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Summary: Intensely concerns about the future of the environ-
ment have grown intense in recent years. The possibility of
extinction of various species by unnatural causes, instead of the
slow action of the evolutionary process has become a reality.
Thus, the objective of preservation can be understood as a 
guarantee of the survival and evolution of species and animal
populations in their native habitat. Simplifying, biological
diversity is the key to the sustainment of life as we know it.
Therefore, all actions that aim to preserve species and breeds
are important so that their genetic material is not permanently
lost. Fortunately, the magnitude of preserving planet's biodiver-
sity has been widely recognized and various conservation
strategies to maintain the global ecosystem have been proposed
by conservationists. The possibility of creating genetic resource
banks (ex situ conservation) has been suggested as one way of
achieving this goal and is considered an essential complemen-
tary activity to in situ conservation of genetic resources of farm
animals. This measure would tend to encourage the growth of
individual species and endangered breeds, affecting positively
their population. The aim of this review is to report the work
that is being done to conserve the genome and individual genes
through the use of various assisted reproductive technologies in
ruminants.

Keywords: Assisted reproduction, biodiversity, risk of 
extinction, threatened

Resumo: As preocupações com o futuro do meio ambiente têm
crescido de forma intensa nos últimos anos. Dentre elas, desta-
ca-se a possibilidade de extinção de várias espécies por causas
não naturais, ao invés da ação lenta do processo evolutivo.
Ecossistemas funcionais, que dependem da biodiversidade, são
importantes para a manutenção da vida no planeta. Deste modo,
o objetivo da preservação pode ser entendido como a garantia
da sobrevivência e evolução da espécie e da população animal
em seu habitat nativo. De uma forma simplificada, a diversi-
dade biológica é a chave para manter a vida como nós a conhe-
cemos. Desta forma, ações que objetivem a preservação de
espécies e raças são importantes para que o material genético
destes animais não seja perdido de forma definitiva. Felizmente,
a importância de se preservar a biodiversidade do planeta tem

sido amplamente reconhecida e diversas estratégias de conser-
vação para manutenção do ecossistema global propostas por
conservacionistas. A possibilidade de criação de bancos de
recursos genéticos (conservação ex situ) tem sido sugerida
como uma forma de atingir esse objetivo e pode ser também
considerada uma atividade complementar para a conservação in
situ de recursos genéticos de animais de produção. Esta medida
pode promover o incremento do número de indivíduos cujas
espécies e raças encontram-se ameaçadas, elevando o tamanho da
população efetiva. Assim, o objetivo deste estudo é descrever as
diversas tentativas que estão sendo realizadas para conservar
genomas e genes individuais através do uso da tecnologia
reprodutiva assistida em ruminantes.

Palavras-chave: Ameaçados de extinção, biodiversidade, 
reprodução assistida, risco de extinção

Introduction

In recent decades, the planet has experienced a 
significant reduction of genetic diversity due to the
alteration or destruction of habitats, mainly as a result
of anthropogenic forces. The importance of this 
phenomenon is illustrated by the IUCN "red list", that
is widely recognized as the most comprehensive and
global objective approach for evaluating the conserva-
tion status of animal species. Once the number of 
the population is determined, the species is given a
term to describe its status, such as "endangered" or
"threatened", that is sometimes misunderstood.
Endangered are those species that are in danger of
extinction throughout all or a portion of their range,
whereas threatened are those likely to become endan-
gered within the near future. The loss of animal genetic
resources is occurring at alarming rates across the
globe. According to FAO, at least one livestock breed
has become extinct per month over the past several
years, resulting in its genetic characteristics being lost
forever. For an unpredictable future, traditions, cultural
values and safeguarding diversity are all driving forces
in support of genetic conservation, which is a human
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responsibility. Nowadays it’s clear that the various
forms of life on Earth only exist because of its inte-
grated complex system between living species and
even between physical environmental components
such as water, atmosphere, rocks and soil. As human
change the physical environment, the environment
also changes human life. The larger the number of 
living organisms the more stable is the ecosystem. Air
and water purification, food provision, stabilization of
the Earth`s climate, erosion control, disease control
and nutrient recycling are some important conditions
that depend on biodiversity conservation (Holt et al.,
1996b).

For the reasons presented above it is imperative to
conserve and maintain animal genetic resources to
ensure preserving biodiversity and keeping alternative
and potentially useful genes available in the gene pool.
In situ and ex situ methods have been proposed to con-
serve genetic resources. The first one is ideal as the
conservation of live species occurs in their natural
habitats. The disadvantage of this method is that it
requires land and people which are limited in some
regions. Ex situ conservation, by the other hand, deals
with protection of biological diversity components
outside their natural habitats (Glowka et al., 1994). It
covers widely applied conservation techniques such as
the establishment of genome banks, referring captive
breeding of animals far removed from their indige-
nous environment. It is noteworthy that ex situ and in
situ conservation are not mutually exclusive. Frozen
animal genetic resources or captive live populations
can play an important role in the support of in situ

program (Holt et al., 1996b). However, turning this
idea into reality is a rather complex process, requiring
interdisciplinary collaboration and clearly defined
goals. Therefore, the aim of this review is to report the
work that is being done to conserve genome and indi-
vidual genes through the use of modern reproductive
biotechnologies in endangered ruminants around the
world.

Situation of domestic ruminants in the

World and in Brazil

Of all ruminant livestock, cattle are the most 
numerous, followed by sheep, goats and buffalo. It is
known that many ruminant breeds have already
become extinct in the world: 3% of goat, 12% of sheep
and 17% of cattle breeds. Nevertheless, goats have the
largest percentage of breeds (28%) with a global unre-
ported/unknown population size (Figure 1), hinting
towards the possibility of that the number could be
underestimated (Galal, 2005).

When Europeans discovered Brazil, about 500 years
ago, the first ruminant specimens were brought by
Portuguese settlers. Throughout the years, these 
animals resulted in the formation of "criollo", "local"

or "naturalized" breeds that for centuries were responsible
for livestock production in the country. Over the years,
natural selection occurred and these breeds developed
morphological and physiological characteristics
adapted to specific Brazilian environmental condi-
tions. Nevertheless, from the early 20th century, 
commercial breeds that have been imported have been
responsible to promote the gradual replacement of
naturalized breeds to such an extent that the latter are
in danger of extinction. To avoid further loss of this
important genetic material, in 1983, the National
Research Center for Genetic Resources and
Biotechnology (Cenargen) of the Brazilian
Agricultural Research Corporation (Embrapa) 
decided to include among its priorities the conserva-
tion of animal genetic resources (Mariante and
Cavalcante, 2006; Mariante et al., 2009). The in situ

conservation of cattle, buffaloes, donkeys, goats and
sheep is being carried out by Conservation Nuclei,
located in the animal's original habitat. Ex situ conser-
vation is centered at the Brazilian Animal Germplasm
Bank (AGB) that is responsible for the storage of
semen and embryos of various breeds of threatened
domestic animals. Presently the AGB has almost
60,000 doses of semen and more than 250 embryos, as
well as over 7000 DNA samples (Mariante et al.,
2009).

Reproductive biotechnologies applied to

ex situ conservation of ruminants 

Modern reproductive technologies have allowed a
large number of progeny to be produced from a single
individual, and the transport has enabled the 
distribution of germplasm around the world rapidly
and efficiently. The successful use of assisted 
reproductive technologies (ART) in domestic 
livestock suggests that they can also be used for the
conservation of species and breeds in danger of
extinction (Solti et al., 2000). 

A good example of ART application was reported
by Ptak et al. (2002), that used the European mouflon
(Ovis orientalis musimon) to demonstrate for the first
time the potential of establishing an integrated package
of modern reproductive biotechnologies to rescue an
endangered species with substantial yields of oocytes,
embryos and pregnancy, independent of age, breeding
season and donor treatment. Ex situ in vitro conserva-
tion programs of endangered ruminant genetic
resources have focused efforts on cryopreservation of
gametes, embryos and somatic cells as well as testis
and ovarian tissues, effectively lengthening the genetic
lifespan of animals in a breeding program even after
the death. Although significant progress has been
made in both semen and embryo cryopreservation 
of several domestic species there still remains many
difficulties in a few steps that will be detailed shortly.



Figure 1 - Risk status (%) of ruminant species in January, 2006
(Commission on Genetic Resources - FAO, 2007). 
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Animal genetic resource bank (GRB)

Conservationists are looking for additional means to
secure some portion of the biodiversity that are at risk
of being lost. The establishment of biomaterial to 
constitute a GRB is rather complex and expensive, but
it is essential to preserve genetic diversity through ex

situ conservation in the variety of semen, oocytes,
embryos, tissues or DNA of endangered animals
(Andrabi and Mawxell, 2007). A disadvantage of this
is that breed restoration may be extremely costly and
time consuming. However, as a complementary 
conservation approach, cryopreservation provides a
long-term insurance system to in situ conservation,
since when combined with artificial insemination or
embryo transfer ensures genetic variability (Holt and
Pickard, 1999).

Otherwise, the formation of a GRB generates the
possibility of re-establishing a particular population
after disasters or epidemics episodes. Currently, there
are two more realistic options, either cryopreserve
embryos or gametes (i.e., spermatozoa and oocytes),
which have advantages and disadvantages. A bovine
breed could be saved with 1,000 sperm doses collected
on 25 different males or 300 embryos (non-sexed)
from 90 donors (Comizzoli et al., 2000). Boettcher et

al. (2005) simulated a creation of a GRB for recon-
struction of an extinct breed using different strategies:
embryos-only, embryos in combination with semen,
and semen-only. The strategy embryos-only required
the shortest time to reach reconstruction, in the strategy
embryos + semen the time increased with decreasing
proportions of embryos, whereas in the semen-only,
reconstruction time varied from 2 to 21 years. The risk
of extinction was extremely high when a very small
proportion of embryos (< 20%) was used. Decreasing
the percentage of embryos further diminished costs.
The authors emphasized that the combination of both
embryos and semen would be more indicated as it
would reduce costs allowing the conservation of more
breeds. Similarly, Amstislavsky and Trukshin (2010)

reported that embryo cryopreservation seems reliable
and most simple, whereas the use of gametes requires
the use of subsequent techniques. The authors also
described that in recent years the number of cryobanks
increased worldwide, what may be considered as
response to this need.

Cryopreservation – Semen

This biotechnique has been the most widely used for
germplasm preservation of endangered species, due to
its abundant availability and ease of application. Thus,
several attempts have been reported for its optimization.
Coloma et al. (2010) compared different extenders and
observed that the seminal plasma removal improved
the response of freezing-thawing semen in Spanish
ibex (Capra pyrenaica). The effects of cooling rates,
glycerol concentrations and diverse extenders on the
post-thawing sperm viability of camel sperm
(Camelus bactrianus) were compared in Iran (Niasari-
Naslaji et al., 2007). Cheng et al. (2004) reported that
optimal extenders for semen were obtained when
working with Formosan Sika (Cervus nippon taiouan-

ua) and Formosan Sambar (C. unicolor swinhoe), both
endangered. All freezing protocols tested were also
useful to the post-thawing viability of semen obtained
in the endangered Père David’s deer (Elaphurus

davidianus; Soler et al., 2003). In another trial, the
performance of freezing the sperm-rich fraction
showed better results than the whole ejaculate on the
Iberian Red deer (C. elaphus hispanicus; Martínez-
Pastor et al., 2009). 

The use of epididymal sperm cells in ART on
endangered animals could be considered a useful
source. According to the sperm maturation process,
sperm from the cauda epididymis are of good quality
and potentially fertile (Bedford, 1978). In this
approach, post-mortem semen cryopreservation from
the cauda epididymis was successfully performed in
five endangered gazelles (Gazella gazella, G. dorcas

and G. gazella acaiae) in Israel. This result was 
specifically important for the last species since there
were only 12 individuals left in the wild (Saragusty et

al., 2006). However, the protocols currently used to
conserve semen are still suboptimal and cannot be
easily applied across species.

Cryopreservation – Embryos

Cryopreservation of embryos and their subsequent
storage generates enormous potential for protecting
the population integrity and heterozygosity. However,
it is a more complex and costly procedure than semen
cryopreservation and the successful use of this 
technology for wildlife is dictated by the singularity of
the species (Pukazhenthi and Wildt, 2004). Protocols
for freezing bovine embryos have been reasonably
effective in studies that were conducted on non-
domestic cattle such as gaur (Bos gaurus), eland
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(Taurotragus oryx) and bongo (Tragelaphus euryc-

erus; Revised by Loskutoff et al., 1995). Similarly,
Lopes Jr. et al. (2006) were also able to freeze
embryos from Morada Nova (white variety), a domestic
sheep breed that has a very small population in Brazil.

Traditional procedures to freeze embryos require
much time and are quite onerous. This technique may
be replaced by a relatively simpler one and less costly
called vitrification. Vitrification is a physical pheno-
menon of amorphous solidification, achieved with
extreme increase of cryoprotectants viscosity in 
temperatures below the melting point. The purpose is
to prevent intracellular and extracellular ice crystals
formation that is responsible for damage of membranes
and cell organelles during the cryopreservation
process (Vajta, 2000).

In this way, Thundathil et al. (2007) described for
the first time that embryo production followed by 
vitrification in wood bison (Bison bison athabascae)
could be able to recover its genetic material.
Moreover, Bettencourt et al. (2009) conducted a study
to compare the efficiency of three cryopreservation
techniques: controlled slow freezing, conventional 
vitrification and open pulled straw (OPS) vitrification
for the cryopreservation of in vivo produced Portu-
guese Black Merino ovine embryos. The authors 
concluded that all the three techniques were efficient
in preserving and propagating genetic material. It is
apparent that earlier and in vivo derived embryos can
withstand cryopreservation better than later stage and
in vitro produced embryos. Therefore, the current
challenge is to develop a standardized protocol that
can be applied to embryos of different species at 
various developmental stages.

Cryopreservation – Oocytes

Oocyte cryopreservation, despite its high impact on
the preservation of genetic resources is has yet to be
considered an established technology (Ledda et al.,
2001). However, important progress has been made in
recent years and successful oocyte cryopreservation
has been obtained in several species (reviewed by
Andrabi and Maxwell, 2007). These studies have 
provided substantial progress and can also be used for
the conservation of endangered species.

Undoubtedly, oocyte freezing is the best way to 
preserve the genetic material of post-mortem females.
Conversely, few gametes resist cryopreservation or
develop when fertilized. Vitrification is considered a
promising technique for cryopreservation of female
gametes instead of classical slow freezing. However,
vitrified prepubertal sheep oocytes showed a high sen-
sitivity to both low temperature and cryoprotectants,
leading to a low developmental competence after
thawing (Succu et al., 2007). Therefore, new investi-
gations should be made in order to improve their
results.

Cryopreservation - Somatic Cells

The cryopreservation of blood and its products, 
tissues and DNA, allows them to be stored and used at
a later time. Moreover, these cells provide rich material
for the development of basic and applied research. The
establishment of fibroblast banks has also been pro-
posed as a practical approach to endangered species
conservation. This technique associated with nuclear
somatic cell transfer allows the restoration of extinct
or endangered species with greater genetic diversity.
Therefore, some studies have reported success in 
constituting fibroblasts banks from ruminant 
threatened species such as the Jining Black Goat (Li et

al., 2009).

Artificial Insemination (AI)

According to Durrant (2009), AI is the ART that is
less complex, invasive and costly and is therefore 
the first logical choice for companion animals or 
non-domestic endangered animal species. One of the
most interesting AI application in conservation is to
avoid the genetic depression caused by group frag-
mentation into free species. Thus, in situations where
a given species live in small groups, females can be
captured for a short period of time, be inseminated
using sperm from animals from zoos and then be
released back into their habitat. It still may be possible
to capture males living freely and to collect their
semen to inseminate females in captivity (Pukazhenthi
and Wildt, 2004).

There are a small amount of reports applying AI that
produced endangered ruminants such as the Black-
buck (Antilopre cervicapra; Holt et al., 1988) and the
oryx (Oryx dammah; Morrow et al., 2000) antelopes
and the eland (Bartels et al., 2001). Moreover, con-
ceptions from AI were also reported in Adras gazelles
(Gazella dama mhor; Holt et al., 1996a) and Gazelle
giraffe (Litocranius walleri; Penfold et al., 2005).
Santiago-Moreno et al. (2006) reported for the first
time the birth of a Spanish ibex (C. pyrenaica 

hispanica) after AI. This species inhabits the moun-
tains in Spain and is in risk of extinction due mainly to
inbreeding.

Multiple Ovulation and Embryo Transfer

(MOET)

The use of the MOET technique is not yet widespread
in wildlife populations. A key conservation strategy has
been the interspecies MOET biotechnique, i.e., embryo
transfer from endangered species to non-threatened
recipients. Some examples of success are a gaur born to
a Holstein cow (Stover et al., 1981), an Armenian Red
sheep (Ovis orientalis) born to a domestic sheep
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(Coonrod et al., 1994) and a Spanish ibex born to
domestic goats (Fernandez-Arias et al., 1996). 

Regarding traditional MOET, Othen et al. (1999) pro-
posed an experiment to refine estrous synchronization
and superovulation steps following the administration
of different hormones in bison. This study showed that
the synchronization treatment commonly used in
domestic cattle may be successfully applied to the
bison, but new superovulatory protocols are required
for an effective response in this species. In wildlife,
scant knowledge exists about the kinetics of embryo
development and maternal-fetal recognition. Thus,
Demmers et al. (2000) administered recombinant inter-
feron-_ in cervid recipients and observed a significant
reduction in embryo loss after asynchronous transfer
that had as an objective the reduction of asynchrony
between transferred embryos and recipients.

Chagas e Silva et al. (2003) conducted a study to
evaluate different treatments for estrous synchroniza-
tion and superovulation in Saloia sheep, an endangered
breed native of Portugal. The authors emphasized that
the semilaparoscopic transfer allowed high rates of
embryo survival and hence the birth of lambs. Recently,
the MOET program was achieved in endangered
Portuguese Black Merino ewes irrespective of the 
season of the year with a better response when using
ovine FSH instead of porcine (Bettencourt et al., 2008).

In Vitro embryo Production (IVP)

In vitro embryo production (IVP) involves collec-
tion and in vitro maturation (IVM) of the oocytes, in
vitro fertilization (IVF) of matured oocytes and in

vitro culture (IVC) of probable embryos obtained up
to a stage that is compatible with its transfer to the
recipient  uterus (Freitas and Melo, 2010). Its applica-
tion has been proposed as a valuable strategy for the
conservation of endangered species (Comizzoli et al.,
2000).

The major studies involving IVP in threatened 
ruminants were performed in gaur (Johnston et al.,
1994), Armenian Red sheep (Coonrod et al., 1994),
Sika deer (C. nippon) (Comizzoli et al., 2001) and
European mouflon (Ptak et al., 2002). Live births were
possible only in some of them, probably due to the
scarcity of the physiological knowledge of the species
of interest. 

Recently, Wirtu et al. (2009) demonstrated the 
feasibility of oocytes retrieval and IVM in eland and
bongo (T. eurycerus isaaci) antelope. IVP was 
successfully achieved when oocytes were obtained
from slaughterhouse ovaries from Red deer (C. 

elaphus) or after successive laparoscopic follicular
aspiration in Sika deer. Some factors affecting IVP
efficacy after both methods of collection were tested
such as the effect of EGF vs. FSH and follicular fluid
supplementation in IVM, sperm concentrations and

incidence of polyspermy on IVF (Comizzoli et al.,
2001). Locatelli et al. (2005) carried out an experi-
ment with suggestions to improve IVM and IVF and
studied a system of co-culture with sheep oviduct cells
that allowed the production of 39% of viable 
blastocysts after IVC in Red deer. This viability was
confirmed by pregnancies and births of normal 
offspring after transfer to recipients. Subsequently, the
same laboratory was responsible for the first report of
blastocyst in Sika deer produced after IVP (Locatelli
et al., 2006).

Somatic Cell Nuclear Transfer (SCNT)

Cloning or SCNT is a process by which the nucleus
(DNA) is removed from a donor cell to an enucleated
recipient cell to create an exact genetic match of the
donor (Andrabi and Maxwell, 2007). The report of the
first mammal produced by SCNT (Wilmut et al.,
1997) indicated that this technology could be adopted
to increase the population size of threatened or extinct
animals. Undoubtedly, the bucardo (Capra pyrenaica

pyrenaica) is the best example of the use of SCNT for
an extinct species recovery. The bucardo population
was abundant in the Pyrenees, but decreased sharply
due to hunting, leaving only three old females in 1989.
By 1999, only one female about 12 years old remained
alive. Skin samples from her were obtained, multiplied
and cryopreserved. This female died in 2000 and the
Spanish government declared the species extinct.
Experiments were conducted and it became possible
the birth of a normal morphologically bucardo female.
However, the newborn died few minutes after birth
due to physical defects in the lungs. This was the first
animal born of an extinct subspecies and the first
interspecies nuclear transfer (SCNTi) from adult
somatic cell in Capra with success (Folch et al., 2009).

Currently, the use of SCNT for reconstruction of
endangered species occurs mainly by SCNTi. Often,
as the oocytes availability in endangered species is
low, the possibility of using oocytes from other
species as donor cytoplasts has been the proposed
method of SCNTi. Also problematic such as the low
availability of oocytes, the accessibility of recipients
to promote the development of a cloned embryo is a
real obstacle (Andrabi and Maxwell, 2007). To over-
come this difficulty, the strategy commonly used is to
transfer embryos obtained for the phylogenetically
closest available  species.

Future application opportunities

Embryo Sexing

Embryo sexing has been recognized to control
effectively the sex of offspring in the embryo transfer
industry and it could be a useful conservation tool.



36

Souza JMG et al. RPCV (2011) 110 (577-580) 31-38

Through a careful analysis about the population of a
given species, this technique would allow us to
achieve a balanced sex ratio of any population at risk.
The accuracy of sex prediction was 100% in 58 bovine
embryos when the blastomeres dissociated from a
morula exceeds three (Zoheir & Allam, 2010). Mara et

al. (2004) described a work with embryo sexing of in
vitro produced sheep embryos by the duplex PCR that
demonstrated the viability of transferring fresh sexed
embryos on the same day of biopsy. However, when
recipients are not accessible, sexed embryos could
also be vitrified (Akiyama et al., 2010) after gender
selection. An accuracy rate of 100% was reached for
sex determination with a single blastomere at the 
blastula stage isolated from 43 goat embryos (Tsai et

al., 2010). Thus, efforts to extend the sexing of
embryos for endangered species should be studied in
a near future, since the technique seems to be the same
as for sexing bovine and ovine embryos.

Cryopreservation of ovarian tissue and 

manipulation of oocytes enclosed in preantral 

follicles

Cryopreservation of ovarian tissue and the manipu-
lation of oocytes enclosed in preantral follicles are
performed in only a few centers of animal genetic
resources. These techniques could be of great interest
in the conservation of endangered species in the future
(Ledda et al., 2001). The main objective is the storage
of primordial follicles that are located in the ovarian
cortex, which represents the immature oocyte reserve.
The potential recovery of thousands of viable oocytes
is extremely important for IVP on a large scale
(Figueiredo et al., 2007). In this context, freezing 
protocols have been improved over the past 20 years
and high cell survival rates have been obtained
(Dermici et al., 2003). Muruvi et al. (2009) demons-
trated that sheep primary follicles isolated from 
cryopreserved neonatal ovarian tissue could be 
successfully grown in vitro using a serum-free, 
attachment-based culture system. Different standardi-
zed cryopreservation protocols need to be developed
and tested to apply them to diverse species. Thus, 
priority must be given to the basic research as many
key points need to be clarified, so the use of this 
technique could become realistic in endangered
species.

Xenografting of ovarian tissue

Ovary xenografting is a valuable tool that may
enable the generation of good quality oocytes from
ovarian tissues recovered from endangered wildlife
species. Oocytes recovered from grafts can be used in
IVF to produce offspring. A major advantage of this
biotechnology is the possibility of ovarian tissue to be
transplanted irrespective of age, reproductive cycle or
even post-mortem (Snow et al., 2001). Regardless of

the differences between species, the recipient´s hor-
monal milieu allows the xenotransplantated ovarian
tissue to reassume its normal function as well as its
follicular development in a similar way of the donor
species of ovarian tissue (Wolvekamp et al., 2001).

Conclusions

The erosion of genetic resources is increasing and it
is clear that the problem of the growing extinction of
biological species is far from an adequate solution.
The use of ART in endangered species is limited, 
especially because favorable results depend on the
knowledge of reproductive physiology of the species
in question and few studies are available.

Usually, the technologies applied to endangered
species are adapted from domestic breeds and, as a
consequence, some biotechnologies have adjusted
well, producing great results, while others were unsuc-
cessful and frustrating. However, the positive results
which were obtained are important to ensure that the
use of these biotechnologies is a major tool for the
conservation of endangered and threatened species.
Finally, it is noteworthy that the interaction between
the breeding program and GRB should be dynamic
and interactive, maximizing each strategy’s potential.
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