the cytoplasm of one-cell-stage F3

embryos.

Microscopic observation

The injected embryos were observed at 4 days post-

fertilization (dpf) with the fluorescence stereomicro-
scope MZFLIII with DsRed and GFP2 filter sets (Leica

Microsystems, Wetzlar, Germany). Microscopic images

were captured using a digital color-cooled charge-

coupled device camera and a VB-7010 image control

system (Keyence, Osaka, Japan).

Genome extraction, PCR, and electrophoresis to

investigate recombination activity

Embryos at 6 dpf were lysed individually in 25 lL alka-

line lysis buffer containing 25 mM NaOH and 10 mM

ethylenediaminetetraacetic acid (EDTA) (pH 8.0). After

breaking the egg chorion, these embryos were

incubated at 95°C for 10 min. The lysate was then
neutralized with 25 lL of 40 mM Tris-HCl (pH 8.0) and

was used as the genomic DNA sample. To confirm

the recombination reaction, PCR was carried out using

KOD FX DNA polymerase (Toyobo, Osaka, Japan) with

the following primer pair: actb-SalI-Fw and EGFP-Rv

(listed in Table S1). The amplified products were

analyzed on 1.2% agarose gel.

Results

Establishment of transgenic medaka lines

Three transgenic medaka lines, Tg (VloxP-cassette),

Tg (SloxP-cassette) and Tg (loxP-cassette), were suc-

cessfully created and transgenesis was confirmed by

the red fluorescence of mCherry observed in the entire
body of the embryos and the adults.

Confirmation of site-specific recombination and

absence of cross-reactivity

In order to investigate the specificity of site-specific

recombination, each of the RNAs encoding VCre,

SCre, or Cre was microinjected into 15 fertilized eggs
belonging to three transgenic lines harboring VloxP-

cassette, SloxP-cassette, or loxP-cassette. Indication

of successful site-specific recombination was detected

by the expression of green fluorescence derived from

the EGFP gene instead of by the red fluorescence

derived from mCherry gene expression.

Fluorescence in RNA microinjected embryos was

observed at 4 dpf. Since the embryos were from the
F3 generation, derived by mating heterozygous F2 and

wild-type individuals, half of the surviving embryos

were not transgenic fish as they showed neither EGFP

nor mCherry expression (represented in the right col-

umn of Table 1).

To investigate recombination activity, the region of

the flanked sequence by recognition sites was ampli-

fied by PCR from the embryos after recombinase
RNAs microinjection. In case of successful recombina-

tion, the amplicons were 348 bp in size (Fig. 1b,

Fig. 3), as detected by electrophoresis. On the

other hand, in the absence of recombination, the

amplicons were 1370 bp (pactb-VloxP-mCherry-

VloxP-EGFP and pactb-SloxP-mCherry-SloxP-EGFP)

or 1382 bp (pactb-loxP-mCherry-loxP-EGFP) in size

(Fig. 1a, Fig. 3).

Targeted site-specific recombination of VCre on the

VloxP cassette. Following VCre RNA microinjection

into the VloxP cassette of transgenic line, 5 out of 12

surviving embryos expressed green florescence in the
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entire embryonic body with no expression of red fluo-
rescence (Table 1, Fig. 2c–d). The remaining seven

embryos were not transgenic as they did not express

any fluorescence activity. Following VCre RNA microin-

jection into the SloxP or loxP cassette-containing

transgenic lines, five and nine embryos were of trans-

genic fish, respectively, with red fluorescence but with-

out green fluorescence (Table 1: Fig. 2k–l and 2s–t).
PCR analysis confirmed site-specific recombination

of VCre on VloxP cassette. As shown in the column

indicated “+VCre” in Fig. 3, 348 bp PCR amplified

DNA fragments were observed in the VloxP cassette-

containing transgenic embryos injected with VCre

RNA. On the other hand, DNA fragments that were

either 1370 or 1382 bp in size were produced in the

SloxP and loxP cassette harboring transgenic embryos

injected with VCre RNA, indicating the absence of
recombination in these embryos.

These results signify the specificity of recognition

and recombination of the VloxP sequence by VCre

recombinase without any cross-reactivity with the

SloxP and loxP sequences.

Targeted site-specific recombination of SCre on SloxP

cassette. In 7 out of 14 surviving embryos of trans-
genic line harboring SloxP cassette microinjected with

SCre RNA, green florescence was detected in the

entire embryonic body while no expression of red fluo-

rescence was observed. (Table 1: Fig. 2m–n). The

remaining 7 embryos did not show any fluorescence,

indicating the absence of transgenesis. Microinjection

of SCre RNA into the VloxP or loxP cassette-contain-

ing transgenic lines resulted in 6 and 7 transgenic

embryos respectively, with red fluorescence but with-
out green fluorescence (Table 1: Fig. 2e–f and 2u–v).
Polymerase chain reaction analysis confirmed site-

specific recombination of SCre on SloxP cassette. As

shown in the column marked “+SCre” in Fig. 3, PCR

amplified DNA fragments of 348 bp resulting from site-

specific recombination were observed only in SloxP

cassette-containing transgenic embryos but not in

VloxP and loxP cassette-containing transgenic
embryos.

These results confirm the specificity of recognition

and recombination of the SloxP sequence by SCre

recombinase without any cross-reactivity with the

VloxP and loxP sequences.

Targeted site-specific recombination of Cre on loxP

cassette. In 7 out of 14 embryos that survived after
microinjection of Cre RNA into the loxP cassette-con-

taining transgenic line, green florescence was detected

in the entire embryonic body along with the absence

of red fluorescence (Table 1: Fig. 2w–x). No fluores-

cence was detected in the remaining seven embryos,

indicating the absence of transgenesis. In the case of

microinjection of Cre RNA into VloxP or SloxP cas-

sette-containing transgenic lines, five and eight
embryos were of transgenic fish, respectively, with red

fluorescence but without green fluorescence (Table 1

and Fig. 2g–h and 2o–p).
Similar to VCre and SCre, specificity of site-specific

recombination by Cre was analyzed by PCR. As indi-

cated in the column marked “+Cre” in Figure 3, PCR

amplified DNA fragments of 348 bp resulting from site-

specific recombination were observed only in loxP

Table 1. Summary detailing microinjection of recombinase RNAs into transgenic lines

RNA Tg line

No.
injected
embryos

Surviving
embryos†

Red+
Green�
embryos†

Red�
Green+
embryos†

Red+
Green+
embryos†

Red�
Green�
embryos†

No
VloxP-cassette 15 12 8 0 0 4
SloxP-cassette 15 14 8 0 0 6
loxP-cassette 15 14 11 0 0 3

VCre
VloxP-cassette 15 12 0 5 0 7
SloxP-cassette 15 11 5 0 0 6
loxP-cassette 15 14 9 0 0 5

SCre
VloxP-cassette 15 12 6 0 0 6
SloxP-cassette 15 14 0 7 0 7
loxP-cassette 15 14 7 0 0 7

Cre
VloxP-cassette 15 15 8 0 0 7
SloxP-cassette 15 11 5 0 0 6
loxP-cassette 15 14 0 7 0 7

†The number of surviving embryos and embryos expressing red or green fluorescence were counted at 4 days postfertilization (dpf).

ª 2016 Japanese Society of Developmental Biologists

Efficiency of VCre/VloxP and SCre/SloxP in medaka 519



cassette-containing transgenic embryos but not in

VloxP and SloxP cassette-containing transgenic

embryos.

These results prove that Cre recombinase specifi-

cally recognizes and recombines only the loxP
sequence but not the VloxP and SloxP sequences.

Discussion

In the present study, we demonstrated the in vivo effi-

ciency, specificity, and lack of cross-reactivity of two

site-specific recombination systems, VCre/VloxP and

SCre/SloxP, in a vertebrate teleost fish, medaka (Ory-

zias latipes). As shown in Figure 2 and Table 1, VCre
and SCre switched from mCherry expression to EGFP

expression completely by precise combination at

recognition sites in Tg (VloxP-cassette) and Tg (SloxP-

cassette), respectively. Additionally, VCre did not

switch mCherry expression in the Tg line containing

the SloxP and loxP sequences, indicating lack of

cross-reactivity of VCre at the other recombinase

recognition sites, SloxP and loxP. Similar results were
obtained with SCre exhibiting site-specific recombi-

nase activity on SloxP sequence without cross-reactiv-

ity. In addition, Cre switches mCherry expression

neither in Tg (VloxP-cassette) nor in Tg (SloxP-cas-

sette), which indicates that Cre did not have cross-

reactivity towards VloxP and SloxP recognition

sequences.

Recently, genome editing technology using transcrip-
tion activator-like effector nuclease (TALEN) and the

clustered regularly interspaced short palindromic

repeats (CRISPR)/CRISPR associated (Cas) system

became a popular tool to investigate gene function;

(a) (b) (c) (d) (e) (f) (g) (h)

(i) (j) (k) (l) (m) (n) (o) (p)

(q) (r) (s) (t) (u) (v) (w) (x)

Fig. 2. Recombination effects of three recombinase mRNA injection into the three transgenic lines. (a–h) Microinjection of respective

recombinase RNA into the Tg (VloxP-caassette). (i–p) Microinjection of respective recombinase RNA into the Tg (SloxP-cassette). (q–x)

Microinjection of respective recombinase RNA into the Tg (loxP-casssette). (a, c, e, g, I, k, m, o, q, s, u, w) Observation under the RFP

filter. (b, d, f, h, j, l, n, p, r, t, v, x) Observation under the GFP filter. (a, b, i, j, q, r) No injection.

Fig. 3. Electrophoresis for investigating recombination activity.

Electrophoresis of the amplicons of the flanked region. In VCre

RNA microinjection, the short size of PCR product (348 bp) was

detected only from Tg (VloxP-cassette). Similarly, in SCre RNA

microinjection only from Tg (SloxP-cassette), and in Cre RNA

microinjection only from Tg (loxP-cassette), the short size of PCR

product was detected. The PCR and electrophoresis were per-

formed on single embryos.
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this technology allows for multiple gene modification
simultaneously in a single individual (Harrison et al.

2014). Under such circumstances, highly regulated

artificial regulation of multiple gene expression in the

organism under study is desirable. Until now, regula-

tion of artificial gene expression by gene recombination

was performed using major two recombination sys-

tems, namely, Cre/loxP and Flp/FRT. Our results from

the present study indicate two alternative systems,
VCre/VloxP and SCre/SloxP, for regulating artificial

gene expression by way of gene recombination in vivo.

For instance, it would be possible to knock out the

first gene of interest in a certain tissue with Cre/loxP,

and then the second and the third genes could be

knocked out using VCre/VloxP and SCre/SloxP system

independently in other tissues. As mentioned above,

VCre/VloxP and SCre/SloxP systems recombine intro-
duced gene in vivo without cross-reactivity with con-

ventional Cre/loxP system, indicating that the

expression of multiple genes can be regulated inde-

pendently in a same individual. Thus, these two sys-

tems will be beneficial for gene function analysis by

promoting to generate model transgenic creatures.
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