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Abstract

Production of Panaz ginseng in Korea has been increased tremendously in the
last two decades, the acreage and number of growers having been spread across
the country. Improvement of variety, on the other hand, has been seldom carried
out during this period, rendering the ginseng growing risky and hazardous.

Breeding work with such perennial crop as ginseng is rather time-consuming,
and there are few genesources to start with. Authorities concerned with ginseng
production pay very little attention to breeding researches for numbers of reasons.
As this crop is cultivated over the entire area of Korea, breeding work cannot be
allowed to delay further. In the present article, improvement of ginseng was
discussed from the view point of two different categories of breeding concept: (1)

conventional breeding and (2) breeding based on the somatic cell genetics.

In the last two decades the number of ginseng growers and its acreage increased
tremendously, covering nearly every nook and corner of Korean Peninsula, and the
mounting export volpme of ginseng and its products is playing an important role
in earning the hard currency.

With the rapid increase of ginseng cultivation it is feared that the diseases and
insect pests might also spread. When only one variety is cultivated throughout the
country, growers would face with many hazards arising from the varied climatic,
or biological conditions. When a certain crop is increased in its acreage, first step
to be taken is the effort to improve the variety of the crop so that the farmers
can grow the plant free of any risks.

In view of the distribution of ginseng acreage, Korea should have developed many
varieties by now: varieties resistant to diseases; fit for local environmental conditions;
with good marketability, both domestic and foreign; with good root shapes or head
sizes; insensitive to sun light; with increased content of specific ingredient. Even in
such perennial plant as chrysanthemums, roses, peonies, and orchard trees which need

many years for the improvement of variety, thousands of varieties have been.
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developed, not to speak of such annual crops as cereals and vegetables.

Breeding work in agriculture is carried out based on the same principles as the
biological evolution in nature. The factors concerned with the breeding and evolution
are mutation, hybridization and selection. The differences between breeding agricul-
tural crops and evolution of living organisms are that the former is produced by
human being while the latter is by the force of nature. New agricultural variety
arises in a short period of years while new species in nature is differentiated after
a long period of geological age, and in the former case the product is weak needing
protection whereas in the latter it is resistant and wild. Breeding is oftern called
“controlled evolution”. By the process of evolution millions of different kinds of
plants, animals and human being were produced from simple microscopic living
organisms though it took hundreds of millions of years. These changes of tremendous
magnitude in evolution suggest that similar thing can happen in breeding work
under man-made environment,

Despite the wide spread of ginseng acreage in this country we have payed so far
very little attention on the improvement of variety. Authorities concerned have
ignored or delayed the breeding work on the excuse that breeding in this kind of
perennial crop is time-consuming and the institutional system is inadequate for the
experimental work. Ginseng cultivation in Korea has reached the point where
no further delay in the breeding work is allowed.

Ginseng is a perennial crop and it takes two to three years for the plant to reach
the flowering stage. This fact along with other disadvantages makes the breeding of
ginseng cumbersome and unattractive.

In the present paper the possibility of rapid improvement of ginseng variety is
discussed based on two ways of breeding technique: (1) conventional breeding and

(2) somatic cell genetics.
Ginseng Breeding by Means of Conventional Method

Hybridization' is a representative of breeding technique and majority of present-day
varieties in crops, ornamental plants and orchard trees are the products of this
mothod. But as far as ginseng breeding is concerned, hybridization is most unlikely
to be taken up because ginseng variety has not been differentiated at present not only
in Korea but also in other countries. This means that in ginseng there exist very
few known gene sources to be used in hybridization.

Ginseng is self-fertilizing but considerably out-crossing seed-propagated plant. In
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the ginseng farm it is expected that the population contains countless numbers of
variants with desirable morphological, ecological or physiological characters for yield,
quality, resistance to diseases, and root components. Some of the characters may be of
micro or invisible, while others may be of macro or visible. Ginseng grower, if he
is interested in the breeding work and makes careful observation of his field, would
select out numbers of lines with valuable agronomic characters from the population.
Even the invisible characters can be selected with relative ease due to the improv-
ement of screening techniques. This kind of line separation method can be achieved

comparatively in shorter period as compared to the hybridization breeding.

Ginseng Breeding by Means of Somatic Cell Genetics

In 1940°s pioneering studies of Beadle and Tatum on the mold Neurospora including
induction of biochemical mutants led to the development of microbial genetics. The
wild type Neurospora is able to synthesize all of its cellular constituents except biotin
from carbohydrate and inorganic salts. Mutants are incapable of performing certain
biosynthetic steps and can grow only if a specific growth factor is supplied in the
nutrient medium. The technique and knowledge obtained from the selection of
biochemical mutants in microorganisms could be applied in the breeding of higher
plants.

In higher plants it has been possible to induce callus mass from the differentiated
somatic tissue, cutlure the callus cells as single cell population in liguid medium and
finally redifferentiate adult plants from the cultured single cells. Moreover, haploid
cell population could be obtained from the haploid callus or plants originated from
the microspores of higher plants. These haploid cells when transferred to the differen-
tiation medium can regenerate haploid plantlets. As the haploid cells has z nuclear
phase, mutant characters can be expressed directly when treated with mutagens as
in the case of the induction of biochemical mutants from the molds. In this way in
higher plants mutant cells resistant to diseases or cells with higher content of certain
component can be produced, 2%!91® thus enabling the plant breeding to carry out
at cell levels.

Plant cell clones have been recovered which are deficient in the synthesis of amino
acids and other basic metabolites, or are resistant to drugs, such as streptomycin, or
to toxic compounds including amino acid analogues and bacterial toxins'®. Among
this latter class of mutants, Carlson? recovered mutants from mutagenized tobacco

cell cultures which were resistant to the glutamine analogue, methionine sulfoximine.
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This cdmpound has structural similarities to the bacterial toxin produced by the
pathogen, Pseudomonas tabaci, which causes wildfire disease of tobacco. Plant

regenerated from these mutant cell lines has an increased level of resistance to the

bacterial pathogen.
One of the disadvantages in plant breeding is the long period of years needed until

the release of new variety. Nowadays the science and technology are progressing
with rapid pace. Accordingly our taste for food, cultivation technique and struture
of agriculture are also undergoing rapid changes. Ten or so years of breeding period
is too long under such quickly changing situation. New variety developed may turn
out to be useless and has to be discarded. The other defect of plant breeding is the
fact that it needs acres of farm land and in open field the right season for crop-
growing is restricted.

These disadvantages of conventional breeding can be overcome by using millions
of in vitro cultured suspension cells and by repeating the experiment all the year
round in laboratory. This kind of breeding by somatic cell genetics is particularly
fit for such crop as ginseng which is perennial and whose major breeding purposes
are increment of certain component or resistance to diseases.

Viable protoplasts of higher plants have now been isolated from a large number
of species with the aid of cell-wall degrading enzymes isolated from several different
microorganisms. These naked protoplasts can reform cell-wall, fuse each other, and
regenerate mature plants,4-8,11~13,15

With the elimination of the cell-wall obstacle, these protoplasts should be ideal
receptors for foreign genetic material. Naked protoplasts take up such foreign
micro-structures as DNA, virus, or bacteria. Although it is not certain that whether
the foreign DNA is integrated into the genome of the recipient species or it can
express its genetic information,!¥ the facts that protoplast can be isolated and it
can regenerate adult plant are remarkable progress in the genetic manipulation at
cell level of higher plant. Someday it may be possible that protoplasts of ginseng
take up DNA concerned with synthesis of certain valuable component and they
redifferentiate full plants, thus bringing about a new type of ginseng plant.

Most genes are grouped together in large chains known as chromosomes. A few,
however, are combined in small rings known as plasmids. Techniques have been
developed for removing plasmids from their host bacteria, spliting them open

chemically, and inserting new genes into them. The new plasmids thus created can

then be introduced into other bacteria, where the genes start to change the hereditary
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characteristics of their new host bacteria just as if they had been there all along.¥
Hybridization at the DNA level is possible not only among bacteria but also between
bacteria and animals or between bacteria and higher plants. If these techniques can

be adoted to plants, then specific desirable genetic information, such as the genes
for nitrogen fixation, might possibly be transferred from nitrogen fixing bacteria to

plant 1%, If such non-leguminous crops as corn or rice could be given the genetic
ability to fix the aerial nitrogen, this could dramatically reduce the dependence on
expensive fertilizers for food production. One of the advantages of the breeding
by means of genetic manipulation at cell level is that it can be accomplished in far
shorter period as compared to the conventional breeding method.

Breeding of Korean ginseng is an urgent problem which must not be delayed
further under the pretext that it needs so much years or that experimental institution

is inadequate to do that work. Every means available has to be worked out to achieve

the rapid improvement of ginseng variety.
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