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Summary

Genetic diversity is probably the central issue in the biodiversity. A species, in a sense,
is a unique gene pool. Therefore the species diversity on earth also means the diversity of
gene. However, the diversity of gene goes far beyond the scope of species diversity, Genetic
diversity is cxpressed at many dilferen: levels. Every species is made up of many individuals.
Modern genetics has proved that except for the cases ol parthenogenesis and identical twins,
or the clone ones, no two individuals share the same genome. Secaondly, according to taxono-
my, some species, especially polytypic species can be subdivided inte many subspecies,
Many species actually contain hundreds, or even thousands of different genotypes. Genetic
variance at infra-and intra-specilic levels show the rich genetic diversity within and hetween
subspecies, and within and between different population of the same species. Intra-specific
genetic diversity, also known as genetic polymorphism, is expressed ar different levels. The
first expression of intra-specific genetic diversity is at the morphological level. The second
expression is at the chromosomal level. When we talk about the stability of the karyotype of
a species, i. ¢, the number, morphology . and behavior of the chromosomes, we are speaking
in relative lerms. Polymorphism of chromosomes within species is a common phenomenon.

Because of the increasing great pressure of population, forest destruction by slash and
primitive cultivation has been increased. and wildlife habitat rapidly decreased. It causcs the
genetic diversity loss so quickly. The shrinking and vanishing of genetic diversity has a far-
reaching harmful effect. Firat of all, genetic diversity is the basis for evolution and adapta-
tion. The more diverse and various of the intra-specific genes arc. the better the species will
adapt 1o the enviroment. and the greater potential the species will have in its evolution. Bio-
diversity at the species level will also contribute to the maintenance of the diversity of the e-
cosystem and slow down the process of extinetion caused by problems in adaptation and evo-
lution. It is widely accepted that a lack of genetic diversity threatens the existence of species
or population.

For genetic diversity conservation and study, several theories or subjects. e, g. conser-
vation genetics, molecular ecology. the theory of conservation breeding, have been devel-
oped or improved,

Conservation genetics , a new coneept, employs genetic thearies and molecular techniques
in studying biodiversity (especially genetic diversity) and its conservation. Since species live
in form of population, in which genetic diversity changes dynamically due to evolutionary
forces: genetic drift and natural selection, genetic drifr will remove alleles of s gene pool in
a random way, especially for small population, which are usually caused by founder effects
or isolations. Natural selection will dramatically change the genetic structure of a population.

Hence, in our conservation strategies, genetic management for conserving genetic diversiry
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should be considered as one of the key points in practice. In addition, molecular systematics
which aimed to reconstruct evolutidnary events in the past, is also found to be very informa-
tive and useful in evaluating dynamics of genetic diversity and revealing population process.

(;enetic management is an important issue of conservation genetics, which is based on
the theory of genetics and specially using molecular techniques for preserving animals. The
first rhing of genetic management iIs to investigale genetic diversity. So fat, a lot of molecular
technigues are available [or detecting genetic diversity at the levels of chromosome, protein
and DNA. The more information about the molecular techniques will be summarized later, In
a long run, genetic diversity conservation is to remain the evolutionary potential of a species
according 1o the following six general principles: 1) Keeping genotype and phenotype of rais-
ing animals. 2) Eschewing mating of skin animels. 3) Keeping genetic diversity of raising ani-
mals. 43 Not developing raising animals domestically, 5) Determining conservation units
(ESU) by genetic data. 6) Drawing up measures according to financial conditien, gene flow
and genctic diversity among different populations.

Molecular ecology is a new subject for biodiversity conservation, which is in the sense of
the relationship between the individuals/population of organisms and their environments
with the view of molecular biology. Tt might be directed at the interface among molecular bi-
ology, ecology and population hiology. In other words, molecular ecology is 1o use the princi-
ples of population and genetics to study ecology and population biology and assess the ecolog-
ical risk of the releasc of genetically modified organisms (GMOs)by means of molecular hiolo-
gy techniques. Population genetics, ecological genetics and evolution genetics provide a sound
basis for the formation of molecular biclogy. Current progress of molecular ecology focuses
on the relationship between gene variation and the environment.

In the practice for genctic diversity conservation. national parks, natural protected areas
and wildlife reluges are all effective ways in situ preservation, endangered wildlife breeding
centers, zoos, and centers [or conservation of rare livestock and pouliry . botanical garden and
arboretum are common practices in ex situ preservation. Frozen bank is also an effective
method for saving the germ and microbial diversity.

The theory of conservation breeding is important for the animals breeding in captivity,
which 13 based on the theory of genetics and logistics. A series of problems need to be con-
cernied about or resolved in the breeding: 1} About the number; The number of individuals
needed in a breeding population to avoid inbreeding varies enormously from species to
species. It is difficult to get enough number of individucls for ceptive breeding, but “effective
population” is needed. 2) Inbreeding depression; Inbreeding will easily cause the problems
of animal reproduction. To avoid the inbreeding depression, it is very importan: to know the
genetic background of the breeders. Geneticists use “inhreeding coefficient” to express the in-
breeding relationship of the animals. 3) Genetic variation; Genetic variation, the resource of
evolution, is the true connection between the ideas of Mendel and Darwin. Only by maintain-
ing the genetic variation can the animal breeding population avoid the inbreeding depression.,

4) Several roles needed to maintain the genetic variation: a) Founders. The {founders, the
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breeders in beginning breeding, should ideally be as heterozygous as possible, and each one
should be unrelated to all the others. This means the founding gene pool should be as large
as possible; b) Rapid multiplication. The best way is to breed oflsprings from the founders
as many as possible in a short period so that the reproductive biotechnology can be very use-
ful; ¢)Equalization. Tt is important that each of the founders produce the same number of de-
scendants, including the equalization of the genetic contributions on the males and females;
d ) Ring the changes. Tt is the best way by using artificial insemination to get another founder
gene from other breeder population to maximize the genetic variation; e} Input from the wild.
Intreducing one unrelared individual from the wild can increase the captive breeders’ genetic
variation, but it is difficult for the endangered species as they are already very rare in the
field; f) Generation time. This means diversity is maximized for the longest il the time be-
tween generations is maximized: g) Studbooks, Studbooks are the raw materials of planned
breeding, containing the essential basic data in standard form. 5) Specify species. Starting
captive breeding program, it should be considered that which specie is urgent. including the
situation of species.e. g. status of endangered or keystone species. 6)Species. In the breeding,
we need to know what is a species. For the view of conservation breeding. it is important to
distinguish subspecies, hybrids and other complications; 7) Organization and breeding plans.
There are several international active organizations to help conservation breeding. The fa-
mous ones include [UCN, WWF, the International Union of the Director of Zoological Gar-
dens (IUDZG), the Conservation Breeding Specialist Group (CBSG). EEP, and so on. It
makes sense for different groups to perform different tasks.

Beside the above roles, the living conditions of animals in zoos should be carefully con-
sidered about. We should prepare diets. such as vitamins, mineral, and aliphatic acid, and
carcfully turn to the needs of particular groups of species and the dilferent species.

On the other hand, animal reproductive bioiechnology, artificial insemination, cocytes
maturation and fertilization in vitro.embryo development in vitro and embryo transfer , nucle-
ar transplantation. gene transfer and clening animals are also ways ro save wild animals.

In vitro fertilization (IVF ) and embryo transfer (ET) are the two basic techniques of the
reproductive biotechnology. IVF means taking the gametes (eggs and sperm }rom the animals
and culturing te maturation, and then fertilizing in vitro. The procedure of the TVF is similar
in most of the mammals though some alteration is existed in the different species. The culture
condition s especially medium, is the key factor {or IVF, among which, water quality is ¢ very
important and basic factor. The goal of embryo transfer is the placement of embryos in the
uterus with minimal trauma to both embryos and recipient. The details of IVF for rhesus
monkey and bovine are described in Chapter 14.

Nuclear transplantation is the replacement of the one cell nuclear with that of another,
The techniques have developed so rapidly since 1980%s because some problems were mostly
overcome, such as media improvement, micromanipulation carried out on the . cyte and em-
brys. However, the successful rate for nuclear transplantation on the mammals is still low.

The key problem concerning the donor nuclear doesn’t develop synchronously with the recip-
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ient cytoplasm. The techniques for cattle have been described in the book.

Gene transfer is the introduction of exogenous gene to the zygotes at the stage when two
primary nuclei are formed. DNA microinjection is the most wildely applied method for gene
transfer in mammals., In recent years, embryonic stem (ES) cell transfer is another popular
method. The gene transfer is currently used in laboratories and domestic animals arc pioneer
in using the mouse model. The mouse continues to serve as a starting point for implementing
gene transfer procedures and it 1s the standard [or optimizing experimental efficiency for oth-
or species.

Botanical garden and arboretum are major activities for plants conservation ex situ in
both their research and education programs. Some difficulties for species transfer from one
natural community to another are due to lack of knowledge sbout the ecology of any plant
species, But to their immobility, plants have more practical advantages than animals on ex
situ conservation. In general, the role of the issve contains: 1) distinguishing genetic form
environmental effects by observing variation among the growing plants in garden plots; 2)
samples, which were taken from a range of population, therefore, if genetic variability is to
be adeguately represented; 3) avoiding domestication.

Methods of conservation for plants can be classified according to the parts of the plant
one whole organism, seed , lissues ,or genetic materials in culture. The technology ,in general ,
includes division of the rootstock. cuttings, tissue culture, seed bank and clone. There are
advantages and disadvantages for the technologies. For instance, keeping whole plants has
values of educational and research on its reproductive maturity , mature specimens and so on.
but it has higher maintenance cost and needs more space. Grown in single species planta
tions. the whole plants are more susceptible to communicable diseases. while storing seed is
much hetter than keeping whole plants. The principal advantages of seed bank are the econo-
my of space and the [arge sample sizes. The principal disadvantages of seed bank are their re-
liance on a dependable power supply, the need for meticulous monitoring of germ inability
over time, and the need for period regeneration under conditions rhat minimized selection a-
mong the residual seed stock. Tissue culture can maintain genotypes unaltered for a long
time. provide economic means of suspending, and change in gene frequency. However, the
culture may be made chromosomal unstable over a long time the same as the current using
media, DNA libraries are probably the most stable {forms in which genetic information can be
stored.

To save microorganisms is different from animals and plants, because microorganisms
are not 1ypically classed as plants or animals, which include bacteria, cyanobacteria, fungi,
protozoa and virus. but they are important to humans for the benefits and harmful effects,
Microorganisms are also the essential parts of environment, contributing to the maintenance
of stable ecosystems because they are found in nearly all environments. Unforrunately, con-
serving the microbial diversity was not eoncerned as that for the animals and plants. Howev-
er, existng conservation programs for amimals and plants diversity, such as the nature re-

serves, will likely cover all but a few specialized environments, so it should not establish spe-
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cial reserves for maintaining microbial diversity. However, we also need to preserve microor-
ganisms ofl site.

The techniques to maintain microbial (virus,bacteria, fungus}diversity include: 1)Isolat-
ing and sampling. These methods are used to obtain pure strain microorganisms for spectal
needs and keep them in a suitable medium, which contains the nutrition, as the microorgan-
isms need; 23} Microbial identiflication. Tt is important to identify the microorganism as you
want before you start to culture it, The procedure of the identification involves staining stan-
dard and microscopic examination, and also includes biochemical analysis of proteins and
DNA; 3) Storage of microorganisms. To preserve microorganisms is 10 maintain a strain for
an indefinite period or continuous culture.

For all biological materials preservation, cryopreservation and freeze-drying are the pre-
ferred techniques for long-term storage. The potential of storing lives is extended (0 many
thousands of organelle, cell, tissuc, organ. and body types including microorganisms, plants
and animals, More recently,cryopreservation has heen used as a appropriate technique to pre-
serve plants and animal species. However, many cells and tissues which need for long term
bio-storage await suitable methodologics. As different biologies of organisms make different
responses to cryoprotectants and freezing s preservation protocol may need adjustments, or be
canstructed afresh for the materials under study, The protocols of the techniques have been
developed in the expert laboratory for different biological materials, Freezedrying 1s widely
employed 1o conserve micro-biodiversity. This is one of the key roles performed by microbial
culture collections. In chapter 6,13 and 14, we compile the protoccls which are reproducible,
robust, and in most instances have been transferred quite successfully 1o other laboratories.
However, there is no unique method to store all biological material.

Another very important issue for the study of genetic diversity is molecular biclogy. Ad-
vanced in molecular biology , especially advanced in recombinant DNA techniques great atten-
tions have been attracted to the polymorphism of gene itself. So far, a lot of melecular tech-
niques are availahle for detecting genetic diversity at the levels of chromosome, protein and
DNA, Of all the techniques for detecting DINA polymorphism is the most developed and in-
formativeone , including restriction fragment length polymorphism (RFLP), random amplified
polymorphic DNA (RAPD), DNA sequences, DNA fingerprinting, microsatellite DNA and
isczyme analysis, which are very useful for the genetic diversity analysis at molecular level.

However, starting to study genetic diversity of animals and plants by molecuiar tech-
niques, one of the key steps is to collect DNA samples from animals and plants. We describe
some roles according to the previous reports and our experiences. In general, if we aim to do
a good sampling and make the samples to be used as much as we can. several points should
be kept: 1) Collecting animal and plant samples. It always needs to do some measurements
before collecting samples, such as the classification of samples ,asymme:rical analysis , genetic
variation, and physiological examination (or records). Samples collected from plants and ani-
mals should be appropriately stored according to the needs of different studies. Usually . sam-

ples for chromosomal study had to be sterilized, and those for protein electrophoresis and



