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Abstract

Recent threats to species and ecosystems are the greatest recorded in recent history. In the face
of our ever-changing environment, the threshold for the conservation of biodiversity must be raised.
A possible viable method is the use of biotechnology in the conservation efforts. This review
therefore highlights the use of biotechnology to conserve, maintain and enhance biodiversity.
Biotechnology is any technique that uses living organisms, or substances to make or modify a
product, to improve plants or animals, or to develop microorganisms for specific uses. Biotechnology
has been used to improve and enhance animal and crop productivity, as well as to conserve,
evaluate and utilize various aspects of biodiversity. Several biotechnological approaches are important
to conserve, analyze and detect genetic diversity of rare and endangered plants and animals.
Cloning, plant tissue culture, transgenesis and cryopreservation are quite advantageous and a useful
technique that has served to conserve biodiversity. Biotechnological approach, though expensive,
can be helpful in the conservation of biodiversity, including threatened, endangered and critically
endangered species.
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Introduction

According to Snyder (1990), the extinction of refers to the comprehensive umbrella term for
species is an irreversible loss and it must be the degree of variety or variation within the
rigorously and intelligently resisted . Biodiversity natural system; both in number and frequency
(Mutia, 2009). In general, it refers to the exotic species, human population pressure
variety of all forms of life on earth. The and agricultural practices (Opdam and Wascher,
different plants, animals, micro-organisms, the 2004). Currently there are more than 82,900
genes they contain and the ecosystem they species on the IUCN Red List, and more than
form. Biodiversity exists at three different levels; 23,900 are threatened  with  extinction,
genes, species, and ecosystems. Each of the including of amphibians (41%), conifers (34%),
components has its own composition, structure coral reef (33%), mammals (25%) and birds
and function (Noss, 2005; Redford and Richter, (13%) (IUCN, 2018). Hence, biodiversity loss is
2001). So, preservation of biodiversity or one of the worlds most pressing crises.
animal genetic diversity are both historical According to the United Nations Food and
(conservation of our natural heritage) and Agricultural  Organization  (FAO), global
economical (food security and recycle capacity) population will approach 9.1 billion by 2050
(Olichoek et al, 2006). Biodiversity provides and there is a need of 70% increase in food
the basis for ecosystems and their services, production  (FAO, 2014). Therefore,
upon which all people fundamentally depended biodiversity loss threatens the very basis of
(Cardinale et al., 2012). more sustainable development and the quality
Unfortunately, biodiversity is declining. The of life. To ensure substance, FAO advised to
major causes of the loss of biodiversity is due conserve animals and plants genetic biodiversity
to human activities such as habitat destruction, as it is essential for future food security (FAO,
pollution, climate change, introduction of 2014).
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Conservation of biodiversity incorporates the
preservation, maintenance, sustainable use,
recovery and enhancement of the components
of biological diversity (Mutia, 2009). Also, it is
the protection of valuable natural resources for
future generations as well as well-being of eco-
system function.  This increasing awareness
and great concern about global biodiversity

conservation, has prompted the United
Nations (UN) to declare the current decade
(2011-2020) as the Decade of Biodiversity
and has set 2020 as the target for
restoring  at least 15%  of  degraded
ecosystems as well as conserving 17% of
terrestrial and 10% of inland water, marine and
coastal areas (CBD, 2014; Tscharntke et
al., 2012). With this target at hand,

biotechnology approach seems to be a viable
alternative to saving threatened species. The
origin of biotechnology is deep rooted in the
human history from the starting of
domestication of wild plants and animals

till recent time (Wolfe, 2000; Brink et al,
1999). Genetic manipulation by classical
methods of plant breeding and selection

of superior and new varieties started since
prehistoric  time with animal coming up more
recently (Pathak and Abido, 2014). Similarly,
biotechnology has been used to improve and
enhance animal and crop productivity, as well
as to conserve, evaluate and utilize wvarious
aspects of biodiversity. Several biotechnological
approaches are important to conserve, analyze
and detect genetic diversity of rare and
endangered plants and animals (Khan et al,

2012). Biotechnological methods are reliable
and can provide continuously safe, higher
quality natural products for food,

pharmaceuticals and cosmetic industries. They
are also applicable in preserving biodiversity in
several ways (Julsing et al., 2007; Nalawade et
al, 2003). The aim of this review is to
highlight the use of biotechnology to conserve,
maintain and enhance biodiversity.

Biotechnology and Biodiversity Conservation

Human population growth and the consequent
consumption of resources had been identified
as important drivers of global environmental
change, resulting in environmental degradation,
and loss of biodiversity (Van-Alphen and
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Bertola, 2013). Climate change and global
warming  affect the  habitats of  plants,
animals, microorganisms and may lead to the
alteration at genetic makeup of individual cell
(Mutia, 2009). It has been suggested that,
extensive and rapid land use due to human
activities and climate change are the main
actors of increasing species threats (Mutia,
2009). Conservation biology provides perhaps
the most difficult and important questions ever
faced by science (Pimm et al, 2001). The
problems are enormous, difficult and complex.
It threaten the continued existence of human
species and the future of the biosphere itself.
The solutions to these problems require a major
overhaul of our political and social systems. An
urgent paradigm shift in human behaviour
towards the environment is also required. A

possible viable method is the use of
biotechnology in the conservation efforts.
According to Pathak and Abido, (2014),

biotechnology is any technique that uses living

organisms, or substances to make or modify a
product, to improve plants or animals, or to
develop microorganisms for specific uses. It
consists of a gradient of technologies, ranging
from the long-established and widely used
traditional techniques to novel and advanced bio
techniques of tissue-culture and transgenic
methods .

According to the guidelines of International
Union for Conservation of Nature, both in situ
and ex situ methods are well known and
applied for the conservation of Red listed
organisms (IUCN, 2013). The choice of any
of the methods, or a combination of both,
depend on the particular case and both are
complementary to each other based on the
adoption of conservation policy. In situ
conservation maintains and manages existing
genetic diversity and viable populations of
wild taxa in order to maintain biological
interactions, ecological processes and
functions under natural conditions (Ashmore,
1997). Being a naturally adopted process of
conservation, in situ conservation is faced with
some challenges such as habitat fragmentation,
climate change, attack of pathogenic organisms
and invasive species. Ex situ method can offer
a complimentary effort, so far it is governed
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with rules, regulation and adopted methodology
in artificial way (Reed et al, 2004). The ex

situ method follows the propagation of
animals and plants species, varieties and
specific clones either by classical method

using seed, stems, rhizomes, corms or by
using biotechnological methods.  Such
methods include, cell, tissue or organ culture;
micropropagation techniques; cryopreservation;
germplasm banking; gene banking; and applied
advanced research to conserve and introduce
genetic modifications in the existing populations

(Schemske et al, 1994).
Genetic Engineering and Biodiversity
Conservation

Genetic engineering is the name of a group of
techniques used for direct genetic modification
of organisms or populations of organisms using
recombination of DNA (Montaldo, 2006).
These procedures are used to identify, replicate,
modify and transfer the genetic material of
cells, tissues or complete organisms (Izquierdo,
2001; Karp, 2002). Most techniques are
related to the direct manipulation of DNA
oriented to the expression of particular genes.
In a broader sense, genetic engineering involves
the incorporation of DNA markers for selection
(marker-assisted selection, MAS), to increase the
efficiency of the so called ’‘traditional’ methods
of breeding based on phenotypic information
(Montaldo, 2006). The most accepted purpose
of genetic engineering is focused on the direct
manipulation of DNA sequences. These
techniques involve the capacity to isolate, cut
and transfer specific DNA pieces, corresponding
to specific genes (Lewin, 1999; Klug and
Cummings, 2002). The mammalian genome is
large and has a more complex organization
than in viruses, bacteria and plants (Montaldo,
2006). Consequently, genetic modification of
animals, using molecular genetics and
recombinant DNA technology is more difficult
and costly than in simpler organisms. In
mammals, techniques for reproductive
manipulation of gametes and embryos such as
obtaining of a complete new organism from
adult differentiated cells (cloning), and
procedures for artificial reproduction such as in
vitro fertilization, embryo transfer and artificial
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insemination, are frequently an important part
of these processes (Murray et al, 1999,
Izquierdo, 2001).

Transgenesis

Transgenesis is a mode of experimentation
involving insertion of foreign gene into the
genome of an organism, followed by germ-line
transmission of the gene and analysis of the
resulting phenotype in the progeny (Renaud
and Soares, 2011). The first microinjection of
genetic material in mammals was reported in
1966, but it took 15 years until Gordon et
al.,, (1980) reported the first transgenic mice
by microinjection. Two years later, Palmiter et
al.,, (1982) produced the first transgenic mice
growing twice than normal, and three years
later the first transgenic livestock was reported
(Hammer et al, 1985). This created enormous
prospect about what could be done with
transgenic animals, particularly in the field of
animal production. In the last 25 vyears
predictions about the future of transgenesis and
genetic engineering have been invariably
optimistic. Few successes of transgenic animals
are now available: myo-inositol
hexakisphosphate (M. phytase) transgenic pigs
(Golovan et al, 2001) digest phytase better;
lysostaphin transgenic cows (Wall et al, 2005)
have better resistance to mastitis; bovine K- and
[B-casein transgenic cows (Brophy et al, 2003)
possess better milk composition; -lactalbumin
transgenic pigs (Noble et al, 2002) have better
litter weight at weaning; lysozyme transgenic
goats (Maga et al.,, 2006) have healthier udder.
Some other few transgenic animals have also
been reported; sheep with more/clear fleece
(Damak et al, 1996), leaner pigs (Pursel et al.,
1999; Lai et al, 2006). Transgenic livestock
and plants/crops can be produced for
conservation, food security, better vield and
resistance to the effect climate change. Also,
food security reduces the pressure on the wild
species as alternative sources of protein,
thereby conserving biodiversity.

Cloning

According to the National Human Genome
Institute, NHGRI (2017), cloning is a number
of different processes used to produce
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genetically identical copies of a biological entity.
The copied material, which has the genetic
makeup as the original, is referred to as the
clone. Cloning from somatic cells can be used
to repeat the genotype of valuable animals
(Blasco, 2008). Since transgenic organisms
usually have reproductive problems, cloning may
help in transferring and multiplying the results
of transgenesis, thereby saving biodiversity
(Blasco, 2008). Cloning and the reconstruction
of functional DNA from extinct species has
been a dream for decades. Possible implications
of this were dramatized in the 1984
novel Carnosaur and the 1990 novel Jurassic
Park (Ehrenfeld, 2006; Holt et al, 2004). The
best current cloning techniques have an average
success rate of 9.4 to 25 percent (Ono et al,
2010; Wakayama et al, 2013) when working
with familiar species, while cloning wild animals
is usually less than 1 percent successful (Jabr,
2013). Several tissue banks have come into
existence, including the "Frozen Zoo" at
the San Diego Zoo, to store frozen tissue from
the world’s rarest and most endangered species
(Pence, 2005; Holt et al, 2004). The modern
cloning techniques involving nuclear
transfer have been successfully performed on
several species including Northern leopard frogs,
sheep, endangered Asian ox, rat, horse, water
buffalo, extinct Pyrenean ibex (Sinha, 2009;
Gray and Dobson, 2009). Tissue samples,
frozen from the last Pyrenean ibex (Capra
purenaica pvrenaica) which died in the year
2000 was cloned in year 2009 (Gray and
Dobson, 2009). Using polymerase chain
reaction (PCR), geneticists at the Australian
Museum replicated  the DNA  of the
extinct Tasmanian tiger (Holloway, 2002).

Many of the cloned species had health and life
span issues. But some Japanese researchers
created 25 generations of healthy cloned mice
with normal lifespans, showing that clones are
not necessarily intrinsically shorter-lived than
naturally born animals (Wakayama et al., 2013).
Other sources have noted that the offspring of
clones tend to be healthier than the original
clones and indistinguishable from animals
produced naturally (Carey, 2012).
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Plant Tissue Culture

Plant tissue culture (PTC) is a quick, season
independent and efficient in-vitro technique to

propagate  plants  under  sterile  micro
environment. It is very a effective method
of cloning of plant material and to
develop disease free «clean plant stock.

There are different types of culture methods
using different organs (Chawla, 2009). The
technique of different types of culture is applied
with several objectives, the most important one
is the enhancement of plant production rate by
quick regeneration of plants in the absence of
seed, or otherwise by using the seeds which
have very low chances of germination capability

(Abo, 1997; Ellis, 1991,). Different
techniques in PTC  may offer certain
advantages over traditional methods of
propagation  for  assembly, proliferation,
preservation and storage of plant genetic
resources (Bunn et al, 2007). The success

of plant tissue culture depends on the success
of shoot regeneration in a rapid and
reproducible way. It has great importance in
the crop improvement program which is facing
the increasing depletion of natural resources.
Moreover, tissue culture techniques can be
applied in germplasm conservation  of
medicinally important plants. It can be applied
for regenerating different clean disease free
stock of plants in the field of agriculture,
horticulture, floriculture and pharmaceutical
industry (Fischer et al, 2004). Tissue culture
is a useful technique to preserve somatic
embryos which can be applied in the medium

and long-term conservation process. The
cultivation and conservation of the new
germplasms in the changed environmental

situation can be able to add some specific

impact in changing environmental situations.
Rapid and mass propagation of plant
species and their long term germplasm

storage can be achieved in a small space

within  short period, with no damage to
the existing population using PTC
techniques.  Plant material can be produced

throughout the year without any seasonal
limitation. Large numbers of uniform and
disease-free, virus free plants can be produced
from very small portions of the mother plant
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due to the aseptic nature of tissue culture
technique. The sterile nature of in vitro cultures

facilitates the exchange of germplasm or
plant materials even at international level
(Sharma and Sharma, 2013). Genetic

resources of recalcitrant seeds which are difficult
to germinate, vegetatively propagated plants,
rare and threatened plant species, elite crop
varieties and some genetically modified plant
materials can be efficiently multiplied and
stored on long term basis by using in
vitro techniques (Lidder and Sonnino, 2011).

Cryopreservation

Cryopreservation is one of the biotechnological
methods of ex situ plant conservation and it is
applicable for long term storage of plant genetic
material. Cryopreservation is an extremely
helpful method to conserve rare, endangered,
threatened plant species (Paunescu, 2009; Zhao
et al, 2008;. It is another genome
conservation technique in which living tissues
are conserved at very low temperatures (196°C)
in liquid nitrogen to arrest mitotic and metabolic
activities (Dulloo et a/, 2010). It is now realized
that cryopreservation method can offer greater
security  for  long-term, cost  effective
conservation of plant genetic resources,
including orthodox seeds (Dulloo et al, 2010).
The storage in liquid nitrogen clearly prolonged
shelf life of lettuce seeds with half-lives
projected as 500 and 3400 years for fresh
lettuce seeds stored in the vapor and liquid
phases of liquid nitrogen, respectively (Dulloo
et al., 2010). Maintenance of cryogenic cultures
in liquid nitrogen at -196C or in the vapor
phase at -135C is in such a way that the
viability ~of stored tissues is retained
following re-warming. The cryopreserved
tissue is considered as safe, clean, disease free
and genetically stable and suitable for
international exchange (Liu er al, 2008;
Feng et al, 2011).

In-Vitro Gene Bank

The maximum possible genetic diversity of
a particular genetic stock can be
maintained using in vitro gene bank
technique. It involves culturing of different parts
of the plant (meristem, tissues, and cells) into
pathogen-free sterile culture in a synthetic
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medium with growth retardants, which has been
cited as a good way of complementing and
providing backup to field collections (Dulloo et
al, 2010). There are about 7.4 million Plant
Genetic Resources for Food and Agriculture,
PGRFA accessions conserved in over 1750
gene banks (Dulloo et al, 2010). The Frozen
Ark database holds details of 28,060 frozen
DNA samples. Among these 6,997 are from
species listed in the IUCN Red List (Reid et
al., 2013). The principal aim of gene bank
conservation is to maintain genetic diversity
alive as long as possible and to reduce the
frequency of regeneration that may cause the
loss of genetic diversity (Dulloo et al, 2010).

With the
molecular
becoming

rapid development in the field of
genetics and genomics, DNA is
more and more in demand for
molecular studies and is one of the most
requested materials from gene banks. Some
efforts have been made to establish DNA banks
for endangered animals (Ryder et al, 2000),
and a few plant DNA banks in different parts
of the world such as the Missouri Botanic
Garden, Kew Royal Botanic Garden and
Australian Plant DNA Bank. Many research
groups are already developing their own
archives of extracted genomic DNA. The Global
Biodiversity Information Facility in Germany has

established a DNA bank network, which
provides DNA samples of microorganisms,
protists, plants, algae, fungi, and animals

(Dulloo et al., 2010).

Seeds are usually the most convenient and
easiest material to collect and to maintain in a
viable state for long periods of time and that
makes it preferred for conservation in gene
banks (Brutting et al, 2013). Seed banking
techniques rely on the storage of dried seeds
of threatened plants or other plants at low
temperatures. (Brutting et al, 2013; Dickie et
al., 1990) Seeds are typically conserved at
moisture content between 3 and 7 percent and
stored at 4 degrees Celsius for short-term
conservation, and between -18 and -20 degrees

celsius for long-term conservation (Dulloo et al,
2010).

The maximum possible genetic diversity of
a particular genetic stock can be
maintained using in vitro gene bank technique.
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Several international organisations are
engaged potentially to conserve disease free,
clean and elite class of genetic stock and
using this process mainly following slow
growth, in vitro techniques, cryopreservation
of several stocks together  with routine
analysis of genetic diversity. The
International Plant Genetic Resources Institute
(IPGRI), International Institute of Tropical
Agriculture ([ITA), Consultative Group on
International ~ Agricultural Research  (CGIAR)
and International = Center  for Agricultural
Research in the Dry Areas (ICARDA) are
involved in the conservation of rare and
endangered plant species by maintaining in
vitro gene bank (Reed et al, 2004; IITA,
2011; ICARDA, 2014). Determination  of
storage conditions, provision of inventory,
evaluation of viability and wverification of
genetic stability are very important components
of gene bank structure (Khan et al, 2012).

Challenges of  Biotechnology in  the
Conservation of Biodiversity

Inadequate Expertise

Biotechnology is a technology that has a wide
application ~ across  several  sectors = of
development. Various disciplines, among which
are biochemistry, the engineering sciences,
genetics,  informatics, = molecular  biology,
microbiology, the neurosciences and
nanotechnology amongst others, need
biotechnology in one way or the other.
Deficiency in professionality, and national legal
instruments concerning patents and intellectual
property rights, and of financial support widen
the gap in biotechnology development between
the industrialized and developing countries
(Dasilva et al., 2002). Hence there is a distinct
need for education and capacity-building
important elements in the use of biotechnology
for development. Other challenges faced include
shortage of staff.

High Cost and Inadequate Funding

Biotechnology developments need high inputs
of finance for sophisticated equipment and
relevant infrastructure, which are in short supply
in most developing nations. Life spans of
research capacities in sub-Saharan African
countries in plant and animal biotechnology are
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limited in scope and are donor-dependent
(Dasilva et al, 2002). Many research
institutions and  Universities are  usually

inadequately funded. This indeed, hampers their
efficiency. More so, the majority of institutions
could not go on the routine exploration and
collection of germplasms to boost their
biodiversity collections, because of a shortage
of funds (Borokini, 2013).

Ethical Issues in Biotechnology Techniques
The  development and  regulation  of
biotechnology has brought ethical concerns and
issues to the foreground (OECD, 2008).
Diverging views have been expressed, as
representations of our "natural’ world were
being challenged. It is true that biotechnology
has the potential for enormous contributions to
science, medicine and biodiversity conservation.
What remains uncertain is whether engineering
new life and modifying existing forms is ethical
in modern society. There is a need to balance
between the risks and benefits involved (Macer,
2004).

The advantages of using transgenic animals can
be divided into three broad categories: medical,
scientific, and food benefits. Medical advantages
are seen with disease models. Scientific benefits
are seen in some animals engineered to over-
express a specific protein to help elicit a newly
discovered proteins function. Food benefits are
seen in super fish that grow faster and larger
than regular fish (Camara et al, 2008).
Additionally, disease resistance and faster
production times offer even more incentive to
progress. The potential to successfully utilize
transgenic animals is huge, as is the possibility
of exploiting them. One fact to keep in mind
when discussing the tampering with genes and
genomes is that, humans have been doing it

for centuries via selective breeding and
crossbreeding. Selective breeding has given us
the  broiler chicken which grows to

approximately 2 kg in about 40 days, half the
time it took 30 vyears ago (Camara et al,
2008). What is really germane is a balance
between the possible risks and benefits.

Conclusion

Biodiversity is the very basis of human survival
and economic development. Ever increasing loss
of biodiversity poses a serious threat to the
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survival of mankind. Worldwide, vast numbers

of biodiversity are threatened. Since the
conservation of biodiversity is a global
concern, several strategies has been adopted

in understanding and conserving biodiversity
throughout the world. It is now well
recognized that an appropriate conservation
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