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The use of Cre recombinase for conditional targeting permits the controlled removal or activation of
genes in specific tissues and at specific times of development. The Rho–Cre mice provide an improved
tool for studying gene ablation in rod photoreceptor cells. To establish a robust expression of Rho–Cre
transgenic mice that would be useful for the study of various protein functions in photoreceptor cells,
a total 11,987 kb fragment (pNCHS4 Rho–NLS–cre) containing human rhodopsin promoter was cloned.
The Rho–Cre plasmid was digested with EcoR1 and I Ceu-1, and the 9.316 kb fragment containing the
hRho promoter and Cre recombinase gel was purified. To generate transgenic mice, the purified DNA frag-
ment was injected into fertilized oocytes according to standard protocols. ROSA26R reported the steady
expression of Rho–Cre especially in photoreceptor cells, allowing further excising proteins in rod photo-
receptors across the retina. This Rho–Cre transgenic line should thus prove useful as a general deletor line
for genetic analysis of diverse aspects of retinopathy.

� 2013 Elsevier Inc. All rights reserved.
1. Introduction

Gene-targeting strategies have been used to study varies genes
that are important in ocular function and retina disease [1–3].
However, some genes that function in the eye are also critical for
normal development and homeostasis of the animal and are there-
fore not feasible to simple knockout techniques [4,5]. The Cre/LoxP
recombination system has become a powerful tool for allowing
gene manipulation in vivo [6], especially with the increasing avail-
ability of cell and tissue specific Cre transgenic mouse lines [7].

Photoreceptors are the primary transducers of visual stimula-
tion [8,9]. The light responses of rod cells in the vertebrate retina
are extremely precise because of the extraordinary regulation of
enzymes and protein regulators [10]. The signaling characteristics
of the retina pigments modulate the unique physiological func-
tions of rods [11]. Many indispensable proteins have been certified
to perform a role in the cells, while their physiological function
remained unclear. By genetic manipulation of rod photoreceptors,
the typical function of a featured protein can be directed, using
rod-specific promoters. To further detect the unknown characteris-
tic of a proper protein, we investigate a new panel of synthetic pro-
moters by combining pNCHS4–CBPA as a vehicle with rhodopsin as
the promotor, which contains the Cre series. Thus a more sturdy
and differential expression of Cre is established. We use a classical
Cre–loxP mutagenesis to test the function of conditional knockout
gene specifically in rod cells [12,13].
2. Materials and methods

2.1. Construction of transgenic Rho–Cre mice

For the construction of transgenic mice, Rho promoter was or-
dered from Addgene No. 13779 (Cambridge, USA). The purified
plasmids pRho–Cre was digested with the restriction enzymes
Sal I/EcoR I (Takara Biotechnology (Dalian) Co., Ltd.) at 37 �C to iso-
late the 2301 bp human Rho promoter fragment [14]. A Cre gene
was cloned into the Sal I/Not I (Takara Biotechnology (Dalian)
Co., Ltd.) sites of pNCHS4–CBPA (Jiangsu Animal Experimental
center of Medical and Pharmaceutical Research, Nanjing, China)
synchronously and named pNCHS4 Rho–NLS–cre. The Cre gene
was excised as an 1110 bp EcoR I/Not I (Takara Biotechnology
(Dalian) Co., Ltd.) site of purified plasmids pCAG–Cre–NLS (Jiangsu
Animal Experimental center of Medical and Pharmaceutical
Research, Nanjing, China). The pNCHS4 Rho–NLS–cre also contains
a pair of cHS4 Prime. This total 11.987 kb Cre expression vector
excised by EcoR1 and I CEU-1 (New England Biolabs, U.S.A.),
respectively was further purified and microinjected into the
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pronuclei of fertilized eggs of C57-B6/SJL mice (Shanghai Labora-
tory Animal Center, CAS) at Jiangsu Animal Experimental center
of Medical and Pharmaceutical Research according to standard
protocols, to generate transgenic mice. The resulting transgenic
mouse line was named Rho–Cre. To evaluate the cell subtypes
which demonstrated Cre recombinase activity in vivo, the F1
homozygote Rho–Cre line was crossed with mice B6.129S4-Gt(RO-
SA)26Sortm1Sor/J from Jackson laboratory (No. 003474) carrying the
Cre-activatable lacZ reporter allele (ROSA26R) [15].

2.2. Animal treatment and generation and PCR of genomic DNA

The use of animals in this study was approved by the Institutional
Animal Care and Jiangsu Animal Experimental Center of Medical and
Pharmaceutical Research. Mice were housed and bred in the Exper-
imental Animal Facilities at Nanjing Medical University under SPF
conditions, and the animal experiments were conducted following
the guidelines of Nanjing Medical University and have been ap-
proved by Ethics Committee of Nanjing Medical University. The ani-
mals were allowed free access to food and water at all times and
were maintained on a 12 h light/dark cycle at controlled tempera-
ture (20–25 �C) and humidity (50 ± 5%). Founders were screened
by PCR to identify the 9 founders carrying the Rho–Cre gene. DNA
was prepared from mice tails [16] and PCR reactions were performed
using the PCR kit (Promega, U.S.A.) in 20 lL volumes with tail DNA
1 lL, H2O 12.5 lL, 10� buffer 2 lL, 25 mM MgCl2 2 lL, 10 mM dNTP
0.4 lL, forward and reverse primers 1 lL each, and rTaq polymerase
0.1 lL (Promega, U.S.A.). PCR diagnostic for the Cre transgene was
performed with primers Cre-F (50-TTGCCTGCATTACCGGTCGATGC-
30) and Cre-r1 (50-TTGCACGTTCACCGGCATCAACG-30) according to
an established procedure [17], which amplified a 364 bp Cre frag-
ment. PCR condition was as following: 35 cycles at 94 �C for 30 s,
55 �C for 30 s, and 72 �C for 30 s. PCR detection of the Cre-activatable
lacZ reporter gene in ROSA26R mice were performed with primers
Fzd9lacZ-F(50-TAACCGTCAAGAGCATCATCCTC-30) and Fzd9lacZ-
R(50-CCAGGTAGCGAAAGCCATTTTTTG-30) to detect a 522 bp
product in the lacZ structure gene, using the following condition:
35 cycles at 94 �C for 30 s, 55 �C for 30 s, and 72 �C for 60 s, according
to an established procedure [18]. PCR products were separated in a
1% or 1.5% agarose gel and visualized by staining with ethidium
bromide.

2.3. RT-PCR determination of Cre mRNA expression

Total RNA (2 mg) was extracted from various mouse organs
using a Promega kit (Promega, U.S.A.). Subsequently, cDNAs were
generated from 1 lg of total RNA, using the High-Capacity cDNA
Reverse Transcription Kit (Applied Biosystems, U.S.A.), and the
cDNA was subjected to a 35-cycle PCR amplification. RT-PCR diag-
nostic for Cre was performed with primers Cre-F (50-TTGCCTGCAT-
TACCGGTCGATGC-30) and Cre-r1 (50-TTGCACGTTCACCGGCATCAA
CG-30) as stated above, which amplified a 364 bp Cre fragment.
PCR condition was as following: 35 cycles at 94 �C for 30 s, 55 �C
for 30 s, and 72 �C for 30 s. Amplified DNA products were separated
on a 1.5% agarose gel and visualized by staining the gel with ethi-
dium bromide.

2.4. Localization and functional analysis of inducible Cre expression

To evaluate the cell subtypes which demonstrated Cre recombi-
nase activity in vivo, the homozygote Rho–Cre line was crossed
with mice carrying the Rosa26 reporter allele [15]. The b-galactosi-
dase (bgal) activity resulting from Cre-mediated recombination of
the ROSA26R location was monitored by X-gal staining (biodee,
Beijing, China) [19]. Rho–Cre mice were killed by cardiac perfusion
with 4% PFA (wuhan Boster Bio-engineering, Wuhan, China.) in
phosphate-buffered saline (PBS). The eyes apart from the body
were penetrated in 4% PFA in PBS overnight at 4 �C and the anterior
segment were removed, 30% sucrose overnight for dehydration.
Eye cups sank to the bottom, frozen in OCT freezing medium were
sliced at 7 lm. Then the specimens were treated with raising buf-
fer three times for 10 min, including 5 mM EGTA, 0.01% Deoxycho-
late, 0.02% NP40, and 2 mM MgCl2 in PBS. The processed samples
were staned overnight at 37 �C in 1 mg/ml X-gal, 5 mM potassium
ferrocyanide, 5 mM potassium ferricyanide, and 2 mM MgCl2 in
PBS. Stained samples were rinsed in PBS and postfixed at 4 �C in
4% PFA in PBS buffer for over 2 h, then attentively washed by PBS
and preserved in glycerine. Retinas were examined and photo-
graphed with microscope (BX41; Olympus, Tokyo, Japan) equipped
with color digital cameras.

3. Results

3.1. Generation of inducible rod-specific Cre transgenic mice

Gene recombination technology has been successfully em-
ployed to analysis gene function in different differential tissues
and cells [20,21]. We generated rod-specific Cre transgenic mice
to further explore the specific effect of gene knockout in rod pho-
toreceptors. The pNCHS4 Rho–NLS–cre were prosperously con-
structed (Fig. 1A) and reappraised by EcoR1 (reveal the 4524/
7463 bp segments, Fig. 1B) or I CEU-1 (reveal the 9316/2671 bp
segments, Fig. 1C) digestion. According to standard protocols, this
Cre expression vector was microinjected into the pronuclei of fer-
tilized eggs of C57-B6/SJL mice to generate a single chromosome,
which co-integrated of both transgenes. The generated mice be-
haved normally. PCR analysis using primers Cre-F/Cre-r1 (amplify-
ing a 364 bp Cre fragment) obtained the nine funders of Rho–Cre
line, which were candidates that implied to cross with ROSA26R
mice. The upshot F1 Rho–Cre mice carried Cre-activatable lacZ re-
porter gene in funder ROSA26R mice were performed with primers
Fzd9lacZ-F and Fzd9lacZ-R, amplifying a 522 bp LacZ fragment
(Fig. 2). No retina disability found. In the sequel, mice can be legal
for further characterize.

To confirm that Cre expression was specially restricted to ret-
ina, RNA was prepared from various organs, reverse transcrip-
tion-mediated PCR for detection of Cre showed retina-specific
expression (Fig. 3). No other tissues reflect the expression, along
with normal controlled mice and negative control (pure water).

3.2. Cell subtypes exhibited Cre recombinase activity

To further test the function and specificity of Rho–Cre line
in vivo, we crossed founders with ROSA26R mice. ROSA26R prog-
eny showed strong, diffuse lacZ expression while in most other
strains of mice, rod cells, along with all other retina tissues and
organizations including the live, heart, lung, kidney, uterus, were
negative. X-gal staining of retina tissues from Cre-mediated recom-
bination of the ROSA26R progeny was observed with rod photore-
ceptors (Fig. 4). The cell types with the b-gal activity showed
positive signals corresponded to those in which the Rho promoter
is active, indicating that b-gal expression was dependent on the
presence of the Cre recombination [22].

4. Discussion

It is thorough known that gene is important for vital activity
raging from survival, apoptosis and cell death. Gene function has
been studied in various physiologic and pathological patterns
[23]. The development of conditional knockout strategies has en-
abled the study of objective genes. The use of Cre and other recom-
binases for conditional targeting permits the controlled removal or



Fig. 1. The pNCHS4 Rho–NLS–cre CBPA. (A) Construction of pNCHS4 Rho–NLS–cre CBPA: pRho–Cre, pCAG–Cre–NLS and pNCHS4–CBPA were cut by proper restriction
enzymes (Sal1/EcoR1/Not1), respectively and 3 required pieces were concatenated; (B), and (C) Total 11.987 kbp Cre expression vector excised by EcoR1 and I CEU-1,
respectively for further purify. The 4524/7463 bp segments were digested by EcoR1 and the 9316/2671 bp segments were digested by I CEU-1.

Fig. 2. F1 Rho–Cre mice tails carried Cre-activatable lacZ reporter gene. PCR
analysis: primers Cre-F/Cre-r1 amplifying a 364 bp Cre fragment; Fzd9lacZ-F and
Fzd9lacZ-R, amplifying a 522 bp LacZ fragment. 1–4: positive; �: negative; M:
Marker(2000 bp).
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activation of genes in specific tissues and at specific times of devel-
opment [12,24,25]. In the present study, we used Cre–LoxP
methods to construct gene deletion, which requires two different
genetically engineered mouse strains: one containing a cell-type
specific promoter with Cre recombinase, the other containing a flo-
xed gene, which flanked by LoxP sequences that are Cre recogni-
tion sites [26–28]. The combination of these two mouse strains
Fig. 3. Reverse transcription-mediated PCR for detection of Cre mRNA: H, heart; Li, liver
Marker(2000 bp). Retina shows 364 bp segment, no other tissues reflect the expression.
propagated a new mouse strain with gene deletion in a cell-specific
tissue. Marszalek JR [29] used IRBP as a rod-specific promoter to
create IRBP–Cre mice strain, although his study demonstrated a
requirement for kinesin-2 in photoreceptor cell protein transport
and viability, gene excision was incomplete and asynchronous
across each retina, and its extent varied among different animals,
thus limiting the usefulness of this approach. Jimeno D [30] used
Cre–loxP mutagenesis to test for motor transport by kinesin-2 in
photoreceptor cells. However, our objective of this study is to
establish a robust expression of Rho–Cre transgenic mice. Trans-
genic mice that specifically express Cre in retina were obtained,
and a cross with these mice induced rod cell-specific DNA recom-
bination in mice, carrying a reporter for loxP-dependent DNA
excision. The occurrence of Cre/loxP-mediated recombination
was unique in retina tissues by means of X-gal staining. The vari-
ability between transgenic lines has been obviously reduced by
flanking a tyrosinase minigene with tandem copies of the chicken
b-globin 5HS4 insulator, the most characterized vertebrate
element, which also reduced the number of transgenic founders re-
quired here [31]. Insulators are DNA sequences that can function as
directional blocking elements either by interfering with promoter
enhancer interactions when positioned in the intervening se-
quence or by reducing position effects imparted on transgenes
when flanking the integrated transcription units[32–35]. By using
site-specific recombinases, a recombination plasmid pNCHS4
Rho–NLS–cre were generated and specific Cre activity were ob-
served. Transgenic mice that performed Cre in rod photoreceptors
were obtained. The result shows a practicable process to create
recombinase trans-genes expressing at high levels in rod photore-
; S, spleen; Lu, lung; K, kidney; B, brain; T, testis; R, retina; C, choroid; Le, lens; M,
Control mice and water alone (�) were negative.



Fig. 4. Distribution of b-galactosidase in the retina of Rho–Cre mice. Retina sections from Rho–Cre mice and control mice were histochemically analyzed for the presence of b-
galactosidase by staining with X-gal.
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ceptors, which would be useful for the study of various protein
functions specific works in photoreceptor cells.
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