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RESUMO.- [Experiências em clonagem e transgenia em 
bovinos.] Tecnologias de modificação genética têm se tor-
nado ferramentas essenciais para o desenvolvimento de 
biotecnologias animais. A clonagem animal mediante trans-
ferência nuclear de célula somática (TNCS) possibilitou a 
geração de animais geneticamente modificados através da 
utilização de linhagens celulares previamente modificadas 
e selecionadas como doadoras de núcleo, garantindo desta 
maneira a geração de rebanhos homogênoes expressando a 
modificação desejada. O presente estudo objetivou discutir 
o uso da TNCS como importante metodologia para a pro-
dução de rebanhos transgênicos, assim como experiências 
recentes na manipulação genética de células doadoras de 
núcleo e possíveis efeitos da indução gênica à pluripotência 
na TNCS.
TERMOS DE INDEXAÇÃO: Pluripotência induzida, tecnologia 
transgênica, transferência nuclear de célula somática, bovino.

INTRODUCTION
The technology of genetic engineering plays an important 
role on both basic and applied research, becoming an es-
sential tool for the understanding of the biology and de-
velopment of animal biotechnology. Such technology pre-
sents a wide range of applications, such as the production 
of biopharmaceuticals, studies on gene expression and its 
regulation, the improvement of animal production, as, for 
example, production of herds resistant to specific diseases, 
and many other biomedical and medical purposes (Jaenis-
ch et al. 1988, Houdebine 2005).

Over the last decades several techniques were develo-
ped in order to produce genetically modified animals, and 
three of them became more popular due to their simplicity 
and positive results: exogenous pronuclear DNA microin-
jection in zygotes, injection of genetically modified em-
bryonic stem (ES) cells into blastocysts, and, more recen-
tly, retrovirus mediated gene transfer (Gordon & Ruddle 
1981, Hammer et al. 1985, Gossler et al. 1986, Hofmann 
et al. 2003, 2004). Injection of ES cells into blastocysts is 
the most popular methodology of genetic manipulation in 
mice, once homologous recombination of ES cells in mice is 
feasible, allowing the contribution of modified cells in the 
embryos and therefore obtaining transgenic animals after 
breeding (Misra & Duncan 2002).

ES cells, however, have not yet been fully characterized 
in domestic or wild animals (Prelle et al. 2002, Keefer et 
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al. 2007), hindering its use on the production of transgenic 
herds.

As an alternative to the non-feasibility of ES injection in 
blastocysts, as well as to the low rates of births of transge-
nic animals after microinjection, the SCNT, most common-
ly known as cloning, has become a promising alternative 
to the generation of genetically modified animals, once 
enabling the use of somatic cells previously modified as 
genetic material donors. The association of SCNT with an 
efficient genetic engineering of donor cells allows, besides 
several other advantages, guarantees the production of mo-
dified animals without the occurrence of mosaicism when 
compared to other techniques such as pronuclear microin-
jection. In other words, 100% of born animals will harbor 
the desired modification (revised by Park 2007).

In the search of a higher SCNT efficiency, resulting not only 
in the increase on the number of produced cloned embryos in 
vitro, but mostly in the increase of the healthy animals born, 
recent strategies comprising the selection of cell lineages 
most prone to cell reprogramming must be investigated. The 
present manuscript aimed to show cloning as an important 
tool in the production of transgenic herds, to discuss some 
recent results from our group regarding genetic modification 
of nuclei donor cells, and also to propose a possible beneficial 
effect of genetic induced reprogramming on SCNT.

SOMATIC CELL NUCLEAR TRANSFER AS THE 
METHOD OF CHOICE FOR THE PRODUCTION OF 

GENETICALLY MODIFIED ANIMALS
SCNT comprises the removal of genetic material of an 
oocyte and its replacement with a donor cell nucleus deri-
ved from the animal to be cloned. More than 15 years have 
passed since the birth of the sheep Dolly, the first mammal 
cloned from the cells of an adult animal, however cloning is 
still an inefficient process. Of all cloned embryos transfer-
red into recipient cows, usually less than 5% may develop 
in a healthy animal (Wilmut 2002, Cibelli et al. 2007, Mei-
relles et al. 2010).

Although SCNT efficiency is still low, it is the technique 
that presents greater transgene expression stability in mo-
dified animals. The use of genetically modified nuclei do-
nors has been accentuated within the technologies used for 
the production of such animals, once it assures the develo-

pment on animal known already to be transgenic without 
the need of waiting until birth to check the presence and 
expression of the desired gene, as well as the exogenous 
gene integration position in the host genome (Bressan et al. 
2011, Monzani et al. 2013).

Transgenic cattle are not a novelty, and models of bio-
reactors producing recombinant proteins, or disease-resis-
tant animals, for example, resistant to bovine spongiform 
encephalopathy, have already been generated (Wongsrike-
ao et al. 2011). Also, the generation of several models for 
study has already gained its field; an example is the gene-
ration of cloned transgenic cattle for the study of the fetal-
-maternal interaction in cloned pregnancies (Pereira et al. 
2013).

Recently, Monzani et al. (2011, 2013) reported the pro-
duction of epithelial cell lineages derived from mammary 
gland expressing the recombinant human coagulation Fac-
tor IX (rFIX). The rFIX is an example of recombinant pro-
tein of biomedical interest which large-scale production 
would greatly benefit from bioreactor animals, once its 
expression and purification from in vitro cell cultures is ex-
pensive, and large-scale production is limited.

In the studies mentioned above, the lentiviral system 
was associated with SCNT for the production of modified 
animals. Lentiviral vectors harboring rFIX driven by bovine 
β-casein promoter were transduced, cells were selected via 
antibiotic resistance, seeded in extracellular matrix, hor-
monally induced to evaluate promoter efficacy and used as 
donor cells for SCNT. Transgenic embryo production was 
28.4% (percentage of embryos that developed into blas-
tocysts after 7 days of in vitro culture), similar to results 
found in our lab for the production of non-transgenic cloned 
embryos (data not shown). These embryos were transfer-
red to recipient cows (n=21) and 2 animals developed into 
term, however, were able to survive only for a few hours in 
extra-uterine period despite intensive neonatal care (Fig.1).

Another study recently conducted reported that the 
identification of the transgene insertion site on nuclei do-
nors cells prior to cloning may avoid the production of ani-
mals harboring undesirable characteristics due to possible 
positional effects, and more than that, may assure the pre-
sence of the transgene construction, and its expression, in 
the offspring (Bressan et al. 2011).

Fig.1. (A,B) Newborn cloned animals 1 and 2, respectively, receiving intensive neonatal care.
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In the study mentioned above, when embryo develop-
ment and establishment and maintenance of initial preg-
nancies were compared between embryos reconstructed 
with transgenic fibroblasts presenting random transgene 
insertion into the genome of cells (random insertion group) 
or known insertion sites (recloned group), the latter sho-
wed a higher embryo production (14.42 vs. 25.38%) and 
percentage of 30 days pregnancies (2.56 vs. 14.29%, res-
pectively). Further, the recloned group presented a more 
homogenous transgene (eGFP) expression within the fetu-
ses produced, leading to the conclusion that the use of cell 
lineages previously characterized regarding transgene ex-
pression and integration allows the generation of animals 
presenting stable and homogenous transgene expression, 
improving the production of transgenic herds.

Undoubtedly an important tool for transgenic technolo-
gies, SCNT also benefits from transgenesis, composing what 
may be informally called a “two-way highway”. Pereira and 
collaborators reported the use of a bovine cloned transge-
nic model expressing eGFP on the investigation of the me-
chanisms of fetal-maternal cellular interactions on bovine 
placenta (Figure 2, Pereira et al. 2013). Analysis of the pre-
sence and expression of the eGFP gene showed that the fetal 
DNA was found in the circulating blood of recipient cows at 
47d of pregnancy. Moreover, fetal protein and mRNA were 
analyzed by PCR, western blotting e immunohistochemistry 
and found in trophoblast and uterine tissues. The mecha-

nisms involved in fetal molecules transfer to the maternal 
system are yet not fully unraveled; hence, the proposed mo-
del should be fundamental to innumerous future studies.

CLONING WITH PRE-REPROGRAMMED CELLS: 
INDUCTION INTO PLURIPOTENCY IN CATTLE

Innumerous features may contribute to unstable results 
when producing cloned animals, and the selection of cell 
lineage as nuclei donor has been considered crucial to ob-
tain success in such production. Apparently, flaws on epige-
netic reprogramming of nuclei donors are the main cause 
of the low efficiency (Dean et al. 2001).

Evidences show that the use of undifferentiated cells 
for cloning may result in higher SCNT efficiency (Hiiragi 
et al., 2005) probably because its nucleus is in a more “re-
programmable” status. As mentioned before, the use of ES 
cells as nuclei donors leads to higher developmental rates, 
similar to those obtained in in vitro fertilized animals. Con-
versely, the use of cells derived from adult animals leads to 
low developmental rates.

Even though when donor cells derived from animals 
with the same age are used, differences exist on their abili-
ty to guide and maintain the development of the organism 
until term, probably in consequence of different properties 
or characteristics between cytoplasm, genome or epigeno-
me. Specific properties, molecules or mechanisms influen-
cing such “cellular reprogramability” (cell ability to be re-

Fig.2. Embryos on 7th day of in vitro culture. (A) Cloned embryos exposed to white light. (B) Cloned 
embryos exposed to fluorescence. 100x. (C,D) eGFP fluorescent bovine fetuses at 60 days of 
pregnancy inside amniotic membrane after hysterectomy. Bright field and fluorescence, respec-
tively. (Figure adapted from Bressan et al. 2011).
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programmed by the oocyte cytoplasm) are not yet totally 
understood.

The selection and reprogramming of cell lineages prior 
to the process of nuclear transfer may benefit the outcomes 
of SCNT. However, bovine cells derived from the inner cell 
mass of blastocysts are not able to maintain pluripotent 
characteristics when cultured in vitro, therefore its use in 
nuclear transfer procedures aiming large-scale cloned ani-
mal production, is still unavailable.

An elegant alternative regarding the use of undifferen-
tiated cells is the recent generation of induced pluripotent 
stem cells (induced pluripotent stem cells, iPS), which be-
came a major tool on the manipulation of cellular repro-
gramming in vitro. Whereas ES cells are not characterized/
maintained in vitro in farm animals, iPS cells (which are 
differentiated cells induced to pluripotency with the for-
ced expression of some pluripotency transcription factors, 
most commonly Oct4, Klf4, Sox2 and c-Myc – OKSM), sho-
wed great similarity regarding self-renewing and ability to 
differentiate into tissues from the three germ layers. Hence, 
iPS cells are able to maintain the gene expression and typi-
cal morphology related to pluripotency even after a long 
period of in vitro culture (Esteban et al. 2009, Nagy et al. 
2011, Sumer et al. 2011).

Recent data from our research group have shown that 
cells from farm animals may be reprogrammed to pluripo-
tency after lentiviral transduction of interspecific factors 
(OKSM), and reprogrammed cells presented several plu-
ripotency markers, being characterized in a pluripotent 
status not yet seem in stem-cells like from farm animals 
(Fig.3). Bovine fetal fibroblasts, as well as mesenchymal 

prior to SCNT is now possible. iPS cells may be genetically 
modified in vitro and submitted to cloning, resulting the-
refore in transgenic embryos, as shown in Figure 4, where 
bovine iPS were transduced with the eGFP reporter gene, 
selected and recovered by flow citometry and sorting and 
subsequently used as nuclei donors for SCNT.

Moreover, in the murine model pluripotent cells are 
known to be more permissive to homologous recombina-
tion, enabling the generation of transgenic animals through 
germ line contribution of the modified cells in the pre-im-
plantation embryo; without, therefore, the use of SCNT and 
its disadvantages, e.g., low developmental rates. Although 
highly desirable, and even with the advent of iPS cells in 
domestic animals, such model is still unsuitable for the pro-
duction of transgenic cattle because it results in mosaicism 
in the first generation, and animal truly transgenic may be 
only produced after one or more generations, an undesira-
ble feature for the production of animals with long periods 
of generation intervals.

CONCLUSIONS AND PERSPECTIVES
The ability to manipulate live organisms genetically through 
insertion or silencing of specific genes have revolutionized 
the understanding of cellular and molecular biology and ope-
ned new perspectives on human and veterinary medicine.

Since the cloning of the first mammal was reported, in-
numerous new applications of SCNT were assembled, in 
which the production autologous embryonic stem cell and 
the generation of transgenic animals are certainly the most 
interesting ones. The first has become unsuitable mostly due 
to ethical and religious questions. The latter, however, is the 

Fig.3. (A) Equine iPS. 200x. (B) Bovine iPS. 200x.

equine cells were induced to pluripotency with interspe-
cific OKSM. Bovine iPS and fibroblasts were used as nuclei 
donors in SCNT resulting in cloned embryos in both groups, 
however, the procedure still needs further studies on cell 
cycle synchronization (unpublished data).

Besides the possible use of cellular reprogramming 
for increasing SCNT rates, it is important to highlight that 
genetic modifications performed in these in vitro repro-
grammed cells, followed by its in vitro culture and selection 

most promising, and may highly benefit from SCNT, leading 
not only to the improvement of herds aiming animal produc-
tion, but also enabling the production recombinant proteins, 
reducing costs on pharmaceutical and biomedical fields.

Herein we discussed the transgenic technology, when 
associated to SCNT, and most recently, to cellular induced 
reprogramming. It is possible that together these strategies 
may allow the production of entire genetically modified 
herds in the future.
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Induced pluripotent stem cells, when used in the SCNT 
technique, may result in new perspectives for the study and 
development of transgenic animals, once these cells may be 
more easily reprogrammed when compared to differentia-
ted somatic cells and allow for long periods of cell culture.
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