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Abstract
Objective: To produce bovine transgenic embryos by microinjection of a lentiviral vector with the eGFP gene as a marker. 
Methods: Four treatments were designed: T1=Control: fertilized in vitro (FIV) with cumulus-oocyte complexes (CCOs), cul-
tivated in CR2 medium with 10% FBS and incubated at 38.5°C in an atmosphere of 95% humidity and 5% CO₂. T2=Control 
of culture medium: CCOs removed by vortex in the presence of hyaluronidase, FIV, grown in SOF medium in hermetic bag, 
with a gaseous mixture of 5% CO₂, 5% O₂ and 90% N₂ and humidity saturated at 38.5°C. T3=Microinjection control: CCOs 
removed microinjected with TALP medium, FIV and cultured under the same treatment conditions T2. T4=Microinjected 
with the lentivirus: CCOs removed microinjected with the lentiviral vector and FIV and cultured in the same conditions of 
the T2 and T3 treatments. The rate of development of blastocysts at day eight and the expression of the eGFP gene were 
evaluated.  Findings: No significant statistical differences were found (p> 0.05) in the production of blastocysts at day 
eight, between treatments T1, T2, and T3. The percentage of blastocysts found in the T4 treatment was significantly lower 
(p <0.05) than in the other treatments. All embryos obtained in T4 expressed the transgene of interest. Application / 
Improvements: It is concluded that the culture conditions used were adequate for T1, T2 and T3, added that the microin-
jection with the lentiviral vector influences in some way the embryonic development, although, the technique was highly 
efficient for obtaining transgenic embryos.

1. Introduction
Genetically Modified Organisms (GMOs) or transgenic 
organisms are organisms that by human action have DNA 
sequences of another species inserted in their genome1. 
The gene that is introduced basically, is a construction that 
contains the promoter and coding region of the protein 
of interest, this fragment is commonly called a transgene 
and can be of animal, bacterial or plant origin2,3. Therefore 
the transgenic term is defined as the introduction, altera-
tion or inactivation of a gene sequence in the genome of 
multicellular organisms, these changes being capable of 
being transmitted to the progeny2.

Transgenic Animals (TA) can be used for the 
production of recombinant human proteins, xenotrans-
plantation, in vivo study of the function of a gene during 
organogenesis, development, and aging; the generation of 
experimental models in animals for the knowledge of the 
mechanisms involved in the development of diseases, as 
well as the study of therapeutic strategies in models of dis-
eases in humans4–6. In animal production, this technique 
supports breeding programs with rapid multiplication 
of animals with desirable characteristics and economic 
interest7.

Among the different biotechnical manipulation, 
several methods can be used for the generation of TA8, 
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among them: pronuclear microinjection9, DNA transfer 
mediated by sperm, nuclear transfer from transfected 
somatic cells (SCNT)10 pronuclear DNA microinjection11, 
microinjection of transposons13, and the retroviral vec-
tors4.

When retroviral vectors are used, lentiviruses are the 
most used4, especially those developed from the genome 
of the Human Immunodeficiency Virus type-1 (HIV-1) 
since they do not possess the viral genes, in order to mini-
mize the risk of virus formation by competent replication, 
by eliminating dispensable genes for the gene transfer of 
the virus, such as the Vpu gene, and the activation of the 
promoter regions in the viral genome (LTR 5’)14. Thus, 
retroviral vectors are obtained by replacing the trans 
sequences, that is, the three viral genes (gag, pulg and env) 
are replaced by one or more genes, whereas, the set of cis 
sequences, that is, the necessary regulatory sequences for 
encapsulation (sequence ψ), reverse transcription (PBS, 
R, PPT) and gene expression (LTR) are retained in this 
process4,15.

One of the most used transgenes is the Green 
Fluorescent Protein (eGFP) derived from the jelly-
fish Aequorea victoria16 that has been widely used as a 
marker gene in transgenic animals since it shows a stable 
expression in mammalian cells, which can track in situ 
quantitatively or qualitatively and non-invasively17.

The first transgenic animals generated using lentiviral 
vector technology were developed by18, in this research 
the authors suggest that the injection of lentiviral vec-
tors derived from the human immunodeficiency virus 
(HIV-1) in the perivitelline space of fertilized oocytes 
could increase significantly the production efficiency of 
transgenic animals. Then, the comparison of the classic 
DNA microinjection technique with the transfer of genes 
in a lentiviral vector resulted in a four to eight times the 
higher rate19. Today the technique has been massed to dif-
ferent animals13, although, there are still some limitations 
to the use of lentiviruses, especially when it is necessary 
to use high viral titers, since the lentivirus must surpass 
the zona pellucida (ZP) of the embryo and the extracellu-
lar glycoprotein matrix that confers external protection to 
the embryo20 even against infectious agents21. However, in 
this case, the ZP ends up acting as a physical barrier that 
prevents the penetration of the lentivirus20. Therefore, 
the preferred method for the injection of viral particles is 
within the perivitelline space (subzonal injection) allow-
ing the virus to overcome the membrane of the oocyte 
or the zygote. What makes necessary sophisticated 

equipment for subzonal injection (inverted microscope, 
manipulators, and microinjectors)20.

The objective of this study is to produce bovine trans-
genic embryos by microinjection of a lentiviral vector that 
carries the eGFP gene as a marker in mature oocytes.

2. Materials and Methods

2.1 Collection of the Ovaries and 
Manipulation of the Oocytes
In this investigation, 360 ovaries were collected in bovine 
females, without defining the breed in a different phase 
of the estrus cycle, slaughtered in a cold storage facility 
located in the city of Juiz de Fora, Minas Gerais, Brazil. 
Immediately after sacrifice and evisceration, the ova-
ries were removed and immersed in a thermal carafe 
with physiological solution (0.9% NaCl) increased with 
streptomycin sulfate (0.05 g/L), at a temperature between 
35-38°C. At the end of the collection, the ovaries were 
transported to the animal reproduction laboratory in 
a maximum time of thirty minutes. The ovaries were 
washed with physiological solution, previously placed in 
a water bath at 37°C; the ovarian follicles (≤10 mm) were 
suctioned with a syringe. The follicular fluid was deposited 
in a conical calyx, at a temperature of 37°C. Once decant-
ing of the oocytes occurred, they were resuspended in 
TALP-HEPES medium, after removal of the supernatant 
fluid and transferred to Petri dish, on the heating plate at 
37°C and then classified morphologically, according to22. 
Only immature oocytes classified as cells of compact acu-
mulus and with at least three cell layers were transferred 
to a third Petri dish containing TALP-HEPES medium, 
and subsequently used in the experimental procedures.

2.2 In vitro Maturation (IVM)
We used 834 immature oocytes, which were matured in 
TCM 199 medium (Tissue Culture Medium 199) (Gibco/
Invitrogen) supplemented with FSH (Follicle Stimulating 
Hormone) (20 µg/ml) and cow serum in heat (10%). The 
maturation was carried out in groups of 50-60 structures, 
deposited in plates Nunc (Thermo Scientific, Cat.176740) 
of four wells, containing 400μl of maturing medium pre-
viously balanced for at least two hours in cell culture 
incubator at 38.5°C with an atmosphere of 95% humid-
ity, and 5% CO₂. The oocytes were cultured under these 
conditions of temperature and atmosphere for 22 to 24 
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hours. After being matured, they were distributed in four 
treatments.

2.3 Treatments
Four treatments were designed, as follows: T1 = Control: 
Fertilized in vitro with cumulus-oocyte complexes (CCOs) 
with a concentration of 1x106 spermatozoa (SPTZ)/ml, 
cultured in CR2 medium enriched with 10% FBS and 
incubated at 38.5°C in an atmosphere of 95% humidity 
and 5% CO₂. T2 = Control of culture medium: Cumulus 
cells removed by vortex in the presence of hyaluronidase, 
fertilized in vitro with a concentration of 1x106 sperma-
tozoa (SPTZ)/ml, grown in SOF medium in aluminum 
sachets with a gas mixture of 5% CO₂, 5% O₂ and 90% N₂ 
and saturated humidity at a temperature of 38.5°C. T3 = 
Microinjection control: Cumulus cells removed by vor-
tex in the presence of hyaluronidase, microinjected with 
TALP medium and then fertilized in vitro at a concentra-
tion of 1x106 spermatozoa (SPTZ)/ml, and cultured under 
the same treatment conditions T2. T4 = Microinjected 
with the lentivirus: Cumulus cells removed by vortex in 
the presence of hyaluronidase microinjected with the len-
tiviral vector and then fertilized in vitro at a concentration 
of 1x106 spermatozoa (SPTZ)/ml, and cultured under the 
same conditions of the T2 and T3 treatments.

2.4 Lentiviral Vector
The lentiviral vectors were produced by transient trans-
fection, using four plasmids: the packaging plasmid 
(pMDLg / pRRE), which encodes the envelope protein 
(pMD2.G), the plasmid that encodes the Rev protein 
(pRSV-Rev) (Addgene, USA) and the plasmid containing 
the transgene (pLGW).

Cell lineage HEK-293F (ATCC CRL 1573) cultured 
in DMEM medium was used more than 10% FBS until 
reaching the 80% confluency state. Transfection with the 
lentiviral vectors was performed with a mixture contain-
ing the four plasmids, in concentrations of 6μg of DNA 
from each of the structural plasmids (pMDLg / pRRE, 
pMD2.G, and pRSV-Rev) and 12μg of the plasmid of 
interest (pLGW).

Two mixtures have been prepared separately: a mix-
ture of 18 mM polyethyleneimine (PEI, Sigma) plus 5% 
glucose and another mixture of plasmid DNA plus 5% 
glucose. The ratio of 1μL of PEI (with pH adjusted to 7) 
per 1μg of DNA was used. The two mixtures were vor-
texed for one minute and left to rest for 5 minutes, then 

both mixed and put into vigorous vortexing, all the con-
tents were kept at rest for 10 minutes, during which time 
a new one was made. Medium exchange without SFB. 
1mL of DMEM without SFB was added to the mixture 
and, after homogenization, all the contents were added to 
the culture bottle. After 6 hours of transfection, SFB was 
added to the medium to obtain the concentration of 10%. 
After 48 hours, the culture medium was centrifuged at 
25000 rpm for 1.5 hours at 4°C. The lentivirus pellet was 
resuspended in 100μL of DMEM without SFB and frozen 
at -80 ° C until used.

2.5 Microinjection of Oocytes Pre-
Fertilization with Lentiviral Vector
After in vitro maturation, cumulus cells were removed from 
the oocytes by the addition of 0.1% hyaluronidase in vortex 
mechanical agitation for five minutes. Next, the tubes con-
taining the naked oocytes were washed with TALP-HEPES 
medium. The evaluation of the nuclear maturation of the 
oocytes was made by observing the polar corpuscle using 
a stereoscope (Nikon SMZ 645), being those considered 
suitable and randomly distributed in the treatments. The 
oocytes were again washed in TALP medium and kept in 
drops of 20μl of the medium covered with mineral oil until 
the moment of microinjection.

The injection of the TALP medium and the lentiviral 
vector into the perivithelium space (subzonal) was done 
by direct observation in an inverted microscope (Axiovert 
135M, Carl Zeiss) equipped with a hydraulic microma-
nipulation system (Nikon Narishige NT-88V3), connected 
to a microinjection system. The oocytes were immobilized 
with the fixation pipette and, with the loaded micro-needle; 
subzonal microinjection was performed with the TALP 
medium or with the solution containing the lentiviral 
vector, as appropriate. During manipulation, the zona pel-
lucida expanded immediately, and the microinjection was 
considered successful when the zona pellucida grew visibly. 
After the injection of the TALP or the subzonal lentivirus, 
the oocytes were washed three times in TALP medium and 
again transferred to the TCM medium. During this period, 
the oocytes from the control treatments (not microin-
jected) remained in the TCM medium.

2.6 In vitro Fertilization (IVF)
The control and microinjected oocytes were transferred to 
fertilization drops with 100μl of FERT-TALP medium plus 
10UI/mL of heparin (Sigma), under mineral oil (approxi-
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mately 20 oocytes/drop). For fecundation, bull semen from 
the Gir breed was used, previously evaluated in terms of 
vigor, motility, and concentration. Only doses with motility 
equal to or greater than 50% and vigor at minimum 3 were 
used, so that throughout the experiment the same batch of 
semen from the same bull was used. The semen was thawed 
in a maria bath at 37ºC for 30 seconds, the spermatozoa 
were processed by the Percoll gradient method (Nutricell) 
with the concentrations of 90% and 45% for separation 
of the motile spermatozoa in centrifugation, besides the 
removal of the diluent and seminal plasma. The Percoll 
gradient was previously prepared and stabilized in the incu-
bator for 15 minutes before use. The semen was diluted, 
with a concentration adjusted to obtain a fertilizing dose of 
1x10⁶ sperm/mL, and transferred to the fertilization drops 
(100μl of FERT-TALP medium). The IVF process was car-
ried out for 20 hours in a cell culture incubator, under the 
same conditions of oocyte maturation. The concentration 
1x10⁶ sperm/mL was used because the cells of the cumu-
lus were removed from the oocytes and by the procedure 
of the perforation of the ZP before fertilization, so it was 
sought not to cause a polyspermy.

2.7 In vitro Culture (IVC)
After fertilization, the presumed zygotes were removed 
from the drop of fertilization, washed in TALP-HEPES 
medium, and divided into two culture plates, where one 
was the control and the other the treatments.

In the T1 treatment, the supposed zygotes were sub-
jected to the nakedness with the help of a pipettor and 
washed in TALP medium. The culture was carried out 
in drops of 50μL of CR2 medium plus 10% SFB under 
mineral oil, distributed in Petri dishes of 10x35mm. 
The culture was performed in a cell culture incubator at 
38.5°C, 5% CO2 and 95% relative humidity.

The IVC of the T2, T3 and T4 treatments was per-
formed in Nunc-type four-well plates containing 500μL of 
SOF medium supplemented with 2.5% FBS, under min-
eral oil, in groups of 30-40 structures in each well. During 
the whole culture, the plates containing the embryos were 
placed airtight bag (Aluminum Sachet) containing a gas-
eous mixture of 5% CO₂, 5% O₂ and 90% N2 and saturated 
humidity, maintained at a temperature of 38.5°C.

2.8 Evaluation of Embryonic Development
The embryo production rate and the quality of the 
embryos were evaluated on the eighth day of culture 

(D8), using a stereoscope (Nikon SMZ 645), following 
the parameters described by the International Embryo 
Transfer Society (IETS). (Stringfellow e Seidel, 1998). 
The rates were evaluated under an experimental model 
of randomized complete blocks with five repetitions per 
treatment. The averages of each treatment were compared 
by the Ducan test at 5%.

2.9 Evaluation of eGFP Gene Expression
The evaluation of eGFP gene expression was performed 
visually, in blastocysts, by means of exposure to white and 
ultraviolet light in stereo microscope (Nikon, SMZ800, 
450-490 nm filter) or fluorescence microscope (Motic, 
BA400, filter 465-495 nm). In the blastocysts microin-
jected with the lentiviral vector, the percentage of the 
expression of the eGFP gene was estimated and the rela-
tive position of the fluorescence presentation was noted.

3. Results and Discussion
The blastocyst production rates found at D8 among the 
four treatments are presented in (Table 1) significant 
statistical differences were found (p>0.05) between the 
controls (T1, T2 and T3) but, if between the controls and 
T4 (microinjected with the lentiviral vector).

The blastocyst rates found between T1 (21.43%) and 
T2 (16.23%) (p>0.05) confirm that the atmospheric con-
ditions and the culture medium used do not interfere with 
the production of blastocysts, thus, the variations found 
can be attributed to the self-development of embryos.

The rate of blastocysts in T3 was slightly higher than 
T2 (p> 0.05), which suggests that the microinjection 
method used in this investigation that includes perfora-
tion of the zona pellucida does not cause damage or affect 
embryonic development.

Only 5.26% of the oocytes treated in T4 developed 
until blastocyst on day eight, this percentage was signifi-
cantly lower than the treatments T1, T2, and T3 (Table 1). 
This indicates that microinjection with the lentivirus neg-
atively affects embryonic development, perhaps due to 
some factor that causes a deleterious effect on the expres-
sion of genes involved in embryonic development23.

Using the same technique of microinjection and len-
tiviral vector, a blastocyst rate of 22% was obtained19. A 
rate of 21% is presented by24 by microinjecting a retroviral 
vector of the Mo-MLV virus containing the envelope gly-
coprotein G (VSV-G) inoculated into the perithelial space 
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of the oocytes. In other species, the rates of blastocyst for-
mation are 76% in macaque embryos microinjected with 
the Mo-MLV virus that contained the eGFP gene in the 
perivitelline space23. In pigs, a blastocyst production rate 
of 25% is reported by microinjecting a lentiviral vector in 
the perivitelline space25.

All the blastocysts obtained on day eight in the T4 
treatment expressed the eGFP gene (Figure 1). The high-
est fluorescence was evidenced in the trophectoderm as 
well as in the internal cell mass of the blastocyst, confirm-
ing that this method of microinjection of the lentivirus is 
efficient for the incorporation of a DNA fragment in the 
oocyte genome.

The use of vectors derived from simple retroviruses, 
such as murine leukemia virus, resulted in consider-
able increase in gene transfer rates. However, simple 

retroviruses are subject to epigenetic modifications, and 
eventually retroviral expression can be silenced dur-
ing embryonic development or shortly after birth23. In 
contrast, the use of lentiviral vectors resulted in high 
rates of transgenesis without revealing gene silencing19, 
they obtained 83% expression, and the transfer of these 
embryos resulted in four births. When comparing the 
efficiency of the lentiviral vectors derived from the feline 
immunodeficiency virus (FIV) and the human immu-
nodeficiency virus (HIV) carriers of the eGFP gene, we 
found that the expression in stage of eight cells was sig-
nificantly higher with the IVF than with HIV (47.5% and 
22.9%, respectively)26. On the other hand, on day 7 by 
fertilization the eGFP gene expression rate reached 93%, 
these embryos were produced by IVF with semen from a 
transgenic male (# 561, Jojo) with normal females27.

Table 1. Production of transgenic embryos through the method of 
microinjection of a lentiviral vector on day eight of culture

Treatment Culture 
conditions

Number 
of oocytes

Blastocysts to D8 Expressión 
of eGFP gene 
in embryonsO2 Medium Number %

T1 Ar 
atm.

CR2 308 66 21.42a 0

T2 5% SOF 191 31 16.23a 0

T3 5% SOF 145 26 17.93a 0

T4 5% SOF 190 10 5.26b 100%

Figure 1. Bovine embryos in blastocyst stage on the eighth day microinjection with a lentiviral vector. A: Light 
field micrograph at 100x magnification. B: Dark field micrograph at 100x magnification, during exposure to 
ultraviolet radiation in the fluorescence microscope.
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In other mammalian species, mouse embryos28 report 
95.5% transgene expression. In ovines17, using a lentivi-
rus, they found a 97.4% expression of the eGFP protein in 
embryos on day three, while, 28.6% is presented by29. In 
pigs, the expression rate of the eGFP gene varied between 
70-90%, using a procedure similar to the one presented 
here30. Variations in the transfer efficiency of the gene of 
interest may be due to the effect of the vector titers, virus 
injected volume23 and DNA methylation processes, which 
has been identified as a critical factor in the regulation of 
the generic expression31.

The nuclear maturation of the bovine oocytes involves 
the rupture of the nuclear membrane or germinative ves-
icle and the culmination of meiosis I until the expulsion 
of the second polar corpuscle, reaching the metaphase of 
the second meiotic division32–34. During the microinjec-
tion process, the lentiviral vectors come in contact with 
the chromatin, resulting in a higher probability of inte-
grating the reporter gene into the host’s genome before 
fertilization24. The above can explain the high percentage 
of transgenic embryos produced by this method.

To ensure that the infected embryonic cells are going 
to pass the transgenes to the daughter cells, the sub-
zonal injection was performed or as soon as possible, 
which increased the possibility of producing a birth of 
a transgenic animal, as suggested35, thus, the transgenic 
embryos, produced here, could generate transgenic ani-
mals. Additionally, this method emerges as an alternative 
to genetically modify animals more quickly and profit-
ably17,36.

The present study provides new evidence that lentiviral 
transgenesis is a very efficient technology for generating 
transgenic animals. When compared, for example, with 
pronuclear microinjection of DNA20,28,36,37 since, in rumi-
nants, visualization of the pronucleus is difficult.

Finally, the use of simple retroviruses in transgenesis 
processes can activate proto-oncogenes by their inser-
tion, which could be an initial factor for the conversion 
of a normal cell into a tumor cell28. Additionally, impor-
tant differences were found between the preferences of 
integration sites in the HIV-1 and MLV viruses, demon-
strating that they are preferably integrated into genomic 
regions surrounding the transcriptional initiation sites, 
especially in the promoter sequences38.

Therefore, the use of lentiviral vectors reduces the risk 
of activation of proto-oncogenes as compared to vectors 
derived from simple retroviruses39 . Additionally, the pro-
duction of high titers of lentiviral vectors does not require 

biosafety level confinements of more than two, even with 
potentially dangerous transgenes (HIV-1), due to the low 
volume required for microinjections17,20.

4. Conclusions
No significant statistical differences were found in the 
production of blastocysts between the control treatments 
and the microinjections with TALP medium, indicat-
ing that the culture conditions used were adequate. The 
percentage of blastocysts found in the treatment micro-
injected with the lentivirus was significantly lower than 
in the other treatments, which suggests that the vector 
influences in some way the embryonic development, 
however, all the embryos that managed to continue with 
their development expressed the transgene of interest, 
indicating that the technique used here is highly efficient 
for obtaining transgenic embryos.
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