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Lentiviral vectors are an effective method of introducing transgenes into the genome of early stage 
embryos because they transduce both dividing and non-dividing cells. Lentiviral pseudoparticles 
containing the coding sequence for the fluorescent protein DsRed were injected into freshly laid leopard 
gecko eggs. Tissue samples were collected from hatchlings, and the samples were tested for the 
presence of the transgene. Of the injected gecko population, greater than 89% of efficiency of 
transgenesis was confirmed using polymerase chain reaction (PCR). Histological evaluations revealed 
the presence of DsRed 2 in injected gecko organs; with protein production concentrated in the muscle, 
kidney, and heart.  Therefore, lentiviral vectors appear to be viable technology to create transgenic 
geckos. 
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INTRODUCTION 
 
Lentiviruses are used in biotechnology to integrate 
foreign DNA into a host genome, facilitating foreign gene 
expression (Pfeifer, 2004).  Lentiviruses belong to the 
family of retroviruses, but unlike most retroviruses, they 
transduce both dividing and non-dividing cells in vivo 
(Cockrell and Kafri, 2007). Some of the first lentiviral 
vectors used for transgenesis were products of the 
Human Immunodeficiency Virus (HIV) family, consisting 
of three vectors coding for viral particle generation 
(Pfeifer, 2004; Nakagawa and Hoogenraad, 2011). 
Development of Feline Immunodeficienty Virus (FIV) 
based lentiviral vectors began partly because FIV does 
not cause human infection since it is a virus that attacks 
the immune system of cats. FIV based vectors have been 
used to transduce nondividing and dividing cells of the 
brain, eye, airway, hematopoietic system, liver, muscle, 

and pancreas (Wang et al., 1999; Loewen et al., 2001; 
Curran and Nolan, 2002; Curran et al., 2002; Derksen et 
al., 2002; Price et al., 2002; Stein and Davidson 2002).   

Fluorescent proteins (FPs) occur naturally in organisms 
of four phyla (Cnidaria, Ctenophora, Arthropoda, and 
Chordata) including jellyfish, crustaceans, comb jellies, 
and chordates (Shagin et al., 2004; Deheyn et al., 2007; 
Haddock and Case, 1999; Chudakov et al., 2010).  
DsRed, a 28-kDa red homologue of the fluorescent 
protein GFP, was isolated from the Discosoma species of 
coral (Matz et al., 1999). The DsRed fluorescent protein 
has a 583 nm emission wavelength within the visual 
spectrum (Sakaue-Sawano et al., 2008; Strack et al., 
2010). Since a fluorescence light source is not required to 
observe DS Red, it is the best candidate fluorochrome for 
generating transgenic reptiles. 
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Transgenic reptiles can be useful tools for a variety of 
applications. Similar to transgenic fluorescent frogs (Fini 
et al., 2009), and fish (Gong et al., 2001) fluorescent 
transgenic reptiles can be used to test toxic, teratogenic, 
and/or oncogenic agents. Transgenic reptiles could also 
potentially be used as indicators of pollution (Carvan et 
al., 2000; Gong and Wan, 2001). Reptiles are utilized as 
test subjects for the identification of reptile repellents. 
Fluorescent transgenic reptiles can be useful when an 
experimental repellant is sprayed directly onto the reptile, 
and the behavior of a fluorescent reptile can be more 
easily monitored than a wild-type snake. Lastly, the 
gecko embryo is amiable to manipulation in much the 
same way that the chick embryo is amiable for 
manipulation (Borwornpinyo et al., 2005) making it 
possible to inject cells from the transgenic geckos into 
wild-type geckos to analyze cell fate and plasticity in the 
embryonic environment.  

The objective of this study was to achieve lentiviral 
mediated Eublepharis macularius transgenesis. Leopard 
geckos are produced in large numbers because they are 
easy to manage in captivity (Thorogood and Whimster, 
1979; Wise, 1997; de Vosjoli et al., 2005; Wise et al., 
2009).  Because of the leopard gecko’s popularity, cap-
tive bred lines are available negating the need to obtain 
wild caught individuals. Captive bred lines of leopard 
geckos also demonstrate a range of morphological 
differences including pattern variations such as jungle, 
striped, patternless, and color variations such as 
tangerine, white, lavender, melanistic, amelanistic, and 
leucistic (de Vosjoli et al., 2005). In previous studies, 
leopard geckos have been used as models for 
reproductive physiology, central nervous system develop-
ment, tissue regeneration, and studies of gene expres-
sion (Whimster, 1978; Bull, 1987; Valleley et al., 2001). 
Leopard geckos were chosen as the species for 
transgenesis because of their general hardiness, captive 
bred genetic lines, and lastly because their eggs are soft 
shelled and measure 25 x 12 mm on average making 
them attractive for injection of lentiviral particles into the 
embryos.  
 
 
MATERIALS AND METHODS 
 
Lentivirus production 

 
The lentiviral vector chosen for transgenesis was pCDF1 from 
System Biosciences (Mountain View CA): a derivative of Feline 
Immunodeficiency Virus (FIV) requiring packaging plasmids for viral 
production. The gene isolated for transgenesis was DsRed 2 from 
the plasmid pCAG-DsRed (Addgene, Cambridge MA), driven by the 
chicken beta actin promoter with a cytomegalovirus (CMV) 
enhancer. A replication defective lentivirus was generated using 
system biosciences PEG-it kit (Mountain View, CA). The CAG-
DsRed construct was ligated into pCDF1, a lentiviral vector derived 
from FIV (Figure 1). Subsequently, the plasmid was transfected into 
HEK  293  cells. Viral  pseudo-particles were collected,  frozen,  and  
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Ftitered using NIH 3T3 cells. Cultures exhibited titers averaging 
1.6x10

6 
TU/mL. 

 
 

Gecko egg injection 
 
Gecko eggs were supplied by the Gourmet Rodent INC. (Jonesville, 
FL).  All procedures involving animal were approved by the NC 
State Institutional Animal Care and Use Committee.  Geckos were 
killed for sampling by an overdose of sodium pentobarbital.   

Injection procedures were based upon methods developed for 
snake embryos (Mozdziak and Petitte, 2010). Gecko embryos at 

stage 29 of development (Wise et al., 2009) were illuminated under 
white light to ensure fertility and correct oviposition. Specifically, 
fiber optic lighting was applied to each end of a gecko egg to 
illuminate the embryo and associated vasculature. The egg was 
rotated until the embryo was visible. Subsequently, lentiviral 
particles were applied to gecko embryos by inserting a 27-gauge 
needle below the blood ring of the developing embryo and injecting 
~200 μl of lentiviral supernatant containing 100 μg/mL polybrene 
directly into the embryo. Care was taken to ensure that the viral 
supernatant covered the entire embryo. Upon removal of the 
needle, liquid cement was immediately applied to seal the hole. 
Eggs were incubated in soaked Perlite (The Scotts Company, 
Marysville, OH) at temperatures between 27-31° C. Control (CNTL) 
and injected (INJ) eggs hatched after approximately 30 days of 
incubation.  To ensure that helper retrovirus was not present in the 
INJ embryos, INJ geckos were macerated and applied to NIH 3T3 
cultures in the presence of polybrene, which were observed 2 days 

later.  No positive cells were observed. 
 
 

Gecko observation 
 
Immediately after hatching, geckos were observed using a Night 
Sea DFP-1 Dual Fluorescent Protein flashlight (Bedford, Ma). 
Pictures of the INJ geckos were taken using a Canon Rebel digital 
camera (Pleasant Prairie, WI). 
 
 

Polymerase chain reaction 

 
DNA extraction materials 
 

DNA was isolated from 9 INJ geckos and 5 CNTL geckos. Bodies 
were divided in half; the caudal half, from below the liver to the tail, 
was digested using the QIAGEN DNA Easy kit (Valencia CA) and 

analyzed using PCR, the dorsal half was preserved for histological 
evaluations.  Samples were macerated, cells were lysed, and DNA 
was extracted. DNA concentrations were evaluated by measuring 
absorbance at 260 nm, and the purity of the DNA was evaluated 
using the 260/280 ratio. Absorbance was measured using a 
Thermo Scienific nanodrop (Wilmington, DE). PCR was performed 
on the 9 gecko DNA samples to evaluate presence of DsRed 2 
DNA in the samples.  Primer sequences are listed below: 711F: 

CTG- GGC-AAC-GTG-CTG-GTT-ATT-GTG; 711R: CGT-TGT-

GGG-AGG-TGA-TGT-CCA-GCT; 169F: TAC-GGC-TCC-AGG-
GTG-TAC-GTG-AA; 169R: TCA-CCT-TGT-AGA-TGA-AGC-AGC-

CGT 

PCR reactions were executed using PROMEGA GoTaq Green 
Master Mix (Madison, WI). 10 μM forward and reverse primers, and 
1 μg sample DNA and an annealing temperature of 62-65°C was 
used for all primers.  Appropriate temperatures were achieved using 
a Bio-Rad MJ research Peltier Thermal Cycler 200 (Ramsey, 
Minnesota). DNA samples were amplified using primers that were 
expected to generate a 711 bp fragment of the DsRed 2 gene. PCR 
reactions were fractionated through a 1% agarose gel for
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Figure 1. Schematic representation of the lentiviral construct. The illustrated construct was cloned into 
pCDF- (Systems Biosciences (Mountain View CA). DsRed 2 is driven by the CAG promoter which consists 
of a cytomegalovirus (CMV) enhancer, and the chicken beta-actin promoter driving DsRed2 expression-  

 
 
 

Table 1. Hatchability of injected (INJ) and intact control geckos (CNTL). 

 

Parameter  Viable offspring Total embryos % Hatchability 

INJ gecko embryos 41 112 36.6 

CNTL gecko embryos 14 20 70 

Total gecko embryos 55 132 41.6 

 
 
 
examination. Bands indicative of positive results were excised from 
the gels and purified using a Qiagen Gel Purification kit (Valencia, 
CA). Wild-type negative control DNA and water-only samples were 

included with every PCR reaction run to ensure that there was no 
cross-contamination among samples.  

Subsequently, the DNA was reamplified using DsRed 2 primers 
to amplify a nested 169 bp segment internal to the 711bp fragment.  
Specifically, the bands were excised from the agarose gels, and 
purified using a Qiagen Gel Purification kit (Valencia, CA), and the 
fragments were cloned into the pGEM-T easy (Promega, Madison 
WI) vector. Subsequently, the inserts were sequenced using both 

the SP6 and the T7 primer sets. (Eton BioScience, Durham, NC). 
All 169 bp were homologous to Ds Red2. 
 
 

Histological evaluation 
 

Anterior half of gecko samples were placed in an 80% PBS, 20% 
sucrose solution.  Samples were stored over night at 4°C.  A 2:1 
solution of 20%sucrose OCT media was prepared as an embedding 

medium (Tissue-Tek, Torrence CA). Gecko bodies were placed into 
dry embedding molds, which were filled with embedding medium.  
The mold was placed in a small container of methyl butane and 
floated over liquid nitrogen until the embedding media solidified.  

Ten micron thick sections were placed on glass slides and 
mounted in a glycerol based media containing 1 mg/mL p-
phenylenediamine (Swartz et al., 1990).  Coverslips were sealed 
with clear nail polish. A Leica DMR® microscope (Leica Micro-
systems, Bannockburn, IL, USA) with epifluorescence illumination 

and Differential Interference Contrast (DIC) optics was used to 
observe the tissue sections. 

RESULTS 
 
Hatchability and incubation 
 
Hatchability of the injected geckos was 36.6% versus 
70% in the CNTL group (Table 1).  
 
 
Visual screening 

 
25 Hatched INJ geckos were observed under fluorescent 
illumination using the Nightsea Flashlight.  Geckos 
exhibited mosaic of visual fluorescence. All exhibited 
DsRed 2 fluorescence (Figure 2).  

Qualitatively, the diges-tive system routinely exhibited 
DS Red 2 Fluorescence, and punctuate fluorescence was 
observed in the skin of the geckos. DsRed fluorescence 
was never observed in the skin or the organs of any 
CNTL geckos (Figure 2). 
 
 
PCR screening 

 
DNA samples were amplified using primers that would be 
expected to generate a 711 bp fragment (Figure 3A). 
Subsequently, the 711 bp band was amplified using PCR  
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Figure 2. Wild-type Control (CNTL; A) and Injected (INJ; B, C) gecko hatchlings viewed 

under fluorescent illumination.Arrow heads indicate organ fluorescence; arrows indicate 
punctate fluorescence spots in skin. Scale bar is 1 cm. 

 
 
 

A 

  
 
Figure 3A. 711 Amplification products From DsRed primers and DNA from  intact (CNTL) and injected 

gecko embryos (INJ) DNA. Lane 1, 1kb ladder; Lane 2, H2O control; Lane 3, CNTL gecko DNA; Lane 
4, INJ gecko embryo 1; Lane 5, INJ gecko embryo 2; Lane 6, positive control DNA from DsRed 2 
transfected 3T3 cells.  

 
 
 
primers internal to the 711 band (Figure 3B). Injected 
gecko DNA was tested for presence of the DsRed 2 gene 
using 711 primers.  Out of the INJ population, 9 samples 
of DNA were randomly selected for PCR testing.  Out of 
the nine tested, eight were found to be positive using 
nested PCR.  An 89% overall success rate for success of 
the presence of the gene was achieved. 
 
 
Microscopy 
 
Tissue sections were examined for DsRed fluorescence 
under a Texas Red filter using a 40x objective (Figure 4) 
and a 20x objective (Figures 5, 6 and 7). Tissues 
observed to be positive for DsRed expression were 
muscle, kidney, heart, and brain. 
 
 
DISCUSSION 
 
A single injection of retroviral particles carrying the lacZ 
gene to chicken eggs was an efficient method of 

transgenesis; producing more transgenic chickens than 
using multiple viral injections (Mozdziak et al., 2003). The 
difference in hatchability between INJ and CNTL geckos 
may be explained by the injection procedure.  Insertion of 
viral particles into an embryo has been shown to lower 
hatchability. When similar procedures were performed on 
chicken embryos, fully intact eggs had 67.9% 
hatchability, and eggs where a small injection hole was 
made, hatchability was 56.8% (Bednarczyk et al., 2000).  
When injecting concentrated retroviral particles into 
freshly laid chicken egg, the hatchability dropped to 
below 30% (Harvey et al., 2002). The hole in the shell 
also opens the embryo to a greater possibility of infection 
from mold and bacteria, and makes the embryo more 
subject to temperature and humidity fluctuates.  Embryos 
can also be damaged physically from a piercing from the 
needle causing malformations.  The success of lentiviral 
transgenesis is reliant on the high titer of virus, and 
availability of the virus to the embryo (Gama Sosa et al., 
2010).  

It is likely that only a single insertional event occurred 
by employing the lentiviral vector (Mozdziak et al., 2006).
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Figure 3B. 169 Amplification of injected and intact gecko DNA from excised 711 gel bands. Lane 1, 1kb ladder; 

Lane 2, H2O control; Lane 3, Intact gecko DNA; Lane 4, Injected gecko I; Lane 5, Injected gecko 2; Lane 6, 
Positive control DNA from DsRed 2 infected 3T3 cells. 

 
 
 

 
 
Figure 4. CNTL (A, B) and INJ (B, D) gecko muscle viewed with direct light/DIC optics (A, C) and 

fluorescence illumination through a Texas Red filter set (B, D).  Schematic in panel A illustrates 
plane/orientation of section. Images represent skeletal muscle from the tail. Scale bar is 30 μm.  



 
Hull et al.         1075 

 
 
 

 
 
Figure 5. CNTL (A, B) and INJ (C, D) gecko cranial tissue viewed under direct light/DIC optics (A, C) and 

fluorescence illumination through aTexas Red (B, D) filter set. Schematic in panel A illustrates plane/orientation of 
section. Scale bar is 30 μm. 

 
 
 
PCR analysis was chosen over Southern analysis 
because PCR is a more sensitive methodology. 
Specifically, a successful Southern blot requires 
approximately 20 µg of DNA to generate a detectable 
signal whereas a PCR reaction requires less than a 
single microgram (Echelard, 1997; Mozdziak et al., 
2006). 

The DsRed 2 gene was driven by the CAGpromoter 
(Figure 1), which results in protein production in the skin, 
liver, brain, heart, kidney, spleen and lung tissues (Lois et 
al., 2002; Fahim et al., 2009). The digestive organs 

routinely exhibited DS Red fluorescence, while negative 
control wild-type geckos did not exhibit any signal (Figure 
2), which correlates with other transgenic studies 
suggesting that lentiviral transgenesis results in robust 
digestive system expression (McGrew et al., 2004). 
Punctate staining was observed at variable locations on 
the skin of hatched geckos, but was never observed in 
the skin of negative control geckos. Mosaic gene 
expression and insertion is expected in the G0 founder 
animals (Mozdziak and Petitte, 2004) making the 
observation unsurprising that the first round of PCR 
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Figure 6. CNTL (A, B) and INJ (C, D) gecko cardiac muscle viewed under direct light/DIC optics (A, C) and 

fluorescence illumination through aTexas Red (B, D) filter set.  Schematic in panel A illustrates plane/orientation of 
section. Image represents cardiac tissue. Scale bar is 30 μm.       

 
 
 
amplification was not robust. In G0 animals, the lentiviral 
construct does not likely infect every cell in the embryo. 
However, the second round of PCR amplification with 
internal primers further substantiated the initial 
amplification results; and PCR fragments were confirmed 
via DNA sequencing. All amplification procedures were 
repeated three separate times, and great care was taken 
to ensure that there was no cross-contamination in any of 
the reactions before a positive result was accepted. 
Furthermore, the PCR results were correlated with the 

visual expression results suggesting DsRed 2 gene 
transfer to the embryos through lentiviral transgenesis.  

DsRed transgenic proteins were observed in muscle, 
heart, kidney, liver, and brain. The distribution of DsRed 
expression is similar to studies of GFP lentiviral 
transgenic mice, where the expression of transgenic 
proteins was found in all tissues and organs analyzed 
including, skin, bone, muscle, lung, liver, stomach, 
intestine, kidney, brain, retina and gonads (Lois et al., 
2002; Wiznerowicz and Trono, 2005). Punctate staining 
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Figure 7. CNTL (A, B) and INJ (C, D) gecko kidney tissue viewed under direct light/DIC optics (A, C) and 

fluorescence illumination through aTexas Red (B, D) filter set.  Schematic in panel A illustrates 
plane/orientation of section. Image represents kidney tissue. Scale bar is 30 μm.  

 
 
 
was observed in tissue sections, which may result from 
DsRed protein aggregation. For the purposes of showing 
proof of concept to generate transgenic geckos, 
punctuate staining was not problematic. Lentiviral 
transgenesis is a forthcoming method of creating 
transgenic lines. Expressing transgenic F1 progeny have 
been produced in mice using a similar method of lentiviral 
transduction (Nakanishi et al., 2002; Lois et al., 2002).  
Leopard geckos reach breeding age after approximately 
2 years, or when they reach 40 g (de Vosjoli et al., 2005). 
Although germline transmission to the F1 generation was 
beyond the scope of the current study because of the 

long interval between generations, it is possible that 
successful germline transmission will occur, based upon 
the success  in other species (Marsh-Armstrong et al., 
1999; Lois et al., 2002). The present study is the first to 
demonstrate that lentiviral vectors can insert DNA into the 
genome of reptiles, and transgenic protein can be 
expressed. Little is known about the gene function, cell 
signaling, growth and development of reptiles compared 
to other species. The methods reported in this manuscript 
may lead to studies of promoter function, small interfering 
RNA knockdown of protein expression, and gene function 
to unlock the mechanisms governing reptile biology.  
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Furthermore, transgenic reptiles carrying reporter 
genes are useful tools for developmental biologists 
because the cells can be used to study the mechanisms 
of cell migration, differentiation, and cell fate in the same 
way that transgenic chickens can be employed to learn 
about avian development (Mozdziak and Petitte, 2004). 
The present results will unlock a new range of technology 
that can be employed to further understand the reptilian 
system. 
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