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COVER DRAWING

Artistic conception of the role of biotechnology in contributing to human
welfare and progress.

Sun the provider of ‘energy vital for survival of all life forms on earth.
DNA, is the basic common molecular alphabet of all life forms - from
microbes to man. What makes each organism unique or different is the
making of the different chemical sentences i.e. the precise ordering
of the chemical base units in a DNA molecule. The DNA double helix
along with Sun brings forth this unity in diversity and the
interdependance expressed among all life forms.

Biotechnology provides tools to change the chemical base units and
modify life forms - Transgenic plants, animals, microbes. It opens the
scientific horizon and promises better Food production, Healthcare and
Human welfare.
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PREFACE

Biotechnolegy is not new; in fact, it is as old as human civilization, if
you considér that human civilization began at the time man first scratched the
earth and planited seeds with the hope that he will harvest a crop he can dine ou,
rather than gather a handful of rice here, a com cob there, a bamboo shoot from
the other piace and feed on them, on the hoot 0 to say. In its broadest sense,
bio-technology refers to any technique whereby ran adopts biology to his
advantage or use or benefit. Therclore, if he uses a selected predator to control an
insect pest, develops a special vaccine to control a dread disease (may be Malaria
or Dengue fever) or uses tissuc culture methods to produce Lwge numbers of
selected plants, we are using biotechnological techniques. - However, in this
couniry, the laymen seem to think that biotechnology refers only to tissue
culture. This view was so widely held that, it was feit it would be an useful
exercise Lo get several scientists, working on various projects involviug
biotechnotogy, to give a resume of their work 0 familiarize this work o the
laymen here.

In the early inquires, we were not quite aware of the ramifications of
biotechnology in this country and the varied specialized ficlds of its application,
s0 we naturally concentrated on plant biotechnology, with the main emphasis on
plaat breeding and regeneration. We were then led 1o think that plant tissue
culture methnds were not yei developed to its fatlest potential in this country.
So we concluded that we will still have to import planting stock of very high-
yielding varieties of crop plants, with special characteristics like the swect taste
and casy pecling qualities of certain varieties of rambuttan, or seedless guava,
disease resistant Hevea, citrus and teak varieties from abroad. This brought in
its wake the natural hazards of introducing virulent discases of those and other
plants, not aiready preseat in our country, from abroad. The cure was worse than
the disecase! So we had (o think about the answer - plant quarantine, the
prevention of the entry of new diseases into a conntry by precautionary ineasures
backed by legislation. This was the original idea to fink plant bioechnofogy 0
plant quarantine and say that, that was the state of the art here. However, as owr
inquires went on. we found that almost all the ficlds of bioicchnology were
covered by scientists in the local scene, We located talented persons wotking on
such highly specialized fields as the technology of gene transfer, the production
of vaccines against malaria (in fact there arc thice parallel studies being conducted
on this very important and topical subject here), the use of gamma radjation in



plant breeding, and tissue culture was reaily a poor relation, in comparison.
However, we kept a part of our original plan going, and beld on to two
interesting aspects of plant quarantine measuores: first, the legislation and strict
enforcement of the Jaw on the one hand and the necessity to introduce large
numbers of new varieties of plants on the other. The two may seemn mutuatly
exclusive al first look; but heed not be $0. We tried o highlight this.

The papers read covered the fuli scope of bictechnology and described
work being done in Sti Lanka in the varied arcas and aspects of the subject. Itis
a real pleasure 10 note that work is actuadly being done here on gene aansfer, and
the Medical College. Colombo, bias to be congrawlated on running a Master's
programm in Bio-chemisiry invoiving gene transfor.

Dr.O.8. Peries,

Chairman,

Sci Lanka Standards Tnsiitation,
Juiy 1991,
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FOREWORD

Biotechnology, in the sense of intervention in the evolution of "the
natural order of things®, has a very long history; like all the other living
organisms, man too has affected the natural phenomena of which he is a part.,
The sense in which the term is used today, however, has its origins in the
concept of man as being, i some sense, superior (o the life arouyd him and able
to subject it, as a matier of right and without let or hindrance, to satisfy his own
necds, wants, cravings.

'‘Man' is here used in the generic sense but man and other living things
inhabit and constitmte a myriad different cuirural settings. These cultural
settings form the complex life support systems in which human culture values
are shaped by the varying degrees in which they harmonise with the world

within which they live.

The dominant accounts of "ecology”, "enviromnent”, currently
fashionable in thc West, are largely seif-serving and treat other patural
phenomena from the perspective of the dominant segimenis of human society as
ihings to be managed from afar. The selectivity shown in these accounts
provides its own reading of what is being said. The impact of the new
biotechnologies on the way of life of peaple in countries such as ours needs to
be reviewed against this backdrop.

In S:i Lanka today, as clsewhere, the academic community lies
marooned in little islets, little able to contribute to the human and intellectmal
feadership on which the survival of all societies depends and by which their
character is determined. -}t is in this context that we invited one for most

- distinguished scientists, Dr. O.S. Perics, to organise this symposium. We are

grateful to him for having done so and gratificd that a continuing dialogue
within our rescarch community hag been initiated through this symposium.



I thank the scientists who presented the papers which are reproduced
here, the other distinguished participants who stimulated discussion at the
symposium, Dr. Peries who put this publication together and Ms. Kala
Maheswaran who assisted bim in that task.

D.G.P. Seneviratne, Director,

ARTL
July 1991,
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Afterword

The demand for a reprint of this publication reflects the imporiance of
the subject, not only for the research scientists who are engaged in studies in this
ficld, but for the general public. It is a subject on which a number of
perspectives exist, but are rarely articulated with equal force.

Among the perspectives that receive the tribute of being sought to be
shut out in the media presentations that are engineered by the merchants of
biotechnology, is that which relates to the inmemorial knowledge that all living
things possess, of the actions, which impact on each other and themselves alt
the time, that they must take in order © survive,

The dominant perspective, however, is that presented {o a largely
iltiterate public in the indusirialised societies through the television media; such
educational programmes are, once more, only very ravely, “educational” in the
sense that they seek to impart all information that is necessary {or an

enderstanding  of the dimensions of ibe subject in their impact on the living

world of human and others.

Bio-tectmology, so presented seeks to draw on the assenances that have
been created in the sub-conscious and collective stock responses generated io
industrial societies, in which the processes of growing up have come te be

- subsumed or even replaced by a thirst for extending thelr “life-span™. Leonard

Woolf, whom all Sri Lankans literate in either English or Sinhala know of, in
his highly sympathetic and otherwise perceptive account of Empire and
Commerce in Africa, published in 1922, referred to the African people as
belonging 1o the “scn-aduit races”. What the world is confronted with today,
however, is a global challenge posed by the mind-bending and military power of
the nop-adult indusirial societics.

Viewed in this context, the usefulness of devejopments in understanding
biological processes would scem 0 be confounded by the uses to which such
changes are sought to be put. The framework of the Dunkel Draft for GATT,
which has in fact been far from a “genera)” agreement, presents all human kind
in all parts of the globe, with an overt, no less, Uireat of what I would suggest 18
“biotech terrorism™ on a scale that would make “narco terrorism™ seem like a
Sunday picnic. That picnic was a long time ago for most “developed” societies.

vii



while it still remains the central idiom in which the world view of “less
developed” societies is expressed. The cynicism, self ang all destroying, of the
GATT *“deal” seeks to put paid to all that.  As one of the most perceplive
commentators on industrial society, Naom Chomsky, recently put it
(Scandinavian Journal of Development Studies, June-September 1993), “The
cutting edge of industrial development i3 shifting to biology-based technology.
That 1s onc reason why the West, with the US in the lead, is insisting that
GATT agreements and NAFTA (Nowb American Free Trade Agreement) provide
enhanced protection for patents (Mintefleciual property™), thus locking the Third
World into dependency on high-priced products of Western agribusiness,
biotechaology, the phannaceutical industry, and so on. It is important o ensure
that TNCs control seeds, plant varieties, drugs, and the meauns of life generally;
hy comparison, elcctronics deals with frills”™,

When Dir. 0.8, Peries, whase “credeniials” as an outstanding scientist
need no accolade from me, died hetween the first publicativn of this book and the
prasent re-priv, the many tribuies that appeared in the press referred to his
character as a human being. His endeavours towards promoting studies in
biotechaolozy among our research scientists may be said to have reached a point
at which they could be informally formalised through the establishment of a
biotechnology “cenire without a centre” that T was privileged to have helped
locate within the marvellous physical infrassructure of the ARTIL

I thank Dz. P. Ganashan, Director, Plant Genetic Resources Centre,
Peradeniya for the trouble he has taken towards improving the text of the present
presentation of that symposiwm. 1 have no doubt that all scientists whose
papers are re-produced here and the many others who knew, loved, and respected
bim, would join me is dedicating this publication to the memory of Dr. Ossie
Peries. ‘

D.G.P. Senevirame
Direcios/ARTL
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- BIOTECHNOLOGY IN THE YEAR 2000

Ranjan Ramasamy, M.A (Cantab) Ph.Ib {Caniab)
. Professor and Coordinator, Division of Life Sciences
Tostitute of Fundamental Studies, Kandy.

Introduction

It is sometimes useful, when discussing fulure trends in an area of
technology, to counsider the history of its development, since this gives.the
exercise a sense of perspective. Biotechnology, in its broadest sense. is as 0lg as
buman civilization. Man has coexisted with bis environment that contains other
living organisms - bacteria, plants and snimals, - since his beginnings. There
has been an cbligatory inter-dependence between man and thie other forms of life
eg. for food, and cn the whole a balanced reiationship has been established (at
least uatl recently!}. Occasionaily in the past there have been traumatic
imbalances eg. famine due to crop failure and cpidemics cavsed by mutant
infeciious organisms. There has heen a constant atiempt by man (broughoot
history to make use of and improve the terms of his relationship with the
biological world. He has for exanmiple, developed betier yiclding, more drought
resistant crops and wtilised products of plants and Tower animals to improve his
quality of life eg. cotton, silk and antibiotics. The utifization of other living
organisins for production geared (o improving man's gaality of life may be
termed "Biotechnology.” Taken in this sense, the praciice of Bioiechnology
goes hack a tong way. Men in the Middle East are recorded 1o have transformed
wild varieties of wheat into the cultivated varicties, through selection of desired
traiis, as early as 9000 R.C. Rice culitvation was reported in South Fasi Asia
by 4500 B.C: Domesticated varietics of sheep and goats were known by 7500
B.C. and cattle a {ew mitlennia fater. The cultivation of cotton for producing
cloth was recorded in the Indus Yalley by 3000 B.C

. In the last decade however we iave seen A very dramatic improvement in
our understanding of the biocjogical world, at the level of cefls and molecules.
Indeed the growth in this knowiedge has been an exponential one and has beon
accomparied by a corresponding quanium leap in the practice of Biotechnology



The elucidation of the structure of deoxyribonucleic acid (DNA) in the
early1950s was a landmark in both Chemistry and Biology and gave birth to a
new science - Molecular Biclogy. This and the subscquent discovery of
restriction enzymes i.e. enzymes that cleave DNA particular sequences of
nucleotides, were critical scientific discoveries that led to the development of the
technology of gene cloning. Modern biotechnology makes use of numerous such
-advances in basic or fundamental science to exploit the potential of other living
organisms for human benefit. The definition of Biotechnology that I use in this
lecture is somewhat broader than what is often staied clsewhere. For example
the European Federation of Biotechnology in 1981 adopted the following
definition: "Biotechnology is the integratcd use of bicchemisiry, microbiology
and chemical engineering in order 10 achieve the techmological application of the
capacities of microbes and cultured celis”.

Different Areas of Biotechnology

Biotechnology may be broadiy classified, for the purpose of this lecture,

into three areas depeunding on the type of human activity involved. These are
bictechnology in relation to Health, Agriculture (including Aniinal Husbandry)
and Industries.

Biotechnology in Relation to Human Health

Biotechnology can be applicd to improving the health of nations in
many ways and I would like to illustrate a few of these in some detail.

(i) Development of Vaccines

Infections are a major cause of human illness and death in tropical
countries. Poverty, undernutrition, illiteracy, lack of praper medical care and
poor hygienc contribute 1o the spread of infections organisms which include
viruses, bacicria, protozoans and worms.  Immunization remains the principle
method of preventing infectious discases. A notable success of the vaccination

approach has been the eradication of smailpox. Vaccincs based on defined .

molecules of the pathogens (termed molccular or sub-unit vaccines) afford many
advantages over the more conventional vaccines based on attenuated or dead
pathogens. Indeed in the case of a malaria vaccine, coaventional vaccines are

2

N
&




unrealistic hecause Plasmoditon fulciparum is cultured in human blood and such
blood-derived vaccines may transmit pathogens such as the huaman
immunodeficiency (AIDS) and hepatiiis viruses. Different forms of molecular

vaccines are @ a) a recombinant proteins based on the amtigens of pathogens,

cloned and expressed in bacteria, yeast or svitable cukaryotic cell lines, b}
synthetic peptides contairing the epitopes recognised by protective antibodies
and immune effector cells and ¢) recombinani viral vectors (carriers) such as
Vaccinja engineered to carry genes coding for pathogen antigens The

“production of molecular vaccines on a Jarge scale, is an area of Biotechnology

that has particular relevance to countrics such as Sri Lanka. Such ventures are
oot unrealistic. For example, a recombinant vaccine against Hepatitis B, based
on the major viral surface protein, is already marketted by Smith, Kline and
French. My laboratory at the IF'S is intcrested in the possibility of developing a
synthetic vaccine against malaria. We have cvery reason to hope that we will
have a malaria vaccine before the end of the decade.

(ii) Immunodiagnostics

The dlagnous of discase often depends on seroiogical typing of

' pathocem Polyclonal antibodies present in most typing sera often lack adequate

specxfmty in this regard. The advent of mornoclonal antibodics has
ey oluunmxcd umnuno—dmwnmncs Because of their unigue specificity, they can

'be wuseful in detecting minor variants of a pathogen eg. Dengue subtypes. To
. give you a practical example, let me cite an instance where, before commencing

work on an Apstralian wrbevirus in an.bd—ne, I got inyself tested for previous
exposure to the arboviruses. The test consisted of screening my serum against
antigens from a panel of different arboviruses. To the great concera of the
technician it appeared that I reacied positively with al} of the half dozen or'so
virus antigens, some of which were derived from quite lethat viruses. The matter

..was cleared up only when I remembered that 1 had been vaccinated against

Yellow fever, which is caused by an arbovirus, many years previously.
Obviously my scram contained antibodies againsi the Yellow fever virus which
cross-reacted with all the other arboviruses that were included in the test. Such a
serum would therefore have heen useless for specific diagnosis of an arbovirus
infection. The reaction of a monoclonal zntibody on the other hand can be made
much more specific for a single arbovirus,



(iii) DNA Probes in Diagnosis

The enzyme DNA polymnerase had the distinction of being described as
the molecule of the year by the journal "Science” in 1989, This is because a
heat stable form of the enzyme isolated from a bacterium that grows in hot water
can be used in‘a process known as the Polymerase Chain  Reaction to generate
millions of copies of a given sequence from a molecule of DNA. The PCR
reaction has spawned many applications and ohe of the most useful is in the
diagnosis of disease. Where the DNA sequence of a part of the pathogen genome
is known, the PCR reaction can be used to amplify the sequence over a
miliionfold, the amplified DNA can then be detected with radioactivity or
enzymatically labelled and synthetically made complementary DNA, termed a
DNA probe. The use of DNA probes provides a very sensitive and specific
assay for the detection of early stages of infectious diseases.

(iv)  Cancer Immunotherapy

In cancer therapeutics monoctonal antibodies are directed against
tmour-specific antigens that are aiso covalently linked to a celi toxin molecule.
Such antibodies have been termsed "magic bullets” but their use in man is still
held back through some practical problems.  One problem is that many
monocionals are derived {rom mice and that patients thount an mmune response
against the foreign antibodics. However, it is now possible to make human
nomoctonal antibodies and indeed genetically engineer mous: monoclonals to
assume human antibody characteristics. Many of th problems assoc lated with
magic bullets are likely to be overcome with the decade.

(¥} Cancer Km.t;zmo

Cancer imaging is carricd out through wmour specific monocional
antibodies that are tagged with radioactive or beavy aioms, Ilns!,cbmquc yiclds
information on the location and ’\‘ﬁr;;"lff of iumss by a relatively nos-tnvasive
technigue, that would be haed 1o obtain ptherwise ‘

e

(vi}  Tissue Typing

Before transpiantation 1s necessary & match the donor and recipient
tissucs for histocompatibilfity antigens. This is to avoid graft rejection
determined by incompatible antigens. Monoclonal aptibodies, because of their
great specificity are very valuable in this task. Similarly monoclonal antibodies
are becoming the reagenis of choice for blood group determination.

&



{vii) DNA Fingerprinting in Forensic Medicine

The pattern of restriction enzyine digested DNA after separation by size

on an agarose gel is characteristic of an individual. The use of the PCR reaction

- improves the scusitivity of the detection which is performed with a radiolabelled

or enzymatically labelled DNA probe. This technigue can be vsed to trace the

origin of human tissue samples such as bloed (2-5 microlitres), hair follicles

(single hair) and semen (1-2 microlitres). Forensic evidence of this naturc is

now accepted.in many law courts and is likely to become widespread within the
decade. :

(viii} DNA Anpalysis

: DNA analysis is used in determining gengtic predisposition to inherited
disecases. Considerable effort is being directed towards identifying the genes
responsible for many inherited discases. Genetically transmitted discases include
many types of cancer, haemoglobinopathies, cystic fibrosis, muscular
dystrophy etc. While many of the responsible genes have been identified, if is
possible to associate several unidentified genes with specific changes in
restriction enzyme digest patterns termed Restriction Fragment Length
Polymorphism (RFLP). The RFLP patterns can then be used in diagnosis.
This analysis can be performed on DNA, solated from the cells in the amniotic
fluid and provides a method of antenata! diagnosis. An analysis of the DNA of
prospective parents, with-known disorders in the family, provides a basis for
genetic counselling. Kits for DNA analyvsis for specific inherited diseases arc
already in the market and will become more common i the years o come.

(ix} -~ Production of Physiologically Active Proteins

~Many proteins that are pharmacologically active or vseful have the
potential for production by recombinant DNA techniques in commercially viable
quantitics. Molecules such as tissue plasminogen activator and interferon are
-already produced in this way: We can anticipate many more recombinant
proteins, particularly blood products. to become available soon.



{(x) Gene Therapy

Gene theraphy ie. the correction of genctic defects and the
improvement of humans by the introduction of new genes 2t the somatic stage,
is the uitimate dream of molecular biologists. As a matter of fact, this dream
became a reality in a small way in May 1989 at the National Institute of Health
in Betheds, Maryland, USA. A team of investigators introduced the gene for
REOMYCIn Fesistance o tumour infiltrating lymphoeytes (T1L) from a patient
terniaally il with melanoma, Vhe TIL veated with 1L-2 treated recombinant
TIL were reintroduced into the patient W order 10 follow the tissue localisation
of the ntroduced cells by the use of the neomycin resistance marker.

In the near futire experimenss with recombinant stem cells carrying the
gene for adenosine deaminase, which atfects tvinphocyte function and causes
immunodeficiency are planncd.  While gene therapy will undoubtedly be
practised in the future, it is ikely 16 be bmited 10 a fow discases and will be
resiricted by ethical considerations,

Biotechnolugy in  Relation 1o Agriculture and Veterinary
Medicine

Many of the applications of Ziotechoology that have been described for
human medicine are also of value in Veterinary medicine e, diagnosis of
infections, vaceines, ete. However, & major application of genetic engincering
in regard to animals is i siock improvement. The production of transgenic
mice is now a relatively uivial procedure and involves the introduction in vitro
of embryo cells from one strain of mice into the blastocyst of another, followed
by impiantation Ino a pseudo-pregnont female mouse. The donor cells, which
can of course be from the sane sirain as the host, may be engineered e carry
specific genes and if they are puripotent stem cells, the latter may be able to
transmit he intreduced gene drough the germ line. '

The mtroduction of buman growth hormone gene into mice in this
manned leads o gigantic nice, becanse of overproduction of the hormore.
However the smme gene in pigs does not lead 1o a much bigger animal,
presumably becavse selective breeding by man has already ensured an optimal
size. Butthere are numerous physiological changes both favourable (production
of leaner meat; and uniavourable (physiclogical discase). These results are only



a beginning and other work in progress include, for example, the‘prbdliction of
sheep with improved wool guality, Genetic engineering is likely to go hand in
hand with traditional breeding procedures for stock improvement in the future.

It bas been estimated that Plant Biotechnology is a hundred times
bigger than human health related Biotechnology in terms of the potential
financial wrnover. Much of the activity in Plant Biotechnology involves the
use of tissue culture for the propagation of elite genotypes and the use of genetic
engineering to produce plants of the desired gerotype.

As a simple example of the use of plant tissue culture, we can take the
case of the giant bamboo. It has been suggested that soil erosion along the
banks of the Mahaweli river may be minimised by planting the giant bamboo.
The bamboo has an extensive root system that binds soil well and s also a plant
that grows well in the river banks., However, this plant only flowers once i
every 70 years or so and therefore ssue propagation to obtain plantlets may be
the only way of obtaining large numbers of plants of a specific type, free from
viruses and other -pathogens. Another application of tissue culiure is as an
additional effort, after the collection of sceds, to preserve plants in danger of
extinction.: Valuable germplasm that is fast disappearing may be preserved in
this manner.

» As an example of genetic engineering we may consider the production
of herbicide resistant cereal plants; although the widespread use of herbicides is
not recommendable due 1o adverse environmental conscquences. It is possible o
isolate a gene for herbicide resistance ‘and recombine the gene into the plant
genome thereby producing a transgenic plant fesistant to specific herbicide.
Fields of such herbicide resistant plants can then be acrially sprayed to remove
weed growth hence improving yiclds relaively cheaply. Crop plants that are
resisiant to bromoxynil and atrazine have: been produccd in ths way. '

Genetic - engineering in-plants has involved the cloning of the gene of
interest'in an E. coli - A.twinorfuciens shuttle vector and then recombination
into theTi plasmid of A.fumorfaciens. This is in torn used to infect plant
tissue and transfer the genc of interest into the plant genome by recombination.
The Agrobacterium technique works well with tomato and poiato plants of the
family Solanaceae but the resulis with monocotyledonous cercals and other
economically important plants bas been unsatisfactory. Electroporation, where
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genes of interest are duecily inroduced into the plant genome, through pores in
the cell membrance inducad by an clectric current, is now the technique of choice
for plant celis.

The production of genetically engmeered plants has aroused concem
among environmentalists. The concern being that, as a result of major gene
polymorphisms, invasive weeds may be produced W genetically engineered
plants.  Also, engincered plants may he able o transfer their aits by normal
sexual reproduction 1o neighhouring weedy relatives.  In all these instances,
invasive weeds can be the resuit (vg. carrying the gene for herbicide resistance).
The solation to this dilemraa les, of course in careful regulation of the relcase
of genetically engincered plants,

Similarly genetic engineering can be used to introduce wany other
csirable gualilics eg. inscct pest resistance, pathogen resistance, be
desirable qualitics eg  pest resist pathog tance, better seed
guality ole. into target planis,

Other major apphcations of biotcchnology in agriculiure include:

i) fdeotfication of plant pests (especially in seeds) using DNA probes and
monocional antihodies.

() _Production of mmproved nitrogen fixing symbionts eg. those that are
betier adapted w unfavourable soil and climatic conditions.

{iii) Use of RFLPY analysis to identify useful genes in the plant genome.
This mothod can greaty simplify the process of classical plant
breeding,

(iv} The production of genetically engineered microbes for the biological

contol of inscct pests.  The classic example here is Bacillus
thuringiensis, which produces a delta endotoxin thae kills many insect
species, Insects bowever can develop resistance to the toxin.” Genetic
enginceriag may be.uscfully applied to produce toxins with greater

i RELP Aralysis - Restviction Fragment Length
Polymorphism

o
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specificity and to overcome insect resistance. A recent development
lics in the production of juvenile hormone csterase by Baculovirus, a
virus specific for lepidopteran insccis. The enzyme breaks down
Juvenile hormone i insects which is necessary for the maintenance of
larval stages. Normally the esterase makes its appearance at the late
larval stage thereby reducing the juvenile honnoune levels which in turn
gives rise to pupation. If a Baculovirus containing cloned esterase is
used to infect young larvae, the larvae stop feeding and die. Such a
Baculovirus is another potential genetically engi.cered insecticide.

Industrial Bictechnology

The production of ethanol by yeast induced fermentation is an age old
biotechnological process. However this has now been cxiended to the
production of other industrially important chemicals such as acetic acid, amino
acids, fructose, antibiotics etc. Enzymatic processes are being developed for the
economical conversion of woody material and other-agricultoral by-products into
uscful substances such as sugars. In Sri Lanka, we have the potential to use tea
waste and rice straw. Of course, plants may also be specially grown for
providing material for bicconversion. it should be noied in this context, that
plant cclls in fissue culture are a source of medicinal chemicals, flavours and
vitamins.

~ Enzymes are also beginning to find uses as probes to detect
concentrations of chemicals cg. oxygen, in industrial manufacturing plants i.e.
they act as biosensors. A simple example of this use is the dipstick methed for
detecting glucose in uring, for diagnosing diabetes, where the enzyme involved is
glucose oxidase.

Major advances have afso been made in the use of micro-organisms for
the treatment of wastes. A bacterivm that degrades hydrocarbons, and is
therefore of usc in clearing oil spills, created history by becoming the first
living organism to be patented in the world. The treatment of sewage effluents
and industrial effluents containing toxic chemicals, using micro-organisis, is an
arca of intense investigation,

Another useful application is the use of microhes in mineral extraction.
As rich mines become exhausted, we find ourselves turming to leaner deposits of



metals.  Microbtal loaching provides the angwer as it is cheaper,

cavironmentally sound and capabie of officient ¢xiraction eg. the bacterium

Thiohactilus ferroxiduns has boot used for extracting copper in fud
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d Investments in biotechnology industries can also lead to significant
import substitution over the next few decades, since there is likely to
be an increasing demand in Sri Lanka for biotechnology pmducls in the
Health and Agriculture sectors.

€. Employment opportunities for qualified youth in biotechnology related
activities is bound to increase. Although it is difficult to estimate
numbers, a prediction of several tens of thousands for a relatively low
investment may not be an unreasonable estimate.

CONCLUSION

It is reasonable to conclude therefore that modern Biotechnology offers
exciting prospects for improving the quality of life of man, here in Sri Lanka
and eisewhere in the world over the next decade. We must sow the seeds of
Biotechnology immediately if we are to partake in the harvest to come.



GENE TECHNOLOGY FOR DEVELOPMENT

Professor Eric H. Karunanayake, MBBS, Ph.D.
Department of Biochemistry :
University of Colombo, Sri Lanka

. An explosion of knowiedge is shaking the science of biology, an
explosion that is already tonching the tife of each one of us. At its centre is-
chemical information - information that our cells use, store and pass onto .
subsequent generations. With this new knowledge comes the ability to
restructure the molecules that program living cclls.  Already this new
technology is being used to solve problems in diverse areas such as waste
disposal, synthesis of drugs, treatment of cancer, plant breeding, diagnosis of -
human discase and most recently in forensic science.

- The new biology also tells us how. the chemicals in our bodies
function; we may soon be. programming ourselves and writing our own
biological futurc. When this happens, cach of us will be confronted with a new -
set of personal and political choices. Some of these difficult and controversial
decisions are already upon us, and ihe choices will not get easier. Informed
decisions require an understanding of molecular biology and recombinant DNA
(rDNA) technology or more popularly known as Geneidic Engineering.

Genctic engineering of fDNA could be defined as the manipulation of
the information content (genetic materiai) of an organism to alter tbe- .
characteristics of that organism. Genelic engineering may usc simple methods
like selective breeding or complicated. ones like gene cloning. The use of such

A lecture on the same topic was delivered by Prof. Kanmanayzake earlicr.

This is reprinted from: The Pmce.cdings of the First Annual Session of the
Organization of Professional Associations of Sri Lauka, 6-9, October 1988,
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genetically engineered organisms for the large scale production of
pharinaceuticals, hormones, agricultural products is a major aspect of present day
biotechnology.

The chemical information which makes a microbe different from a
whale or a man from a mouse is contained in Deoxyrybo-Nucleic Acid (DNA).
The genetic engineering industry that is rapidly advancing today, owes its
success to the famous discovery in 1953 by Watson and Crick, that DNA
molecules come in the shape of a double helix. In their, now classical paper in
Nature, March, 1953, Watson and Crick stated "it has not escaped our notice that

- the specific base pairing we have postlated immediately suggests a possible
copying mechanism for the genetic mnatertal™.

The helixes can be thought of as twisted Jadders or a spiral staircase
with the rungs made up of four differcnt chemicals known as nucleatide bases.
The chemical names of these four nucleotides are Adenine, Guanine,
Cytosine, and Thymidine, abbreviated A, G, C,T. These four letters form
the alphabet of the language of life. These chemical bases arc always arranged in
pairs. When A oceurs in one swrand T occurs opposite on the other strand, G
pairs with C. This is known as the complimentary base pairing. Thus the
arrangement of sequences of bases in one sirand determines the sequences of
bases in the opposite strand. The two strands are said 1o be complimentary.

A, G, C and T when strung together compose "sentences” or genes or
sentences in the language of life. A genc confers, for example blue eyes for one
and brown eyes for another. A typical gene bas about 1000 base pairs, some
may have as many as 200,000, In contrast, the human genome, that is the
total DNA carrying all the genetic information and non-genetic sequences is
about 3 x 109 base pairs. It should therefore be apparent, that looking for a
human gene in this huge and compiex molecule, is comparable fo the proverbial
Jjob of searching for a needie in a hay stack!

As predicted by Watson and Crick in their paper in 1953, the
complimentarity of two strands is the fundamental mechanism allowing for
transfer of genctic information from parent to the offspring. Following the
separation of two parcni strands a new complimentary strand is synthesized
using each of the parent strands as templates, resulting in two daughter duplex
DNA molecules (Fizure, 13,

o
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Humans are believed to carry approximately 50,000 genes
corresponding to 50,000 proteins, all of which are not yet characterized. The
definition of rDNA as adopted by the Gene Manipulation Advisory Group
(GMAG) of Britain says "the formation of new combinations of neritable
material by the insertion of nucleic acid molecule, produced by whatever means,
outside the cell, into any virus, bacterial plasmid, or other vector system so as
to allow thexr incorporation into a bost organism in which they do not paturally
occur but i in vducb thcy are capable of pmpagauon"

Why Use Gene Technology

There are several reasons for the need o clone 2enes:
&

i. The DNA content of higher organisms is enormously complex. As
previously described the DNA content of each buman cell is 3 x 109
base pairs.

ii. The isolation of individual genes by convemtional methods is
impossible because,

- ay  of the relative low abundance. Most genes are presented only once
in cvery celi. Human genome contiins approximately 50,000
genes,
b) great deal of DNA has no apparent function
iii. The chemical homogeneity of genes. Tne only difference between two
genes is in the nucleotide base sequence. No krown physical or
chemical method can effectively distinguish between two genes.

The technology of gene cloning is able not only to overcome the above.
constraints but also provide means for the amplification of genes and gene
products.

Denaturation and Renaturation of DNA

Another important property of DNA arising from complimentarity,
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which is applied in almost every gene technology experiment is known as
denaturation and repaturation of DNA. When the DNA molecule is heated to
1009 C, the two chains separate out. This is known as denaturation, If it is
allowed 1o cool gradually then the two chains once again form the double
stranded structure duc i complimentarity of two chains. This is known.as
renaturation (Figure 2).

Restriction Enzymes

An important iandmark in the present day development of gene
technology is the discovery of reswriction enzymes. Certain proteins - calied
enzymes - that "chew up” the DNA of viruses invading bacteria, thereby
restricting the growih of the virus and protecting the bacierial cell, turmed out 1o
he pature’s chemical "scissors™ and essential 1004 for the genetic engineer. These
special proteins atiack and cut GNA molecules at specific sites. There are many

. kinds of restriction enzymes.  Some are specific for a sequence of four
nucleotides, some for five and others for six. When a cleavage is required at an
exzct spot atong a DNA mojecule, the proper enzyme is selected to do the job.
By vsing these chemical scissors, specific sequences of DNA - genes - can be Cut
out of 2 complex DNA molecule resulting in a discrete set of fragments.

Vectors

The discovery of double stranded circular DNA molecules ir bacteria
replicating independent of the bacterial chromosome is another landmark in the
development of gene technology. These are known as Plasmids. These
plasmids were also found to carry genes which confer upon the host bacterial cell
the resistance to antibiotics such as tetracyeline, empicilling etc. Thus these
plasmids while coexisting within the host bacterial cell, also provide means of
surviva! for the host in adverse conditions such as exposure to antibiotics.

. These plasmids became the geaetic enginecr’'s molecular vehicle for the transport
of a foreign gene into the host bacterial cell. Nowadays, not only the plasmids
but bacterial viruses, known as phages are also used in gene cloning
experitents,

Gene Cloning

A typicat approach of gene technology to isolate a human gene of
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interest is illustrated in figure 3. This approach is also known as genc cloning
because it leads to the isolation of a clone of bacteria carrying the gene of
interest. Following the cloning of a gene, the next step involves the
identification of the gene of interest. The basic steps mvolved are outlined in
figure 4.

How can this Technology Contribute Towards Development?

Let us now ask the question how ‘this technology can contribute
towards development? For any development strategy to be successful the
following requirements may be considered an a pnon.

2y Healthy nation

b) Viable agriculiure

¢) Viable industry
Healthy Nation

In order to provide a healthy population the following facilities are
essentiai:

a)  Efficient methods of diagnosis of diseases,
by Effective drugs for the treatment of discases,
c) Effective methods for the prevention of diseases,

If one considers Sri Lanka, the major diseases affecting the population,
thereby adversely affecting the development plans both already implemented and
those ear-marked could be classified as:

i. " Infective diseases:

a) Parasitic discases eg. Malaria, Filariasis,

b) Bacterial diseases eg. Diarrhoea, Venereal diseases,

¢ Viral diseases eg. Japanese encephalits, hepatitis,
it.  General pathological discrders of the human body:

1?7



Tg Respiatory disca
by Teart diseases,
¢y Cancer.

iii. Genetic diseqsas

3 P y e e
The effective managorms

u of these disenses reguires reliable methods of
dingnosis, i’"i:lli,ﬂu.iﬁ and provention,

E‘memms of Gene VTechnalopy to bmpreve PHagnostic Methods

In ovder 1o instraie the applivatdon of genetic engineering to improve
diagnostic methods, 1 is convenient 16 consider malaria and filardasis, The most
conventional method of malwia dingnosis s hy microscopy. where a sample of

viood taken from ihe padent iz cxamiped for madarial parasite under a

microscape. Siundiariy for i 2 swnple of blood coliected between 2100h

¥ iii%h.

- 2400k is examined for nucrodilariae microscopically, The advantage of gns

method is thixt no sophisticaied instruments are required exepl a microscope and
a yrained microscopist. However, if § srasiiaeinia is vory fow, as i the case
of malasia, the tochnici may bave zo '\"{}a}li(’f 30-40 minuntes per patient for
aceurate diagnosis or cthorwise the dlagnosis may be missed. o view of the
reporied resistmee of Plavmodiwn falciparam o some antimalarial drugs,
accuraie detection of the spocies of tw alarisl parasite is essential for

mstituiing effective gesinment., Purihermore, when the prevalence of the disease
%L ¢ epidemic preporiions,  the availabiley of twebhuicians and the time
sguired for microscopic examination mal
m} treatment. ‘

become fimiting in rapid diagnesis

ﬂ(m,«;i within & d;w with very
A molecule is unigue to all
there are also sufficent
siating between.oven
fﬂ.g;g;uscnm weehnigues. such species
. i, amplified and developed as DNA
or the Li‘.s‘aﬂzmm.\; of mukaris tiariasis, These fragreents known as
repﬁi& Ve seuiences OV in hz, parsite gensome o high COpy numbers.
Using these Z N probes and the echnigue of pucleic acid hyhridization, based
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on the property of denaturation and renaturation, it is possible io detect the
parasite DNA in buman biood thereby diagnosing the disease and also
establishing the specics of parasiie.

The advantages of the DNA based technique are the species specificity
of the probe and the ability to handle several hundred samples in one day. The
disadvantage is the need to use radio-isoiopes. However, nonradioactive
detection methods are also currently available, but with less sensitivity than
radioactive detection methods. Both the researchers ail over the worid and the
companies developing diagnostic methods are fully aware of the need for
nonradioactive labelling procedures in order to make this technology more
accessible to the developing countries as well as for field applications. The
developments in this field are taking place at rapid speed and a nonradioactive
method with increased sensitivity is a certainty in the near futnre. |

DNA probes also will be very useful in the vector control programmes
and cpideomiological surveys. In particular, the present vector control
programmes in filariasiz involve the collection of mosquitoes from endemic
areas, followed by microscopic dissection to look for Lj larval stage of

Wuchereria bancrofti, the filariasis causing parasite in Sri Lanka. Thisisa
very laborious and time consuming process and requires expertise. In contrast, a
W.bancrofti specific DNA probe, can detect Ly larval stage by DNA
hybridization iechniques. Here again a large number of mosqmtoe'-‘ can be
screened within one day. Such probes have been already developed for Brugia
malayi and Brugza pehangi the humdu and ammal filarial parasites present in
other countries of the region,

Genetic Diseases .

The classification of genetic diseascs is given in Table 1. The majority
of these diseases are serious, none are curable and relatively few are treatable.
Thus prevention is the only alternative. This requires detection of carriers of
defective genes, genetic counselling, prenatal diagnosis and selective therapeutic
abortions.

Untii the development in genetic engineering during the last decade
(1978-1987), the technigues available for the diagrosis of genetic diseases were
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karyotyping and biochemical methods. The technique of karyotyping can detect
major chromosomal aberrations only. This technigue cannot detect molecular
defects at the molecular level of the gene. The biochemical methods were also
inconclusive as they depend on gene products.  Both these techniques were also
not applicable in the detection of the cairiers of defective genes, particularly X-
linked recessive diseases. Thas prenalal diagnosis of genetic discases such as
Duchenne Muscular Dystrophy, X-linked mental retardation and Thalassacmia,
Phenylketone prea couid not be nnderiaken with any hope of success.

) With developments in gene technology, in contrast, almost fool-proof

diagrosis and carrier detection of some of the most lethal genetic diseases can be
carried cut woday. These include Duchenne Mescular Dystrophy, - progressive
degencration of muscles resulting in death in the third decade of life -,
Thalassacmia, Hemoptiithia and several others. Over the last fow years molecular
iglogists and clinicid geneticists have concentraded their efforts in cloning and
amplification of DNA fragments from the human genome which are closely
linked with a given penctic disease. These DNA fragments serve as tools for
diagnosis and camier detection of defective lethal genes, Using these DNA
probes and chorionic villi samples from as carly as 7 weeks of foetal growdh, it
is possible to predict with excellent accuracy whether a foetus is carrying a lethal
genetic defect. - A decising then could be mken to resort to therapeutic abortion.
A list of cutrently availuble gene probes is given in Table 2.

Heart Discases

Cholesterol, atherosclerosis anid heart diseases are very popular topics
todav. What is perhaps not very well known is the fact that two biomedical
scientists working in close colisboration for over two decades at the University
of Texas Medical school, on cholesterol metabolisim became the: recepients of
the Nobel prize for Medicine and Physiology in 1985. The ultimate scientific
achievements of these two scientists, Goldstein and Brown, was the application
of gene technology o the evalnation of molecular mechanisms of cholesterol
Tetabolism and how derangements in the molecular mechanism, could lead or
predispose one to heart discase. '

The contribution 1o our understanding of the molecalar mechanisin of

cholesterol metabolism in the human, makes it possible to predict the
predisposability of one fo the development of hean disease or whether one carries
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a genetic defect which would lead 1o ap untimely deaih carly in life. That is the
state of the art as it exists today, but with the rapid advances taking place, it
may well be that gene replacement therapy becomes available socon, perhaps
with the advent of the 21st century. This may provide the patient carrying a
completely defective geue in cholesterol metabolism or {or any other genetic
discase, 10 be replaced with the correct gene.

Drugs and Other Pharmaceutical Products

Genetic engincering now allows biological synthesis and large scale
production of several proteins. The first such therapeutic agent to be produced in
large. scale using a genetically engineered micro-organism was human insulin
which came into the market as early as 1979, This was 2 milestone in the
success of gene technology. This achicvement also led to massive investments
by most pharmaceutical companies on gene technology related projects with a
commercial potential. In less than a decade these invesunents have brought
urexpected dividends pinning into millions of dollars. Table 3 gives some of
the phammaccutical products currently produced genetic engincering methods, and
all are used in the treatment of human disease. If not for the technological break
throughs of genetic engincering, no entreprencur would have ever dreamt of
investing in the commercial production of most of these pharmaceutical
products. Thus the fatc of hemophiliacs today is much more promising with the
availability of blcod clotting factors Vill and 1X, and need not depend on regular
blood transfusions. The adverse effects of such transfusions are well known,
particalarly the risk of infection by AIDS virus.

Potential of Gene Techwnology for the Production of Human and
Animal Vaccines

In the field of development of vaccines for both human and animal
diseases, gene technology provides an immense potential. Techniques for
production of efficient vaccines have becn known far more than a century and it
is today a well known fact that smallpox has been eradicated from the earth duc
to a successful vaccination programine. Also the peliomyelitis vaccination has
been of tremendous importance to mankind, The classical methoks for vaceine
production are however in many wavs cumbersome and cxpensive, since the
production of animal virus vaccines requires large scale growth of tissue culture
cells. Some micro-organisms which are of great medical significance are,

[ 3]
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moreover, difticult to propagatc under laboratory conditions. It is anticipated that
genctic engineering could circumvent these shortcomings and be used to produce
efficient vaccines.

Vaccines produced by secombinant DNA wchnology would be expected

to have a number of advantages as compared with vaccines produced by
conventional methods:

8
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The vaccine will not contain the entire infectious agent, thus eliminating
the risk of spremding infectons during the manufacturing process or by the
handling of large volumes of the infectious agent. This problem is of
considerable importance for instance, in connection with production of
vaccines against hepatitis B virus and foot and mouth disease virus,

Noinactivating processes are required and loss of activity due to deleterious

effect of the inactivating process is avoided.

No test of innocuity of the vaccing is reguired at least in terms of residual
activity.

Techuicaily demanding large scale cultivation of mammalian cells is not
requared.

Considerably larger guantities of any vaccine could be produced by
recombinani DNA technology. Hence, shortcomings in potency may be
overcome by scale of production, ’

Handling of the vaccine will be less demanding since vaccines can most
likely be produced which do not require refrigeration and the same careful
handling as conventional vaceines. This will facilitate storage and
distribution.

Production costs are likely to be cheaper and the vaccine supply will
essentially be unlimited, once a suitable recombinant strain has been

constmcted for vaccine production.

The principle behind the use of genetic engineering for vaccine production

is that one or a limited number of genes from the pathogen in question are
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msened xmo a vector which then is uansferred to a suitable host for expression.
A prerequisite for the construction of vaccine producing strains is that the gene ~
is known that encodes the antigen or the antigens which induce protective
antibodics. :

Already great strides have been made towards the production of a vaccine
against malaria caused by Plasmodium falciparum the most iethal form. Several
stage specific target antigen genes have been cloned and charactmzed Of these,
the most promising one has been the gene codiag for the cnrcumsporozmte
protein of the parasite. Antibodies raised against synthetic peptides or
recombinant proteins expressed in bacteria bave been shown to inbibit
sporozoite invasion of liver cells, Several leading groups all over the world are
concentrating on the production of a sugcessful vaccine against malaria and it
may well be that such a vaccine becoines available before the end of this

century.
Agricuiture

Sri Lanka, like most other developing countries in Southeast Asia, has an
agricultural based economy. Our staple diet is rice. The major foreign exchange
earning commoditics are tea, rubber and coconut. The potential of geite
technology in increasing the productivity and the quality of these agricultural
products is tremendous. The productivity of these agricultural products is at the
mercy of namral phenomena such as rainfall, susceptibility to pests and the
availability of fertilizers, The extremely high cost to the national exchequer on
the imporation of symheuc ferulmers such as urea and the pesﬂcxdee and

- weedicides needs no emphasis.

The teéhndidgy of genetic engineering provide, perhaps an unlimited
potential, if only properly hamessed in making this nation self-sufficient with
its food requirements.

Chemical control of insect pesis is estimated to cost more than US$ 3
billion per year worldwide. Over USS$ 400 million is spent each year for control
of Lepidopteran pests in the US alone. The genetic engineering of insect
tolerance into crop plants is therefore a goal of significant interest to agricultural
biotechnology. Bacillus thuringiensis (B.t.) is an entomocidal spore-forming
bacterivm. Most strains of B.t. are specificaily lethal to Lepidopteran insects
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e.g. larvac of moths and butterflies. This insecticidal activity resides in a protein
produced by B.t. The Scientists at Monsanto Company, USA, have successfully
introduced this gene for the protein into tomato plants to produce what are called
transgenic tomaio plants, These transgenic tomato planis expressed the foreign
geae of B.t. and plants were resistant to Lepidopreran insects.

The damage caused by frost to agriculture is another major problem in
temperate countries. It is known that certain bacteria prevalent on plant leaves,
especially Pseudomonas syringae produce a protein that facilitates the nucleation
of ice crystals, leading to frost damage. Stephen Lindlow at the University of
California, Berkley. USA, has genctically engincered a strain of P. syringae that
lacked the gene for the ice nucleating bacteria on leaves and thereby lower the
teinperature at which plant would suffer from frost damage.

Scientists at the Biotechnica Intemnational, USA, have developed nitrogen
fixing bacteria which enhance the growth and yicld of alfafa, In these
developments, nitrogen fixing genes from Rhizobium meliloti were used to
produce genctically enginecred organisms. The technology presently available
also makes # possible 10 inprove the guality and quantity of proteins in staple
food crops. John Dodds (Lima) has shown how the insertion into potatoes of an
artificially constracted gene coding for protein rich in essential amino acids could
reduce from 1.8 10 0.8 kg, the amout uf potato that ohe must eat each day to
get the proteins one needed. These developments raise the hopes of millions of
unfortunate people in developing countries where protein calorie malnutrition is
rampant. In majority of the third world countries the staple diet is rice in which
the essential amino acid, lysine and 10 lesser extent methionine, is deficient.
The development of new varietics of rice to which genes coding for proteins of
high nuiritive value have been genetically enginecred is within the present
capability of gene technology. The production of drought resistant, high yielding
varieties of major economic crops of Sri Lanka such as tea, rubber and coconut,
ard pther minor cxport crops are aseas where high priority should be given.

It was a realization of the imunense potentinl of genetic engineering and
biotechnology on the development of less developed conntrics, that the United
Nations Industrial Development Organization (UNIDO), established the
Internationat Centre for Genetic Engineering and Biotechnology (ICGEB), partly
in New Delhi, India and in Triesie, laly.
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In this review, 1 have attempied to outline the basic concepts of gene
techuology in a language apprchensible to a majority of peeple, including
administrators, planners and especially politicians, Following this, I have
highlighted the arcas where developments have becn extremely fast but with
strong impact on developing countries of the world.

However, it should be emphasized, that ihe road fo achicvements of such
goals are easily said than done. If Sri Lanka is w0 beoefit {rom this rapidly
advancing iechnology, a national commitment at the highest level is a sine
gqua non. It is also relevant to focus at this juncture, on the enormous
investments in this area curently made by the multi-national companies in
developed countries. The discoverics are patented faster than they are discovered.
This is not unusual wher one realizes the quantum of investment made on this
technology. It is therefore absolutely essential that a national commitment is
made with no further delay in the formuiation of a national prograinme on gene
technology and biotechnology with adequate funds to undertake research and
devclopment in priority areas.

The expertise available locally at the present time, although minimal, is
capable of undertaking the initial projects. The Department of Biochemistry,
University of Colombo, took a major leap in this respect in 1984, 1o establish a
unit on Molecular Biology and Gene Technology with collaboraiive assistance
from the University of Uppsaia, Sweden, a leading scientific institution in this
field. Under this programme several research projects relevant to the
development strategy of Sri Lanka were identified and presently under
investigation. A postgraduate course in Biochemisiry, Moiecular biology and
gene tcchnology at the level of MSc was initiated in 1986. This is aitned at the
teaining of manpower resources @ undertake research in geue technology relevant
te Sri Lanka. However, the resources available for the cxpansion of the
activities of this unit are now becoming limited. The first batch of MSc
graduates with sutficicnt waining in geae technology were expected to pass out
in November 1988. This group {orms the nucleus of the genetic engineers in
Sri Lanka. Tt will be very unfortunate if these young trainees could not he
retained in the country, to underiake further advanced research on probleins
relevant to Sri Lanka, leading rowards a PhDD degree. “The laboratories are fully
equipped with all essential advanced instruinents but limited by the space
available and the funds to meet the recurrent budget and salaries of these young
scientists dedicated o contribute with their training towards ihe development of

]
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their motherland.
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Table 1

Classification of Genetic Diseases

Type Approximate Number
Autosomal Dominant 736
Autosomal Recessive 521
X-linked Disorders 107

Additional suspected unifactorial inheritance

1447

Total

2811

Table 2

Some Genetic Diseases for which Gene Probes are Available

Disease Gene Probe Year of Discovery
Sickel cell anacmia B-Globin 1978
Dwrafism Human Growth Hormone 1982
Lesh-Nyhan Syndrome HPRT 1982
Heart Disease LDL receptor 1983
Alpha Thalassaemiza Alpha Glohin 1983
Beta Thalassaemia Beta Globin 1983
Hemophiliia A Factor Vill 1986
Hemophillia B Factor IX 1986
Familial Hyper-Cholesterplacmia  LDL recepter 1986
Duchenne Muscular Dystrophy X-chromosome fragments 1983
Cystic fibrosis Chromosome 4& 19 lragments 1986
Pheny! keton urea Pbenylalanine hydroxyiase 1984
Hyperlipidacmia Aplipoprotein C 1986
Abetalipoproteinacrnia - Aplipoprotein B 1986
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Table 3

Some Pharmaceutical Products from Gene Technology

Product Yecar of Production
Somatostaiin 1977
Insulin 1982

* Growth hormone 1979
Hepatitis B vaccine 1982
Interfexon-alpha 1683
Inteferon-alpha-2B 1984
Tissue plasminogen activator 1983
Factor Vill o ' 1986
Apolipoprotein B 1986
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Figure 1

Double helical Structure ofsbeoxyribo

Nucleic Acid

Note Compliﬁentary base pairing, A with

T and G with C. When a daughter molecule
is to be produced, the parent strands
(old) separate out and acts as a template
on which new strands are synthesised
according to complimentary base pairing.
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Denaturation and Renatuvation of DNA

Figure 2
When UNA is hsated to IGOOC, the two
strands separate {denaturstion), on

cocling the two strands join together

{renaturation}. As shown in the lower

part, a foreign peace of DNA with
complimentarily can compete with the
two original strands for renaturation.
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Figure 3.

Major Steps Involved in Gene Cloning

(1) Human cells are brokea. (2) DNA containing the
gene of interest is removed from human cells. (3) The
DRA from cloning vebicle and human DNA are cut in
specific places. The cloning vehicle DNA is obtained
from bacteriai cells. (4) The two types of DNA are
mixed. (5) The DNA fragments are spliced together,
vielding a recombinant molecule. {6) The recombinant
DNA molecule is transferred into a bhacterfal cell.

"{7) 7The englneered cell created by step 6 is sllowed

to reproduce millions of times to form a clone of
identical cells.

P
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ADDENDUM - 1991

IMPACT OF MOLECULAR BIOLOGY AND BIOCHEMISTRY -
A BRIEF NOTE

Prof. Eric H, Karunanayake

The rapid advances made in the ficlds of Molecular Biology, Biochemistry
and Gene Technology have now made it possible (o undersiand the pathology of
disease processes at the molccular level.

The greatest impact of these advance have heen and will continue to be op
prevention, diagnosis and curative aspects of medicine.

To give an example, nothing was known about Duchenne Muscular
Dystrophy even upto 1982. Today we know the gene, the entire letter by letter
sequence of the gene and the protein that the gene codes. The most remarkable
achievement is that one car undertake prenatal diagnosis of this fatal discase as
carly as 6 - 7 weeks of gestation using chorionic villi samples. That is even
before one is fully aware that a conception has occurred. Same can be said of
haemophillia A and B, thulassaemias, sickle ccli anaemia, cysiic [ibrosis,
Huntingtons chorea, fragile-X symdrome.

The predisposition o hypercholesterolaemia and atherosclerosis in later life
can be predicted with very good accuracy with DNA based technigues. The gene
replacement therapy is a definite possibility in the 21st century, if not earlier,

In the case of topical diseases such as diarrhoea, malaria, filariasis,
schistosomiasis and onchocerciasis DNA based diagnostic techniques enables
rapid diagnosis, evatuation of resistance (o drugs and epidemiological surveys.
Development of new drugs based on the molecular characteristics of parasites and
bacteria, and specific chemotherapeutic targets as well as sy mhcnc vaccines
developed by genetic engineering techriques are on tic way.



Hormones such as insulin, growth hormone and somatostatin as well as
clotting factors devetoped by genetic engineering are already in the market and
many more will reach the pharmacy soon.

Sequencing and mapping of the entire homan genome is already underway.
At the NIH, a special office called "office of the Human Genome Mapping" is
already established with Nobel laureate James Watson as the Director, and a
billion dollar budget. In the EEC, Human Genome Organization (HUGO) is
already functioning. The mapping and sequencing of the human gepome will
have an unforescen impact on Biomedical Sciences. The impact of the
biological revolution on the human socicty, disease process, care and its
prevention will far exceed anything experienced after the industrial revolutmn and
electronic-computer revolutions.

Should we then give highest priority to molecular biology and
_ biochemistry in teaching basic sciences in the medical curriculum (o equip the
new generation of doctors with adequate knowledge to cope up with challenges
awaiting them?

&
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' RESEARCH TOWARDS MALARIA VACCINES

Shiroma Handunnetti, MBBS, Ph.D and
Professor Kamini N. Mendis, MBBS, Ph.D
Malaria Rescarch Unit, Department of Parasitology
Faculty of Medicine, University of Colombo

Research on Malaria vaccines is at a stage where sub-unit constructs are .
being developed and evaluated for their potential to elicit an immune response in
man. One approach, that of anti-parasite vaccines, aims to induce immunity
against the parasite and the other, anti-disease vaccines, against parasite
components which evoke immunopathology in man. A growing list of
parasite components of sporozoites, asexual blood stages and sexual stages in
the mosquito are being characterized as potential anti-parasite vaccire candidates.
Genes coding for most of these’ anngens have now been cloned. Many have
been cvaluated in vaccine trials in non-human primates and even man,
Sporozoite vaccine trials in man with what was thought to be a promising
vaccine candidate resulted in a disappointing immune response in vaccines. This
has raised fundamental questions as to whether the immunological effector
mechanisin in man against sporozoites is mediated by humoral antibodies or
whether it is mainly a cellular response, and also some fundamental questions
about immunogenicity of malarial antigens. In the field of asexual vaccine
development, on the one hand is a partially successful vaccine trial in humans.
The vaccine comprises of a synthetic pelymer of regions of three sexual blood
stage proteins, two of which whose location in the parasite is still not knowa.
On the other hand are a large number of antigens structurally well defined and
characterized, and in many of which the genes have been cloned but with their
candidature being still questionable. With respect to the vaccines against sexual
stages the transmission blocking vaccines present a straightforward antibody
mediated mechanism. Several candidate antigens have been recognized and some
cloned, yet others because of the confinmational nature of their epitopes may
require eukaryotic expression. These various vaccines are based on the classical
approach to vaccination which is to raise host immunity against the parasite so
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as to reduce parasite deansities or 10 sterilize an infection.

The availability of cloned and expressed parasite antigens has led to a
significant body of knowledge on the development of immunity 1o sub-units,
the field today presents a series of probiematic issues. The critical ones among
them are, the selection of vaccine candidates from among a range of parasite
molecules, restriction of the host ilmmune response due to MHC and other forms
of hast polymorphisin and inmune evasion mechansims of the parasite such as
antigenic polymorphisin.  Recent studies have also focused on immuno-
pathological pathways in snalaria and the identification of candidate antigens for
anti-disease vaccines. Other critical issues facing malaria vaccines are related o
expression and delivery of antigens. Eukaryotic expression may be essential for
certain malaria antigens. A range of live vectors, virus and bacterial, are being
explored as delivery systems. Thus research carried out during the past decades
has laid an extensive foundation of relevant knowledge for the development of a
malaria vaccine. A continued effort wili be required to atiain this objective as
the goal itself remains as important as ever. - Will the funding agencies as well
as scientists remain committed to this objective?
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GENETIC IMPROVEMENT THROUGH INDUCED MUTATIONS

P. Ganashan, B.Sc(Agric.), Ph.D.
Director, Plant Genetic Resources Centre,
Departmerit of Agriculture, Peradeniya

Introductior

The manipulation of the biological system - biotechnology - has been
--described as the latest technological revolution of the 20th century. Although the
- basic techniques of biotechnology have been developed and known in the past,
the effective application of these techniques in genetic improvement work is a
- relatively new avenue for research. Among the various biotechnological
approaches for the improvement of crop plants, changing the genetic factors
leading o the slteration of expression of their characteristics form the major
approach in recent times.

. From ancient times, farmers have contributed to the modem day
agriculture through the simple method of selecting superior plant types, which
often arose as spontancous mutations. To hasten selection, scientists have
developed plant breeding methods to evolve desirable varieties combining high
yields, resistance to bictic and abiotic stresses ctc. from the available
germplasin. However these methods are considered stow and cumbersome as
many years are spent to crosshreed and develop different varieties. As these
conventional technologies alone may be inadequate to meet present and future
challenges, we must integrate recent advances in biotechnology with the

- techniques already in use. ' ’

The science of genetics was bormn with the experiments of Gregor

-‘Mendal, who proved in 1866 the intact transmission of hereditary factor called
genes from one piant generation to another. In 1895, nearly 30 years later X-rays
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were discovered by Roentgen. However it took another 30 years to prove that
radiation causes heritable changes in plants. In 1927 H.J. Muller discovered that
mutation rate is greatly increased by X irradiation, for which Muller received a
Nobel prize. This has resudted in the development of mutation induction
technology.In the 1940s Oswald Avery, and bis colleagucs discovered that genes
were in fact made of deoryriboancicic acid ONA). In 1953 James Watson and
Francis Crick found that DNA was a double helix, two interiwined strands cach
composed of chains of {our difforent chenical bases called @ (1) Adenine, (2)
Guanine which are purines, {3} Thymine and (4) Cytosine which are
pyrithidines.

Coosilerable advances were made in understanding the genetical effects
of radiation. Physical mutagens lke X-rays, gamuma-rays and neatrons (fast and
thermal) were soon complemented by chemical mutagens as Ethyl Metbane
Sulphonate (EMS), Dicthyl Sulphate (DES), Ethyleneimine (ED), Ethyl Nitfoso
Urea (ENU). Methy! Nitroso Urca (MNU) ete. Joint. FAOAAEA Division
formed in 1964 assisted in accelerating the induction of mutations for crop
improverncnt. Before 1150, there was only ope variety derived from induced
matation. In 1969 there were around 100 varieties. Now another 20 years fater,
world wide at least 1300 celtivars were derived from induced mutations. This
indicates that the techuology of mutation induction has been accepted as a
valuable additional tocl to create mmproved cultivars. Induced mutation
programmes were cartied out in Sti Lanka from 1966 to evolve high yielding
cultivars of food crops and pasturc grasses Rapid advances in the science of
Gencetics, and the development of in vitro technologies have provided a pew
dimensicn o the echaiques of mutagenesis.

Of the new techoologies  (a) clonal propagation, (b) tn vifro
conservation, {¢} pathogen-free plant production, and (d) molecaiar diagnostics
(1o produce or screen clonal materind) are relevant to conventional crop
improvement programmes and are mostly used with the available genotypes, For
the development of in vitro - derived germplasm, the relevant technologies are,
{a) embryo rescue, (b) somaclonal variation, {¢) anther culture, and (d)non-
sexuel gene transfer (protoplast fusion, use of bacierial or viral vectors, and
direct gene transfer through microinjection or clectroperation, etc.). In vitro
techniques, and the praduction of haploid plants through anther culture are
emplayed to provide mnore effective and rapid results in mutagenesis.
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Green Revolution'in Indica Rice Through a Spontaneous Mutant

Traditionally plant breeders used the existing genetic variations within
and among species as sources of variations in their hybridization and

., fecombination work. Thus genetic improvement work was limited to the
existing variations. For instance, improvement of indica rice varieties could not

make head way beforc the 50s, and any improvement by indica-japonica

_hybridization programmes did not give the desired results. The genetic
_variability that existed within the indica sub species was unable to boost the

yield levels by responding to added fertilizers. On the other hand the variability
that existed in the japonicas cannot be easily made to combine with the indicas.

‘The discovery of the spontaneous dwarf mutant Dee-geo-woo-gen in the
indica rice in China changed the picture. This mutant became the starting point
of the indica yicld revolution and was extensively uscd in hybridization
programmes in the South and South East Asian countries, which resulted in
semi dwarf indica varieties like Taichung Native-I of Taiwan and IR-8 of IRRI,
responding to high fertilizer doses completely dispelling the impression that
only juponica strains could respond to higher fertilizer inputs.

Instances of spontancous dwarf mutants ia rice were also observed in
Sri Lanka. The spontancous dwarf mutant, namely K8-mutant was isolated from
H4 dunng 1966, in the Hambantota District (Somapala 1967). Its dwarfing
gene is different from that of the Chinese indica dwarf Dee-geo-woo-gen,

Significance of Induced Mutations

Mutations arise as a change in the sequences of the four bases which
provnde the informational content of DNA. Mutations can also result from the
addition or deletion of one or more base pairs. Mutations are the main source of
genetic variation within a population, and this genetic variation is the raw
material of evolution. The significance of induced mutations depends largely on
the question of whether a higher total mutation rate can be obtained, and whether
the output of useful mutants can be increased. The final cutput of mutants
depends on the technique of original induction, the size of thg popuiation
handled, and the selection. -pressure imposecd.
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Although induced mutations are by and large random, and many of
them are delcterious in the environment in which they appear, the pertinent
benefits derived are mainly:

a) It is the only method by which characiers can be created that are non
exisient in the natural population.

b) It brings about desitable changes in crop plants without significantly
affecting other useful raits inherent in thein in a shorter period than by the
conventional breeding method tnvolving hybndmcmon and selection.

¢ It is the only method by which tight linkages can be broken with beneficial
effects.

Plant Materisls for Treatment

' Plant materials can be treated in any form. Whok, plants can. bc treated
in gamma- ﬁdd\ or ganma-rooms, while small plants, seedlings, tubers, ‘bulbs,
corns, vegelaiive cuttings eiC. i be treated with gamma source, of with other
sources of radiation. Meiotic cells are more radiosensitive than mitotic cells,
and hence it is advisabic to irradiate plams in the flowering stage in order to
affect the developing gametes. Secds are commonly used for irradiation, and also
for treatmeni with chemical mutagens, where the apical meristem or embryo
will he affecten.

Tissnes and cell coliures can also be treated with mutagens. There are
more polentiai applications of the technique of tissue and ccll culture, than
originally conceived. Of the various tssue culture techniques, the induction and
selecsion of useful mutants is probably the most promising for our food- cmp
xmp'uvemuu programme

Use of In  vitre Technologies in Mutagenesis
New in viiro cchnologies have provided an opportuaity for wider
implementation of mutation techniques under certain clircumstances. These new

technologics are (1) in vitre mutagenesis, (2) in vitro selection and 3 um yse of
haplotdy.
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a) In vitro. Mutagenesis

In vitro mutagenesis is the induction of mutations of DNA outside of a cell
or organism. The gene is cloned and then mutated either by restructuring
segments of DNA, localized random mutagenesis or oligonucleotide-directed
mutagencsis. In this method relatively small portions of the genome are

‘exposed to the mutagen. Botstein and Shortle (1985) bave given a

comprehensive review of i Vitre muiagenesis,
In vitro Selection

Callus suspension, or protoplast cultures could be used for in vitro
selection. The culturing techniques are often mutagenic, and by themselves
provide sufficient variation. Variability among plants regenerated from
tissue culture - somaclonal variation - is found in essentially all plant
species. Instances of somaclonal variations in many important crop plants
have been teported by Scowcroft and Larkin in 1984 (Table 1). Variations
observed here have been recognized as sources of new variations. Scowcroft
and Larkin (1988) pointed out that among the array of somaclonal variants
derived from tissue culture, the mutants occur as a result of changes at pre-
existing loci, but the evidence for the occurrence of entirely new mutants is,
only circumstantial. They also pointed out that genetic events, which
naturally occur at a very low rate, occur more frequently during tissue
culture, and for this reason is given the impression that somaclonal variants
creates new genes. These heritable variations could be used to upgrade the
genetic base of coadapied agronomically useful cultivars without risk to

" their basic genetic integrity.

Mutagens also can be added to the culiure mediumn o further enhance the
genetic variation available for selection. If protoplasts in tissue culture
vary, desirable genotypes could be selected by varying the culture conditions
which allow for the survival of only that fraction of the population of |
mutants adapted to these specific conditions. The following mumm types
could be recovered by these methods:

(a) Autotrophic mutants which are capable of orowmg in dehcwm media,
and syathesizing some substances.
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TABLE 1

SOMOCLONAL VYARIATION IN ECONOMICALLY ‘-
IMPORTANT PLANT SPECIFES
{(Froam Scowceroft and Larkin, 1084) .,
Species Explani Variant Character!  Traos mission?
a. MONOCOTS
Avena salivd mamature canbrys, o plant by, heading date S
apicalipenistemn - oo deaf sfriping, awas ..
Trisicum . © unmature embeyo . plant ht, spike shape, - §
cestivant o o Cooee e LLoawns, maturity, tillering, &
R : ' i leal waxy gliadins, - - L .
geamylase :
N LR ¥ 3 e AR TS P i é
Orvza sativa seed embiyo tiller no., panicle size, i S
R seed fertitity, flowering
date, plant ht I
Saccharum various eyespot, Fiji virus, downy A
officinarum wmildew, culmicolous spot
diseases; auricle length,
esterase iso7ymes, sugar
yield
\ Zea mays inmature embryt enctosper and seedling -
: mutanis, 1), maydis race S
T toxin resistance, mDNA
seguence rearrangement S

1 Characters of possible cconomic Importance,
S-sexual transmission; A-transimission thiough vegetative propagules.

i
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b. DICOTS

Solanum
tuberosum

Nicotiana
tabaciun
callus

Medicago
sativa

Brassica spp.
meristems

protoplast, leaf
callus

anthers, proto-
plasts, leaf

immature ovagies

anthers, embryos,

tuber shape, yield,

maturity date, plant habit;
stem, leaf and flower morpho-
logy; early and late blight
resistance

\ plant ht, leaf size, vield

grade index, alkaloids,
reducing sugars; specific
leaf chloropbyll loci

multifeliate leaves, petiole
length, plant habit, plant
hi, dry matier yicld

flowering time, growth habit,
waxiness glucosinolates,
Phoma lingam tolerance




<

(h) Auxotrophic mutants which could normally grow only with nutritional
supplements; and

(© Resistant mutants which resist specific drugs, antimetabolites, or
abnormal abictic or nutritional conditions.

The mutant tissue or cell lines thus produced should regenerate plants.
Selection of salt resistant cell lines would produce plants adaptable in saline
soils which are common in some parts of Sti Lanka.

Use of Haploidy

{aploidy and doubled haploidy would also assist in, or improve
mutagenesiz. In the mutagenized haploid cell Yine or plant, both dominant
and recessive gene mutations will be expressed, as haploid has only the
gametic number of chromosomes. Doubling the chromosome number, will
result in homozygons dowsbled haploid plants. Tebacco plants with high
phoiasynthetic efficiency were selected before chromosome doubling
(Medrano and Primo-Mille 1985). Iu addition to the mutation of interest,
any other wmuiations. inadvertently produced should be rejected. In
mutagenized dipleid tine, selfing to obtain homozygosity is essential which
takes 1nore time.

Doubled haploid techniques offer new ways (o improve cultivar yields. The
time needed to got a new variely using conventional breeding methods in
ten generations could be reduced o as few as three generations.

Combining haploidy for expressing mutations, and in vitro selection for
screening, will provide powerful methods for mutation breeding. Schematic
representation of the colture of excised anthers and the development of
haploid plants direcily by embryo formation, or through haploid calls, and
the production of doubled haploid plants is given in Figure 1. However for
most of the cereals, good cell culture techuologies are not available, and the
spontaneous doubling of haploid cultures retard progress in this direction.
Nevertheless, significant progress has been made with biochemical
selection,
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Induction of Useful Mutants in Sri Lanka

Sakamote pioneered mutation studics in Sri Lanka in 1966 using 32P
and 60Co gamma rays, but he did not obtain variations from the original type
(Sakamoto 1966). Subsequently in Sri Lanka under the project on "peaceful use
of atom” of the International Atorhic Energy Agency, mduced muotation studies
were undertaken ia rice, sorghum, finger millet, chilli, and pasture grass
Brachiaria brizentha since Maka 1966/67 scason, with 4 view o obtain desirable
high yiciding mutants from the popolar varicties. Extensive and meticulous
mutation breeding studies were undertaken in rice and pasture grasses which had
resaited in a wide array of mutants with valoable traits (Ganashan 1969, 1970,
1971). The most promising rutants ta rice and Brachiaria brizantha bave imlf:cd
proved the usefuiness of induced mutation progranmes,

Induced Mutation Studies in Rice

Radiation-induced mutations in rice ‘was first reported by Ichijima
(1934) using X-rays and ultraviclet rays, but its practical use in rice
unprovement was demonstrated by several workess only after 1953 as reported
by Gustafsson and Gadd(1966). Futsuhara et al (1967) reporied the first induced
high yielding rice mutant "Reimei” which was released in Japan in 1966 as a
national registered variety.

The traditional and popular rice varieties of Sri Lanka have
characteristically a tall growth habit, and arc susceptible to lodging at high
feriilizer levels, In spite of these defects farmers retain these varieties for their
qualities. Hence mutational sectification of these was tried at the Regional

Agricoltural Research Centre (RARC), Maha 1Huppaliama to obtain desired -

changes which also has the added advantage of obtaining other desirable traits
which are non existent in these varieties, so that the resultant motants could be
used directly for cultivation. or indirectly in recombination and transgression
work,

Rice Varieties and Mutagens Used

Four indica rice varieties H4, H8, H7 and Pachchaiperwmal 2462/11
(PP2462/11) were subject 1o gamma mys, neutrons and EMS treatments.
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Mutagens - Deses

Gamma rays (kR) 0. 10, 20, 35, 50 and 60
~ Neutrons (R) 0, 300, 600, 900, 1200 and 1600
EMS (%) 0, O. 2,04, 0.6 and 0.8 for 16 hours

Dry seeds were used in all treatments Dehusked seeds were used for EMS
treatments. '

The gamma rays and neutron treatments were effecied at Stockholm,
Sweden and the seeds were brought to RARC, Maha IHuppallama. The EMS
treatinent was carried out at the RARC, Maha Illuppallama, and the entire
mutational experiments were carried out at RARC, Maha Iliuppallama.

RESULTS

M; Generation

Treated varicties showed different degrees of germination, seeding
growth and percentage survival (Figure 2). The variety PP 2462/11 was
relatively sensitive to gamma radiation than the other varieties. Chlorophyll
chimaeras, stunted and deformed plants were observed in this variety. In the
other ~varieties the trend in sensitivity to survival was the same as for physical
and chemical mutagens.In the radiation treatment the gamma ray treatment
showed pronounced reduction in the survivat of plants compared with necutron
reatments.

M Generation

Ten thousand and fifty panicle progenies were grown for the M3

generation which was screencd for chlorophyll and viable morphological
mutanis. Figure 3 gives the percentage of M lines segregating for chlorophyll

‘mutants in the different varieties of ricc. The main types of chlorophyll

mutation observed were albina, chloring and xantha with the afhina appearing in
larger proporiion. Virescens and zebring were also found in small numbers.
The appearance of chlorophyll mutants was independent of the type of
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Figure 2
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Figure 3 o
SEGREGATION OF CHLOROPHYLL MUTATIONS
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mutagen used. The varictics H4 and H8 showed a greater proportion of
chlorophyll mutants than the other two varieties.

A wide range of morphological changes were noticed in the M, with
several mutated characters appearing concurrently. Modifications occurred in
height, habit of plants, flowering date, panicle and spikelet characteristics.
Variations in visible characters of the four varigties subjected to gamma rays and
neutron treatments are shown in Tabie 2. As the changes observed were very
complex only some of the more prominent characters were considered in this
study.

Only changes in seed size and colour were observed in the EMS
treatment, whereas in the other 1wo physical mutagens a wide spectrum of
mutations, and several nutated characters often appearing concurrently were
observed. ' :

‘The compact panicle mutant with increased tillering and larger grain
number in HE, mutants with reduced cobm length, increased tillering and
resistance (o lodging in H8 and H4, and the reduced grain size mutant of PP
2462/11 are some of the useful mants isolated during the study.

HE8 Mutant Lines

Promising H8 dwasrf muotant lines with high spikelet fertility were
selected in the My and they werc tested for yicld in the M4 and subscquent
generations.  No significant differences in vield were observed between the
original variety HE and its mutant lines. Sclections for gquantitative characters
were made in the successive generations. To some of the short culm and dwarf
mutants the total nomber of grains per panicle showed an increase. However,
grain size was smuller than that of the pareni, and was characterised by a
reduction in the leugth, breadth ard width of the grain. The reduciion in length
‘of the grain in these mutants were more striking.

My Mutant Lines

From the My population of H4 lines, short culm and dwarf mutants
with more than 50% spikelet fertility and resistant o discases were selected, and
were grown in larger plots {or further observations.
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Table 2. INDUCED MUTATIONS IN RICE

Number of M2 plant progenies showing morphological changes

Change of

chamtor 114 i3 7 P 2462114
Gamma Newtrops  Gaoma Newipons Gamma Neatyons Gamma Ncutrons
Tays rays rays mys

{a)Culm

Distisctly '

storter 7 6 18 1t 2 - 4 1

Distinctly

tatter 3 4 12 4 - R - .

(h)Nature snd duration
Grass chunp

types - 7 i % - - - 3
Varly

fiowering 4 i2 1 17 - - - -
iale ) .

flowering 10 8 i6 16 (2 - il 4
{)Panicles
{ax 18 16 3 14 6 12 8 -
Compact and

crect - - 13 4 - - 3 2
Non exerted 7 12 3 - 7 23 i4
{d)Spikelets
Avimxd 36 28 12 10 4 - - -
Abnorninal

grain 4 3 4 2 i 15 12 8
Grain size

smaller

than control 18 17 28 26 7 L9 22 14
Grain size

Lwger ‘

than contyol - - §7 14 - - 3 -
Change in

hosk colour - - ) 8 - - 4 i6
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In the My, selection were made for high spikelet fertility with relatively
compact tillering, erect and darker green leaves, thicker grain size and resistance

to diseases. Relative values for important agronomic characters of ten dwarf and
short culm mutants compareé with the parent variety H4 ace given in Figure 4.

In the M5 somne of the promising H4 mutanis were tested for yiekd, and
simultanecusly selections were made for superior genotypes in the purity
mainenance piots. OF the H4 mutants which showad superiority over 14, the
mutant selection MI-273(m) originated from 35 kR gamnma irradiation treatment
recorded the highest yield. MI-273(m) bas the following desivable characieristics
compared to its parent variety Hd:

1. Shorter and stronger cult, and henee & greater resistance o lodging.

2. Relatively erect growth habit with darker green leaves which would permit
better use of solar radiation,

3. Larger number of panicles without much alteration in the number of grains
per panicie and the size and weighi of the grains.

4. Non-lodging and non-stadtering habits which lend themselves to mechanical
harvesting, g

5. Wider ramges of sdaptabiiity to different agrociimatic zones.
Genetic Investigations of Dwarf Mutants

H4 and four of s dwart mutants, MI-2730n) and M1-70Gn) with
gamima wradiation, ML-320m} with neutron irradiation, and K8(m) selection, a
spontaneons wotant, and tielr diallel crosses were studied in F1 and F2
geperations for the pattern of mheritance of dwarfism and other characters
(Ganashan and Whistingion 19755,

In spiie of the Uma claticuship between the varietics, analvsis showed
statistically significant differences amongst the genotypes for plant height, culm

tength, panicle length, ¢ ic; npiher, panicle number, number of primary
branches, number of spikelets per ;,amcic and arca of flag leaf.
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The High Yielding Mutant Line MI-273{m)

A farge number of mutant populations were screened and studied for
recovering promising mutasts. Of the various mutants obtained, the dwarf
mutants of H4 and HE which appeared promising were studied in detail. The
mutant selection MI-273(M) orizinated from 35 kR gamma irradiation treatment
of H4 recorded the highest viekis. In the short-colm and dwarf mutants obtained
in this study, there is o reduction in panicle length, number of grains per
panicle, grain size, and 100 grain weight, with a concomitant increase in panicle
number. Similar pleiotropic effect of dwarling genes were reported by Li ef al
(1966). However the pleiowopic effect of the dwarfing gene does not manifest
seif in MI-273(m). Though an alinost 50% reduction in colm length was
brought about in MI-273(m}, & is of interesi to note that the panicle number
increased by 32%, whiic other characters, such as panicle length, number of
grains per pawvicle, 100 srain weight and grain dimenstons (length and width)
remained unchanged (Gunashan 1971),

It may be assumed that the variation between the dwarf and the H4
control is likely cither 0 be due 1o piciotropic effects of the dwarfing gene or
perhaps (o the induction of several mutitions by radiation procedures,

None of the smutant lines were dwarf because they had a reduced number
of miermaodes, The internodes were shorter thas in H4 but the degree of reduction
at each internode varded from type 0 tvpe (Figuses 5 and 6).

In & mutation breeding programme involving talier.ndica types 1o
evolve a successind dw"u'f fing, the dwarfl mutant should retain or .i.mpi'ove
relative 1o the parcnts it exprossion of time-to-Uowering, spikelet number per
panicle, grain weight, and panicle number as well as exhibit the expected benefit
in lodging resistance from is dwarf habit, and increased strength of culin base.
m fact MLE273(m) showed twse charicteristics most markedly particularly in

having as large a pasicic but mwore Wiers than M4, Leaf characters too are
tmporant in determiniog not only esrly plant development, bui also daring the
period of grain filling, Oaly ME273(m) mainiained relative to H4 the arca of
the final f}m-c leaves. The flag leaf arcas of the other mutants were reduced
especially in X8 ‘Vh selection (KE(M)S). While K&(M)S is the shortest variety
it todges badly becnuse the colms are weaker at the base. The diameter of the
e base of K8M)S was feas than that of all the other mutant Jines,

N
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K8&(M)S shows similar changes in flowering time and in tiller number
to the irradiated mutants, and while it might be argued that more than one
genetic change could be induced by irradiation, it is less likely that K8(m)S, as a
natural mutant, will be suffering from similar changes. It seems reasonable
therefore to infer that alterations in the pattern of development from the original
H4 are due 1o pieiotropic genetic effects.

Aualysis of height differences in the F1 and F2 showed incomplete
dominance {or tallness in the H4 parent and evidence that four different loci with
various degrees of dominance determined dwarfism (Ganashan and Whittington
1975).

Performance of MI-273(m)
a) Multilocational Varietal Trials

MI-273(m) was tested along with other promising varieties in the National
Co-ordinated Rice Varietal Trials (NCRVT) at eight locations from Yala
1970 scason. The grain yields and important agronomic characters from the
Maha 7(/71 and Yala 70 experiments where 12 varicties were continually
tested over eight locations were analyzed for genotype X environment
tnteraction effects by the method of Finlay and Wilkinson (1963).

This analysis was done on a scasonal basis and combination of seasons
which shows the outstanding performance of Mi1-273(m) in each scason by

" maintaining increased yield levels. In this study the semi-dwarf variety IR8,

showed greater advaniage in the Yala scason than in the Maha scason
(Ganashan and Whittington 1976). Yield performance of H4 and MI-273(m} in
the NCRVT at the eight locations during Yala 70 and Maha 7(0/71 seasons are
given in Figures 6a and 6b. The increase in grain yield brought about in H4 by
mutational changes, and the yiclding stability of this varicty and MI-273(m) in
these locations and seasons are given in Figures 7.

Performance of MI-273(m) over large extents

~ To assess the potential of the important rice varieties they wese grown
in large extents rather in small experimental plots, where the management levels
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Tahle 3.

SOME OF THE IND

UCED RICE MUTANTS RELEASED FOR CULTIVATION

Name of

Name of the mutant Country Year of Mutagen important characteristics
the parent release used used
1. Jagannath India T-141 1969 Xorags Mediam slender grain, good cooking quatity,
Yield devel 610 7 vha used in lowland
coastal ayeas, )
20 Drwarf H3 Sl Lanks H-4 10971 Canma Wider adaptability. potential yvield 7.5 vha,
{fonmer name irradiation - targer number of panicles, panicle length
MI - 273 unchanged. Emu growth, pon lodging and non
shattering habits. Can be harvested mecharically.
3. Yuen Fengzao China ¥ezi Nob 1973 Gamma 435 days carlier. 10% increase in vicld,
irmdiation § 1 14% higher lysine content.
4. Cslrose - 76 USA Calrose 1976 Camna 25 reduction in height. panicle length
{mutant D7) Califormia aridistion unchariged.
3. RDS Trailand Khao Dawk 977 Gamang Clutinons endosperm resistant 10 blast, popular
Mali~ 105 rradiaticn in Northern Thailand.
6. Kashmir Pakistan Bastpati - 370 1977 Gamrna Early maturity, higbcr yield potential, aromatic,
Basmati irradistion used in Northern Pakisian
7. Miyuki - mochi  lapan Tovnishiki 1674 Gamma Glutinous endosperm, other charscters same as
irradiation parent.
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were not necessarily high. At Hingurakgoda Government Farm, Sri Lanka,
under large-scale cultivation in Maha 70/71, MI-273(m) gave 100% yield
increase over its parent varicty Hd, and outyieided all other varietics cultivated
mcluding IR-8(Peiris er al, 1972).

MI-273(m) was reieased for general cultivation in 1972, The first
induced high yiclding rice mutant released as a national registered variety was
"Reimei” in Japas in 1966 (Futsuhara et al 1967). Tke yield increase in MI-
273{m) over the parent variety H4 was very spectacular compared fo "Reimei”
and its parcut variety, demonstrating the elfectiveness of the mutation breeding
programme carried out in 8ri Lanka. Table 3 gives some of the important
induced rice mutants refeazed for cultivation in different countries.

MI-273(n} is preferred by farmers in the Northern, Uva and
Sabaragamuwa Provinces and its adjoming arcas. It is popularly used by farmers
in the cropping patter in the Badulla District in the Uva Province. 1t is also
popular in the "Kekulan" areas of Vavuniya and Jaffna Distriets, where
occasional drought incidences ase cxperienced. In 1973 farmers in the Omanths
arca of Vavuniya District grew MI1-2730m) and other popular BG varieties. These
crops suffered a droy ;zm poriod of about 23 days at their panicle development
stage. The deought incidence was so severe that the Jand in the cropped arca
started cracking and the crops were severcly affected. When rains came after this
23 days of drought, only the variety Mi-273m) resumed s growth and gave

vield of 3.25 t/ha; the oter varietics filed uompmvb {Pasupathy 1974). Thus
whum irigation is not assured or rainfail is inadeguate and where moderate
managemeni ievels are practised, M1- ”"?'m) is preferred. Recently the demand
for the cuitivation of MJ-273(m) is increasing in the Subaragamuwa region,

The rice variety H4 fias been grown by Sri Lankan farmers for the past
four decades, uod perhaps it Wz! renatn in colidvation For deeades 10 come. Wide
adaptability, tolerance 1o eavironmental siresses, appreciable yield under low to
moderate fnput conditions, and consumer preference had come from its parental

ariely Murungakayan 302 whie h Wus ;‘;;uiur among farmers, and rewained by
ie‘m for long periods. Ha dwart .‘\" ) - forms an uhp.uvcd version of
H4, and continues to be retained by local farmers,

n
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Some farmers of the Uva and Northem region are maintaining ihe
mutant MI-273(m) under the pame "Short H4” (Kota 114 locally, "Kota™ in
Sinhala Language means shortness), ‘They prefer the name shori H4 1o Mi-
273(m), because of their Jong sianding preference o Ha variety, and U8 fice
quality with red pericarp. Considering the farmers' preferences, (he Department
of Agriculture (DOA) has renamed this mutant as H4 dwarf in 1982 (Research
Hightights 12, DOA, 1983).

Mechanized Hearvesting of ME-273(m)

Heavy demands on labour at rice harvesting times force the cultivators
fo take to mechanized harvesting. Mechanized harvesting tests on M1-273(m),
Bg 34-8, Bg 11-11 and 62-355 were carricd out by the Farm Mechanization
Rescarch Centre, Maha Hluppallama, Sri Lanka in Maha 73774 and Yala 74,
The crops were raised at Maha Hluppatiama by row sceding and by broadcasting
under mudland condition, with bigh managemeint practices,

Shibaura Reaper Harve\lu attached on small two-wheel tractor was used
to harvest all the varictics at matority.  In this test ME-273(m) perfenned
exceliently compared to whe othor varieties which sufiered shadering iosses -
Figure 8 (l”'xlifﬁnayaz;'xm 1974), In further tests, when the MI-273(m) crop had
passed the harvesting stage (with 16% moisiuce content in the grains) negligible
shattering losses of less than 0.05% were ohserved, because of s sturdy non-
lodging culms and non-shaticring grains (Pullainayagam 1974). Model Nanyue
4G Harvester from Peoples Republic of Ching, and the IRRI harvester {rom e
Phitippines were also tested for mechanized barvesting of MI-273(m). This
mutant is cmlmumc 0 run’m as the leading vancty suiteble for mecharical

- mr(festmg even at proscnt.

Induced Mutation Studies with Brachiaria brizantha Stapf

Brachiarie brizuntha is the best adapted pasture grass for the dry zone of
Sti Lanka. Prostrate growth habit, elongated intornodes, and the presence of
pubescence are some of the vadesirable charciers of Wiy pasture grass, which
have (o be rectificd by a breeding programme.  An stiempt made at RARC,
Maba ItHuppallama, in 1966 to improve this grass by hybridizing with other
pasfure grasses was not suceessiul. € ‘fmscqusnsly, mutation breeding techaiques
were attampied 10 remedy hese defeais
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TAELE 4
EFFECT OF IRRADIATION ON SEEDS

Irradiation - Germination Sarvival percentage Percentage of
treatment percentage of seedlings chlorophyil
(KR} mutants
0 56 100 0
7.5 52 . 96 ¢
15.0 48 B 4
300 44 &0 7
450 42 46 5
60.0 15 0 -
750 0 - -

TABLE &
EFFECT OF IRRADIATION ON STEM CUTTINGS

Irradiation Percentage of Initial growth
treaiment ¢stabhished
(kR cattings
0 100 Normal
1.5 75 Normal
150 100 Retarded growth, narrow leaves, lightgreen streaks
225 75 Retarded growth, lean leaves, reduced pubescence
30.6 50 Retarded growth, reduced pubescence
375 40 Severely retarded growth, reduced
: pubescence and increase in lithality
45.0 , 40 Severely retarded growth and increase

in lethality




Levels of Radiation Used

Seeds and stemn cuttings of Brachiaria brizantha were subjected to 60Co
gamma irradiation. The doses (kR) were as follows:

Seeds 10, 2)7.5. 3)15.0, 4)30.0, 5)450, 6)60.0,7)75.0

Stem Cuttings 1)0,2) 7.5, 3) 15.0,4) 225, 5) 300, 6) 37.5,7) 450

Non-imbibed seeds were used in the seed irradiation treatment. For
_stem irradiation fresh cuttings of equal size, containing 3 nodes per culting were
taken from a well studied clonal sclection,

Results

‘ The gernination percentage, percentage survival of seedlings and
percentage of chlorophyll mutants are given in Table 4. Table 5 gives
percentage survival of cuttings.

_ There was only slight reduction in the number of seedlings at the
" Jowest dose of irradiation but at the higher dosage levels secdling numbers were
greatly reduced. Chlorophyll mutants of the albina and chlorina types were
observed at 15 kR, 30 kR and 45 kR weatments, Other types of morphological
changes were also observed at 30kR, and 45kR treatments.

Stem cuttings subjected to radiation doses above 15 kR showed
variations in leaf size and growth habit together with different types of
chimaeras.

) One mutant from the 45 kR seed treatment had an ercct growth habit
with short internodes, narrow leaves and reduced pubescence. This appeared Lo
be the most promising mutant and was isolated for further study. Its
chromosome number at pollen mother cell stage was 18, similar to the parent.
It had a faster regrowth afier defoliation, and a higher protein content than its
parent, :
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Its erect plant habit would permit growth of an associated legume,
while the fower pubescence would improve its palatability. The rapid rate of
recovery after defoliaiion would permit grazing at much earlier siage of growth
(Femando and Ganashan 1967).

Development of Tissue Culture Activities in the Department of
Agriculture

a) Rapid Clonal Propagation

‘The tissoe culture (echnigue was pioneered in 1976 by the Department
of Agriculture (DOA) G the rapid clonal propagation ol orchid and anthurium
for cut-flower izzduuiﬁf This tissue culture activity is being continued at the
Royal Botamical Gardens for commercial purposes.  About 170 indigenous
orchids of the Dendrobium sand Vanda species ase found in St Lanka.,

In 1984, a Tissue Calture Laboratory was cstablished at the Centeal
Agricultyral Research Instivute (CARD, Ganmoruwa, with the assistance of FAQ
for the pathogen-free mictopropagation of frait crops such as pineapple, citrus,
banana, passion, and papava. Since 1985 mass i vl propagation of these
CrOps was uncortaken 10 raise homogenous plants for adapiability studies. In
addiuon, micmp;‘()prep‘»(i(m of other crops, such as rambuttan, strawberry,
ginger efe., were also underiaken. Mi’xi-iuber production and in vitro
QONSLTYE zuon of potatd varigtics were slso dong,

Micropropagation of potato through apical meristem culture o obtain
diseasc-free plants was initiated at Regional Agriculiral Rescarch Center,
Bandarawcla, in 1987 and perfecied in 1988, The technique is being used for
mass piopagation and distribution of disease-free stem cuttings to farmers for
their own sced proeduction programme since 1989. In this technology the
meristem cuttured planticts are first tested for viras and those disease-free
plantiets are grown on sterilized soif medium in aphid proof net-bouse (o
produce mother plants. Stem cuttings from these mother plants are planted in
cither sterilized soil beds to produce tuberlets - the hasic seed - for further
multiplication wp o foundation seed, or the stern cuttings are directly issued 1o
farmers for production of sced through one generatior only before planting for
consumption potato production.  The mini tubers obtained from the mother
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plant after the required quantity of stern cuttings have been obtained, are also
used to produce basic seed (Figure 9.

This techunology has benefiited the farmers in that they coukl now
produce their seed requirement on their own and this could result in a large
reduction in the imposts of sced potatoes. Action is also being wi®n by the
DOA to extend this technology into the upcountry Government Farms so as to
produce "high grade” seed within the country, so that the seed potato industry
will be independent of imported sced potatoes. Search for somacloual variation
n plantlets .is also being camricd out in ihe micropropagation programme
(Yogaratnam, Personal Communication 1990).

The Plant Geneiic Resources Cenire (PGRC) which was established
with the assistance of the Japan Internatienal Corpormion Agency (JICA)
initiated activities in 1988, | has {acilities 0 undertake biotechnological
rescarch. In vifre conservation to maintain the genapiasm resovrces of root and
tuber crops such as sweet potato, cassava, potato, diascorea ete. are done at this
Centre, Callus colture and plant regeneration studies in rice, embryo culture in
groundnut, chilli, and dee, and electrophoretic studies in root and tuber crops are
also being vedertaken.

Potential Contribution of Biotechnology Invelving Mutagenesis
te Crop lmprovement in Sri Lunka

“Although advances in crop improvements have been made by using
conventional plant breeding methods, there are fimittions for {urther
improvements.  Some of the major constrainix are given here aloug with the
biotechnological methods which coukd be used o enhance the efticiency of
traditional crop improvement methods, or where conventional methods bave
tuiled.

s
&

The gesmplas desived by in vifro wechniques needs siguificant. testing
at the whole-plant {ovel. Plant breeding skills are necossary whether new
variants arise from mcleculay, ccllular or sexual manipuiations,

Kice
Rapid adopuon of pew varteties for cultivation has resulied in
narrowing genciic diversiiy in the ficid, The vareties curently in use have
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genes predominantly from Cina and Latisail, both contributing from 18.8 to
50.0% nuclear gene sources (Javier ef al 1989). All the new improved semi-:
dwarf varieties in use have their dwarfing gene from Dee-geo-woo-gen. In 6!
popular rice varicties under cuitivation, genes for gall midge resistance (vertical
in nature), were.obtained from OB 6,77/678.” Five years after release, the gall
widge resistance in these varieties and the donor OB 677/678 broke down. For.. -

brown planthopper resistance, PTB 33 formed the gene source; this also now
shows a degree of vulnerability. Instances of treaking down of the resistance to

blast disease have been reported. The narrow geoetic base in the cultivated:

varieties has generated the risk of geunetic vulnerability towards pests, diseases,

and other hazards. In the absence of other donor varieties as parents, promising

mutants available at present could be tried, or suitable programmes in
mutagenesis imitiated. '

. .- Currently mutation breeding programmes in rice are undertaken for cald -

tolerance at Pussellawa Research Station, and for photoperiod sensitivity,

reduction in plant beight, and resistance to blast disease at RARC Bombuwela:.

Breeding for tolerance to such environmental stresses as sali, drought,
adverse soil conditions, eic., also faces several difficultics. Plant
bioicchnologies offer plant breeders a mecharnism for speeding up the
development of varicties resistant o environmental stresses.” Developing anther

_ culture techniques and performing plant regeneration from callus offer efficient

methods for the production of haploids. Callus induction and plant regeneration
in indica rice is significantly lower than in japonica varieties. However,
appreciable anther caflus production of some Sri Lankan Bg varicties were
reported by Pathinayake and Johnson (1989). Anther colture has the potential of
comypressing breeding cycles, increasing selection efficiency, providing: for carly
expression of recessive genes, and exposing gametwoclonal variants.

Potato

Potato is cultivated predominantly in the upcountry intennediate and
wet zones, (7,000 ba) during the Maba and Yala seasons, However, a sizable

extent (500 ha) is cultivated during the Maha season in some parts of the’

lowcountry dry zone (Jafina and Kalpitiya areas) where the minimuom
temperature is around 220C. At this temperature tuberization takes place in
some varieties, The minimum temperature requirement for tuberization is
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considered (o be below 220C.  As some varicties tuberize at 220C in the dry
zone, further improvement in developing types which could tuberize in both
Maha and Yala season could be explored. Varicties which tuberize above
220C are not available elsewhere. Current potato production in Sri Lanka is
threatened with severe attack of cyst nematode in the upcountry wet zone, which
has led to greatly reduced cultivation, - /n vitro mutagenesis in potato protoplast
and regenerations appears to be casier (Jones er al 1984), and this technique
should be ¢xplored to develop varicties adaptable to the dry zoue, so that potato
cultivation could be increased.

Pigeonpea

The remarkabic adaptability of pigeonpea varietics in the euvironmental
continuum ranging from the drought-prone dry zone to the more stable
environments in the intennediate zones has been ohserved. Pod borer (Maruca)
is a serious problem and to overcome this, wild relatives as Atylosia and
Rhyochosia species should be taken for hybrid embryo production, or even
somatic hybridization could be tried. Wild relatives of pigeonpea are found
growing wder natural condition in Sd Lanka.

Induction of muations at the haploid level, coupled with in vitro
selection counld form an imporiant approach o develop pod burer resistant lines,

Groundnut

‘There is at urgent necd o bave a very shoit-aged and drought-resistant
groundnut variety for cultivation in the dry zone. Ja vitro selection of induced
mutations at cellular level should be tred.

some of the immediate application of new technologies for the
improvement of crop pdonts are: Induction and selection of usefud rautants at
cellular level is the most promdasing approach for developing varieties for stress
conditions such as tolerance 1o salinity, drought etc., and for resistance Lo
diseases when panicuk toxins are directly involved in the disease development.
Anther culture should be tiken ap in species m which advances are made in
pollen culttre and plant regeneration. :

The following goals for crop improvement using biotechnological
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approaches involving mutagenesis should be taken up either locally or in
collaboration with international institates:

% Develop plant varietics that arc tolerant to high salinity or flooding.

*  mprove waier use efficiency of plants and develop droughi-resistant
varieties. :

* Improve the resistance of plants to discases and pests.

+  Modify the amino-acid composition of storage protein in cereals and
legumes to improve nutritional value.

*  Lmprove the composition and storage life of fruits and vegetables.

]
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Mechanical harvesting of H 4 dwart (MI-Z273 (m))



REFERENCES

Botstein, D. and Shortle, D. (1985). Strategies and application of in vitre
mulagencsis, Science 229, 1193. '

Fernando, G.W.E. and Ganashan, P. (1967). Ieduced mutation studies in
Brachiaria brizantha Stapf. Paper presented at the 23rd Annual Sessiens of
the Ceylon Association for the Advacnement of Science, Sri Lanka.

Finlay, K.W. and Wilkinson G.N. (1963). The analysis of adaptation in a plant
breeding progranuwe. Australian Journal of Agriculiural Research 14, 743-

754.

Futsuhasa, Y., Toriyama, K. and Tsunods, K. (1967). Breeding of new rice
variely "Reimei” by gamuna-ray irradiation. Japaenese Journal ¢f Breeding,

17, 13-90.

sanashan, P. (1969). Induced mutation studies in some indica rice varieties of
Ceylon. Paper presented at the 25th Annual Sesssion of the Ceylon

Association for the Advancement of Science, Sri Lanka.

Ganashan, P. (1970). Induced mutation studics in Brachiaria brizantha Stapf.
and some indica tice varieties from Ceylon. Rice brecding with induced
mutation 1, Techn. Rep. Ser. Ne. 162 of [AEA. T-12.

Gianashan, P. (1971). Evolution of pew rice varietics by radiation induced
mutations in 114 and }H8 rice varicties. Rice Breeding with induced mutation
UL Techn. Rep. Ser. No. 131 of IALA. 19-28.

)

$



Ganashan, P. and Whittington, W.J. (1975). Inheritance of dwarfism and other
characters in rice. Euphytica 24, 175-784.

Ganashan, P. and Whitington, W.J. (1976). The stability of rice yields in Sri
¢ Lanka. Experimertal Agriculture 12, 361-368. '

Gustafsson, A. and Gadd, L. (1966). Hereditas 271-357.

Javier, EL., Sandavayake, C.A., and Rajapakse, R.M.T. (1989). Central Rice
Breeding Station, Batalagoda, Sri Lanka. Accomplishments and current
strategies. Research Communication FAG-1 1-17.

Jones, M.G.K., Maddock, S.E., Karp, A.. Nelson, R.S., Creissen,
. G.P..Goulger, D., and Bright, S.W.J. (1984). “Tissuc and protoplast
culture - a novel way to new crop plant varieties". The World Biotic

y " Repori, U.K., Europe, Pinmer.Vol. 1., 443-454.

Li, HW,, Hu, Ch. and Woo, S.C. (1966). Botanical Bulletin. Acad. Sin.
Shangchai 7-71.

Medrano, H. and Primo-Mitio, . (1985). Selection of Nicotiana tobacum
haploids of high photosynthetic efficiency, Plant Physiology 79., 50S.

Pasupathy, A. (1974). Exiension Report, Vavuniya District. Extension
¥ Division, Department of Agriculiure, Peradeniya.

. Pathinayake, B.D. and Johnson, D.L. (1989). Effect of culture media and

temperature treauments on calius formation in anther culture of different rice
(Orayza sativa) genotypes. Tropical Agriculturist 145. '

e g
Foril



Peiris, J.W. L., Weeraratne, ., Ganashan, P., Peiris, P., and Dias LP.S.
(1972). Publication of Research Division, Department of Agriculture, Sri
Larka. '

Pullainayagam, M.G. (1974). Research Report, Farm Mechanization Research
Cenire, Maha Hluppatiama, Sri Lanka.

Research Highlights {1983). Department of Agriculture, 12 19-20.

Sakamoto, S., (1966). Preliminary Report on the experimental results on rice
breeding. Department of Agriculture, Ceylon 1-10-14,

Scowcroft, W.R. and Larkin, P.1., (1984). Somaclonal variation, cell selection
and "genotype improvement. IN: "Comprehensive Biotechnology” Vol 3.

Scowcroft, W.R. and Larking, P.J., (1988). “Somaclonal variation, IN:
Applications of Plant Cell and Tissue Culture: CIBA Foundation

- Symposium [37.

Somapala, A.D. (1967, Research Repori, Rice Research Station, Ambalantota,
Sri Lanka.

74

i

ol
N

s

’\g:\



TISSUE CULTURE OF TEA

P.V. Arulpragasam, B.Agr, M.S¢, Ph.D.
Tea Research Institute, Talawakele

Plant Tissue Culture occupies only a small niche in the vast field
Biotechnology, but nevertheless iz of grear importance in agricultural
development, the potential of which has not becn wtilized in developing
coundries like Sri Lanka.

The Necessity

The question arises as t¢ why we should cmbark o a project of this
nature when there in already a very successful and efficient method for the clonal
propagation of tea. It is true that the preseni sysiem of generative propagation
has proved to he very useful and efficient, but it has jts mitations as well and
cannot cope with the present day needs.

The need for repid and large-scale propagation of quality clones
introduced in recent years bas been rchlected in our replanting and infilling
programmcs, in which estates still continue to plant with only a few of the long
established cloncs hecause of the shortage of planting material of the newly
introduced clones. Tissue celture technigues can be used to rapidly increase
planting material of any clone, no matter how it was developed - whether by
selection, breeding, genetic enginecring or protoplast fusion. The raic of
multiplication that could be achieved by this technique makes possible the
evaloation and introduction of any new clone in much shorter time thao is
otherwise possible. By the conventional method it will take 12-15 vears before
mother bushes are established on a Yarge enough scale to supply the needs of the
Industry. ’



Our primary objective was to investigate the possibility of the
propagation of tea by tissuc culture and 10 develop a protocol for its successful
lmpkmenmtmn. The oltimate objective, however, is crop improvement. The
current emphasis is to develop a sirong technological base for plant regeneration
from tissues, meristems, cells, anthers, embryos and possibly protoplasts plant
regeneration is the fimdamental, essential technology for any applications in crop
improvement and production (propagation). Applying tissue culture and plant
regeneration procedares in producing genetic varionts for disease, pest and stress
resistanes will be some of the basic noaids.

Progress Made in the Tissue Culture of Tea

Rapid, large-scale nropagation using dssuc cultture technigoes have been
adopted for a wide range of planis. However, in the genns Camellia propagation
by tissue culture technigues has had only a linited amount of success and sl
less in the case of tea, Camellia sinensis, the (ueen of Cameilias,

Plant tissue cubture 3s e mrowth or maintenance of plant cells, tasues,
organs or whole plants in vitre. OF the above i vilre systems we have been
working on the regeneration of plants from:

a) Organs - Shoot tips, nodal explants and embryos
b Tissues - de novo f{onmation of organ primodia from

callus  tissues of cotyledons, stems and leaves or
somatic ¢mbryogenesis

Each system atilizes the steps of ¢éxplant establishment, propagule
mwltiplication, planilet regeveration and acclithatization.

The first system is the most widely used system i micropropagition.

The main advantages of this technigue is the increased likelihood of preducing
phenotypically aniforin and genctically stable plants, In our work we used shoot
tips and nodal seginenis with axillary buds as our expiaints.

Embryos ohtained from matwre seeds were also grown and multiplied in
culture using this sysiem, since this offers and casy and rapid way of
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multiplying the few seeds that may he obtained by breeding.

The second system induces cailus formation in tissues like cotyledons,
stemns or leaves. Plarts could then be regencrated from the callus by inducing
organogencsis or embryogenesis. Variations in the planis regenerated from
callus tissues can be used for the selection of new lines.

Culture of Short Tips and Nodai Explants

Shoot tips and nodal segments were collected from actively growing
plants like the plants recovering from pruning. Browning of the explants was
prevented by dipping them in a 1.5% solution of PVP for 30 minutes and:
contamination was prevented to a large exteat by first sterilizing in 95% ethanok
for 45 seconds followed by sterilizing in 0.2% mercuric chioride for 20 minutes.
This was {ollowed by rinsing in sterile distilled water before explunting.

The establishment media contained MST salts at half stwength, thiamin,
myo-inosited, and ascorbic acid. Asorbic acid was uscd as an anti-oxident and as &
vitamin. The suciose concentration was 3%. Cytokinin was used at 2.0 mg 1-1
and auxin (IBA2) was used at 0.1 mg 1-1. The cultures were incubated at 20-230
C at a light intensity of 2000 lux with 16 hour photoperiod.

When the cxplants begin (o pm!i{crme in the establishment medium (6
to § weeks) they arc transferred to the proliferation medium, which consisted of
MS salis at full sitength, increascd cytokinin (BAP3 2.5 mg 1-1) and reduced
auxin (IBA, 0.0Umg 1-1), Increased BAP concentration was found to enhance
shoot proliferation and the decreased auxin concentration resulted in reduced
caliusing at the cut end of the explants. Two to three sheots were produced in
the proliferation medium after six weeks, which were dissected ascptically and
transferred to fresh proliferation media. Larger leaves were tritmed duning

1 MS - Marashige and Skooge © IBA - Indol Butric Acid
2 BAP - Benthyl Amiao Purine
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transfers. This process of dissecting oot and translcmng was camed out every
six weeks. By using this technique it was possible to ubtain about 610 plantlets
within a penod of one year form a single explant.

Ihxs technigue of prohferamm was found to be very efficient, reliable
and reprodacible for the large scale production of shoots in culture.

Rooting of the Shoots Produced in Culture

chroc.u*ungs of shoots produced in culture were tmnsfcncd 0 rooting
media, which consisted of M$S salts at half strength and low concentrations of
auxin. Cytokinin was completely omitied from the rooting mediom.  Roots
were initiated withia one month in the rooting media. Rooting, however, was
not consistent and it was noi possible to obtain a large nomber of rooted
plantiets. Studies on rooting using different pre-treatments, liquid and solid
media, different concentrations of sucrose, calciuwm and other clements are being
camied out.

Acclimatization

The rooted planiz, once tiey have reached a height of 5 8 cm, were

aashed free of e nutrient medium and agar and were transferred to smali plastic

pots filled wiih fumiqa‘u} soil and kept in the humd chamber for a period of one

week Lo ten days. They were then gradually acclimatized to giasshou%
conditions and then ;ﬁamcd out in large p{m and then in me ﬁeid

Cmbrye Culture

Embryos were obtained from nature seeds produceg in the biclonal seed
garden. The seeds were surface-sterilized by flaming after dipping in 70%
ethanol. Embryos from these ungerminated seeds were aseptically dissected out
and cultured in an agitated lguid mediom. Small plantless with two to three
unfurled leaves and with a smail tap root were produced within three to four
weeks. The plantlets were ihen wansferred to solid medium and when sufficient
growth had taken place, transferved to soil and acclimatized as described eatlier.

Shoot tips and nodal segmenis iaken from these embryo plants were
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also multiplied as earlier. These was no contamination in the explaats obtained
from these planis.

Cotyledon Callus Culture

Pieces of cotyledons obtained from mature sterilized seeds were initially
cultured in an agitated liguid medivm. Increase in size of these explants were
observed within ten days and callus fornation was obtained after 2-3 weeks, after
which they were transferred to a solid callusing medium and incubated in the dark
for further callus formation. When sufficient amount of callus formation has
taken place they were dissected out and subcuttured further,

Good proliferation of the callus was cbtained in the medium which
contained 2, 4-D, within 6-8 weeks when icubated in the dark. When
transferred (o fresh caflusing medium and incubated in the light the calli bevame
firm. BEmbryoid like structures developed when transferred to a mediom
coniaining BAP as the only growth regunlator. Some of the embryo-like
structures wrmed green, some of which produced shoots. Some of the calli also
produced embryos which were detached and germinaied (o small plantets. The
shoots developed from the callus tissue developed roots when transferred to
another medium with less sucrose and without any. hormones. The plants
regenerated from these callus cultures were acclimnatized as hefore.

Stem and Leaf Callus Cultures

Basic information is lacking on the regeneration of plants from stem
and ical callus tissues of tea. This information is imporiant because some good
clones are non-responsive to propagation by shoot Up culture,

Nodal segments, suriace sterilized as described earlier, were used as
explants for the induction of stem catius and leafl squares obtained (rom ileaves
produced in culture were used for leaf callus studics.

Initially only a rim of callus was formed around the cut end of the nodal
segment and aboat eight weeks later these turned o globular structures which
were hard and noo-friable. Further proliferaton was oblained by transferring to
media witk a high concentration of sucrose, kinetin and 2, 4-D. '
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Leaf explants started 10 form callus after six weeks at the cut ends and at
the margins. The texture of the leaf calius was different from that of the stem
- callus, being soft and friable and greenish yeliow. Callus formation was found
0 be better when whole leaves were used, since browning at the cut ends retarded
callus mrmauon in sore mxmnces -

A!thf)ugh embrymd-uc structures were formed, rq,cnemuon of plants
did not occurs in any of the media tested. Root {formation was observed in seme
cases.

Possibilities

) A reliable and reproducible wethod for the multiplication of shoots in
culture has been developed. Fsom the work carrded out so far it would be clear
that tea can be propagated by using tssue culture iechnigques. Once a method for
the large scaje rooting of the shoots produced in colture is developed, immense
possibilities for the rapicd and large-scale propagation of tea will become
available.

Cotyledon cailus cvilture has bezn found to lend itself o long-terth
cutinre. This feature could be used in the selection of new lines for stress and
disease tolerance. For, the fength of selection is an imporiant criterion, since
selection agents that are used allow for the prefesential growth of variants.
Several gencration times are required for the few varianis or mutant cells w0
become the dominant cell types in the population before¢ atiempts are made at
regeneration. Thus cotviedon callus culiure offers a useful system for screening
and selecting plants for discase and stress iclerance, and for the development of
new lines.

Future Prospecis
Germplasm ;’rcsszrvaiim{:

The commercially cultivated seedling i€a is extremely heterogenous and
censists of hybrids of various combinations. The vast wealth of genetic material

is being graduaily lost due to replanting with a few selected clones. Tissue
cuitore could therefore be used for maintaining a large collection of the desired
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genotypes.  This technique would also help facilitate the exchange of genetic
materials between countries,

Embrye Culture:

‘This technique could be used to secure the survival of many difficult
crosses in our breeding programme with clones of known characteristics.

Anther Culture:

This approach has aot been successfully carried out in tea, is a proven

- method for stabilizing the tecombinant variety and the useful traits of the F1

hybrid plants. Plants obtained in this manner can be multiplied by tissue culture
techniques.

Protoplast - Culture:

Vork has recently been iniiiated for the isolation and culture of
protoplast. This techinique offers exciting prospecis for the development of new
lings and for crop improvement,

CONCLUSIONS

- The rapid propagaticn of elite tea clones now appears to be feasible
using tissue cultere techniques and this can be uscd for the commercial
production of miltions of plants annually for replanting low yielding seedling
wa. Thiz would give better prospects for this export oriented commodity in
countrics like Sri Lanka, which depend on tea as a major foreign exchange
carner. Mass clonal propagation of tea will have a positive impact on the
cconomy of countries with large tca growing areas.

For crop improvement in the agriculivral sector, whether it be tea of
any oiher crop, micropropagaiion is the final step hecessary O rapidly multiply
any new variety or clone, whethier it is produced by the conventional methods or
by the more sophisticated metbods of genetic engineering or protoplast fusion.
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SCREENING OF YEASTS FOR CONTINUOUS
ALCOHOLIC FERMENTATION

U, Samarajeewa, B.Sc¢, Ph.D
Professor, Department of Food Science
and Technology, University of Peradeniya, Peradeniya.

Fermentation of sugar solations o produce ethanol is perhaps the most
ancient biotechnological process used ky man. The fermentation is brought
about by introducing yeasts to a sugar solution stored in containers and allowing
it to ferment 1l the yeast activity ccases, indicating the maximum production of
cthanol. This method of fermenting in batches is practiced both on industrial
and domestic scales today.,

Alcoholic fermentation could be carricd oui wmore efficiently and
economically as a continuous process. For continuous fermentation, yeasts that
are active at a given range of cthanol concentrations ase needed.

In selecting yeasts for baich fermentations, the production of ethanol by
a given organism is examined in relation t time. The resulting plot of ethanol
production (P) vs. time (1) giving the highest yields as weli as highest slope is
used to select the most suisable organism. 0 a batch fermentation, ethanol
production is limited either by the non-availability of sugar or due to inhibitory
effects of ethanol produced by the organisms themyelves. In a continuous
fermentation the tuniting factor js the rate of growih of the organisms.

The growth and activity of yeasts is govemed by the physical and
chemical characteristics of the fermenting medivm.  Studics on the types of
micro organisms occurring during natural ferinentation of coconut sap i
collecting pots indicated dominance of certain organisms at the initial stages of
fermentation and certain other organisims at the initial stages of fermentation.
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There were vet others that appeared to survive for a while at interediate stages
of fevmentation {Atputharajah ef al, 1986a). These obscrvations indicated the
role of sugar and ethanol, individually or collectively, in limiting the activity of
micro-organisms duriag fermentation. Thus the concentrations of sugars and
ethanel present at any given stage of fermentation are important criteria in
detenmining the rales of fermentaion,

Daring aleoholic formentation nearly 50% of the mass of sugar is lost
as carbon dioxide as shown by the stoicheometric equation below:

Co Hyn Qg w2 20, Hs O + 200,
180g 928 (51%)  38g (49%)

Measuring the loss of weight during fenmentation is a reliable and
simple means of following the rates of fermentation under experimental
conditions.

_ - Examination of 144 veast colures, isolated from fermenting coconut
sap, showed a linear relationship between the loss i weight and etbanol
production when sierile coconnt sap was formented using the pure yeast cultures
{Atputharajah er o/, 1986b).

Theoretical Consideration :

The relationship between cthanol production (P) and the loss of carbon
dionide could be described by the equation,

P W ox M, M e e
where, W = carbon dioxdde lost {g 1D
M. = molecuiar weight of ethanof

M = molecular weight of carbon dicxide
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Tabera (1985), using a compuier calculation program developed by
Marquardt (1963) described the curve for sthanol production in relation to culture
time (P vs. t) by the following equation,

P=at/1+bht e (2)
where, = conceatration of cthanol produced
1= culture time

a and b = characters specific for individval yeast
strains

Differentiating (1) and eliminating t in (2) the rate of fermentation could
be deseribed by the following equation at any requircd concentration of ethanol
. (P).

dp/dt = (8 ~dP)2 /Ao @
At zero time the value of dp/dt = a (g cthanol) L-1 -1

From equation {1), the ethanol conceniration reached at infiite time is
/b (g ethanol L-1). Thus the values of a and b could be calculared using the data
Paud ¢

A plot of dp/dt at different concentrations of P is useful in predicting
the rate of fermentation of a culture at a required cthanol concentration. The
curves could be nsed to compare the efficicocy of yeasts for continuous
fermentation.

Coconut Yeasts

Of 144 ycast culture from coconut sap tesied, 50 showed ciose
relationship with the theoretical curve described by the equation (2) at ethanol |
concentrations above 3.5%, when the cxperimemtal curves for P ovs. t were
preparcd. The method was applicable in furiber selecting yeasts out of the 59
culiures for continuous formentation,
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The activity of the selected coconut yeast cultures were comparcd by
calcniating and plotting the curves (dp/dt vs, P) gsing an American PC model
8088 microcomputer. The yeasts exhlbmn& higher rates of fermentation at
cthanol concentration ranges of 5.5 to 8.5%. were found to be different froin the
yeasts exhibiting highest ethanol production (P vs. t) (Wijesinghe and
Samarajeewa, 1988). The use of kinctic plots {dp/dt vs. P) thus provides a
suitable method in selecting yeasts from coconut sap for continuous alcoholic
fenmentation.

Fermentation of Molasses

‘The following veasts were examined using kinctic plots for their ability
to ferment molasses at concentration of 14, 12.5%, 15% and 17.5% total sugars
and PH 3.5, 4.0, 4.5, 5.0, 5.5. 6.0 and 6.5 induced using acelic acid or sulphuric
acid:

Bakers yeast (Jessafre, F mncu
Sauterns yeasi (Unican Foods, UK
Champagne yeast (Unican Foods, U )}

Two cultures oloted from fermentng Kitel (Carvota urens) treacle.
Of the five yeasts, the bakers yeast exhibited the highest rate of etbanol
fermentation ot an indtial iotal sugar concentration of 12.5% and ethanol
concentration range of 2 1o 7%.  All veasts showed reduction of activity at
increased ethanol concentrations above 3%,

The highest rate of fermentation was observed at pH 4.5 to 5.0, when

adjusted using sulphude acid. In the molasses formentation indusuy, 8 pH of

4.8 is uscd. No fermentation nccurred below pH 5.5 when acetic acid was used,
The acetate ions uppear to be toxic o fermenting veasts below pH 5.5,

In relation to sppar concentrations, the highest fermentation rate was
observed at 17 5% total sugar with bakers yeast. Al §% ethano! concentration

this rate was 59% more than the vaic at 12.5% ol sugars.
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CONCLUSIONS

Yeasts isolaied from coconut sap and the bakers yeast use presently for
batch fermentation of molasses could be used efficiently in contisuous alcoholic
fermentations. In batch fermentations the use of molasses at a total sugar
concentration of 17.5% may increase the rate of fermentation significantly
compared with sugar concentration of 12.5% used presently in the industry.
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BIOTECHNOLOGY FOR PLANT GENETIC CONSERVATION
AND BREEDBING -

~ P.K. Samarajeews, M.Sc.
Plant Genetic Resources Centre
Department of Agriculiure, Peradeniya

In agricultural crop production and for the sake of simplicity,
biotechnology can be defined as "manipulation of DNA, plant cell or
plant parts in vitro to form a useful product or creaste a novel
genotype™. For plant blotechaology, tissse colture or in vitro culiure offers
several imporiant iechnigues applicable 1o genetic conservation and for creating
ncw genotypes which are impossible with the conventional methods.

CONSERVATION OF GERMPLASM '

Phant genetic resources are considered to pecome more and more
important in {oture as they provide ihe inain soutce of brecding materizls for
crop improvement. therefore conservation of genelic resources, which are being
depleted fast due to various reasons have become more importimt. Today, world-
wide attcation is focussed on this goal. '

Genmplasin preservation is primarily accompilished in the form of seeds
as they occupy a-small space and can be stored casily for many years, However,
this method cannot be applied to a variety of crop plants. These include
vegetatively propagaied crop plants such as hanana, root and uber crops.
Certain other crops which mainly include fruit crop species such as avocado,
mango eic. have recaicitrant seods which foose viability when subjected 1o
dessication and low temperatures and hence cannot be conserved in the same way-
as other secds.
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Though one can contemplate the field conservation of these crops the
cost of maintzining them, especially annuals and biennials, in the field would be
very high. Under field conditions they are prone to pests, diseases and other
environmental hazards. In contrast to field conservation, maintenance of
germplasm in vitre or in tssuc culture form has the following advantages:

1. They are free of pests, diseases and other effect of adverse
conditions.

2. Relatively little space is reguired.

3. In vitro propagation is rapid and can be accomplished irrespective of
SEasons.

4. Exchange of sernmplasm is easy.

IN VITRO CONSERVATION

As described by the International Board for Plaat Genetic Resources
(IBPGR) the activitics related to in viiro conservation of germplasm are
presented in Fig. 1. The germplasio roceived in any form is entered into in vitro
cultures. For genetic conservation the nse of organized tissues is of primary
importance. Thus merisicm - tips or shoot apices are considered 10 be the
suitable starting maicriale for establishment of cultures. Gecurrence of genetic
variahility in other tssue cultnre fosms is qoite evidemt (Bhojwani and Razdan,
1083) and hence they ae ymsultable for germplasm conservation of cjonal

propaga $0n,

wie

The research conducied 4t the Plant Genetic Resources Centre (PGRC)
has helped o develop in vitro techniques for several vegetatively vropagated crop
plants namely cassava, potato, sweet potdo, yams, colocasia, innala and
hanana snd presently a number of accessions in zach ¢rop are being held in in
vitro form {Fig.2), In crder to apply tissue culture for genctic conservation,
technigues of meristens - tip or shoot - tip culture, wmicropropagation (Fig.3),
plant regeneration, acclimatization and planting the tissue culture del ived
plantlets into soi! have to be perfested for these crops. :

O3

‘



cmwana Characterizatlon & Evaluationem .o ..

’Orlgin&!
field
tollecting

Acquisition.

In vitro

© el ture

Quaraatine -| )
Disease . }—or—>
{ndexing ., i

Disease
eradication

Field
. genebank

Hatatenance
and

wonltoring of

stabilvty

Fig. 1. In vitro gencbank pruceédurea.
(P.xcerpted froa [BPGR report on Deaign,
?lan'ung and Operetfon of In vitro Genebanks. )

9]

base
genebank

Ve (xvacy
D;st::gution . act:vei HonJ‘orxng
: < geneban of
exchange (IVAG) \EX staailily.
T

e eea Ddcumén}dtion mema




ImJLasm.

nation of

Slociass superba.



Stored germplasm has to be free of disease especially of viruses and
viroids. Therefore, wherever possible the germplasm is freed of diseases. For
virus elimination the motber plants are subjected to thermotherapy at a
temperature of 35-400C {or a suiiable period prior to meristem-tip culture. The
regenerated plantlets often are virus indexed employing one or more of the
available methods, such as the use of index plants and ELISA teuhmque

The cultures, growing under nompal conditions, are subcultured at fixed
intervals for their maintenance. Frequent subculturing however can result in loss
of germplasm due to contamination and is uneconomical. In order to reduce the
frequency of subculture two approaches are available.

i. Growth Retardation

This method is suitable for short-term or medinm-ierm conservation of
germplasia for several months to several years.

Growth retardation of cultures cap be brought abour in several ways!
i Tew pemture Contrel

At low temperatures, culture period has been extended successfully for
several crops. The experiraents conducted at PGRC with cassava, sweet
potato und banana have shown that the growth of culture can be reduced
five fold by maintainiag them at 15¢ C compared to those at 26° C.
However, the temperature depends on the (rop species: topical species
15-20° C, subtropical species around 100 C, temperate crops 0-6¢ C.

e
"
.

Light

Low light regimes are preferred for slow-growing cultures at low
temperatares. However, some tropical crops like cassava scems t0
require slightly higher fight intensities than other crops, like sweet
potato.

1 ELISA - Enzyme Linked Immuno Sorbent Assay.
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{Kartha, 1985), THere the plant s
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temperatuse of Buuid alirogen (- Nf» > 05, At this th;*ex,uurc the cells stay in a
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Culture Media Composition

A adjusting the composition of inorganic nutrieots in the culture
mediom,

b. . varying the sugar concentration,

€. removal of cytokinin,

d addition of manuttol or sorbitol.. -

Freeze Preservation (Cryopreservation)

This method can e ux*r’uy for long-term conservation of germplasin

rals are frozen and maintained al the

completely inactive staie.

o
o
.

The proceddores of freeze pregervation involve the following major steps:
Pre-treatmeni. of maieriale

This is done to enhance the freezing reaistance of

materials. In this procedure the materianl is  treated with

a2

cryoprotectants such as dimgothy! sviphoxide (DMSQO}.

Prefiminary freczing

The material is cooled at a wemperature around -300 C to induc extra
cellular freezing reducing the water content to prevent damage when
cells are freated with guid niirogen. :

Freezing with Hguid nitrogen at <1960 C.

Thawing: tapid thawing in water of 35-40¢ C is satisfactory,
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v. Regeneration of plantlets

To regencrate planticis from meristems or shoot apices the ordinary
tissue culture methods are applied,

- Stndies have been carried nut on the fieeze  preservation of a number
of vegatatively pmpagatcd creps, including apple, cassava, polaio angd strawberty
{Kartha 1985).

NEW GENOTYPES

Development of varieties through traditional methods which are based
on sexwal reproduction has been cxtremely successful, Despite that there is a
constant demand for ,ugal ypes, heger adapicd 10 their soil and climatic
conditions, with built-in sesisimee o pests and discases, The genes neeessary ©
achieve those breeding objpcme& are often found in prnitive cullivars and wild
relatives. The attempts made Gwoagh conventions! meihods io associate such
characters with those of caltivated varietics have failed freguently due o various
incompatibilities existing betwecn them.  Biotechnology belps overcome these
limitations encounted i sexual bf"*du‘g allowing greaier plilizaton of a wide
range of germplasm 16 produce novel penotypes. Further it provides
ORportunities (0 ncoiporate alien oenes from nonplint sources such as micio-
ofganizns jnto pants.  Several dmporiant bio-technology technigues are
dizcussed hese.

2} Zygotic Embeys Culture

This is a more aseful technigue in dssne cultere with immediate
application o breeding by raising rare byltids. In many interspecific
and sometimes W inlereenene crosses, feritization oocurs nur'ndnv and
the embryo shows carly development; however. poor or carly
development of endosperin resalts in-premature death of e hybrid
embryvo. Insuch cases the cmbryos can be dissected out at early stages
angd enltured in a defined mediu,

Embryo calture or embsyo-cailus culture has beea successtully applied
1o producs wany interspecific and infergeneric ¢crosses. (Bhojwani &
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for plant regeneration from protoplast culture, has increased
considerably (Mendis, 1990).

Protoplast culture has two distinct applications. Cell fusion or somatic
hybridization offers a completely new approach for distant hybridization
especially where prefertilization in compatibilities are seen. The other
most useful feature of plant protoplasts is that they can take vp foreign
DNA; These properiies combined with the totipotent nature of plant
cells have opened up avenues for creating new genotypes. However, no
purpose is served by carrying out genetic transformation or somatic
hybridization, mnless a reliable plant regeneration procedure  from
protopists is available.

Anther and Pollen Culture
The discovery of haploid plant production from ansher or pollen culiure
and doubling of their chromosomes to produce double haploids

stimulated the interest of many workers since it seems to have several
advantages in breeding:

i. key problem in sexual breeding is the long peried requived ©
fix a new genotype. But in anther or pollen culture, 2
homozygous line can be produced in one generation saving
censiderable time in breeding.

ii. Complete homozygosity can be produced. This is ditficult 10
achieve with sexual breeding alone.

iit, Haploid inaterials are useful for genclic studies.

iv. Haploid cells can be used for somatic hybridization

Anather or pollen culture techniqgues and conditions necessary for cultare

have been developed for a number of crop species and several anther culinre

derived new varieties have been released (Bolton and Requin, 1987).
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CONCLUSION

In vitro preservation of germplasm by growth retardation is a simple
technigue which has been applied successful to several crops including cassava,
potaio and sweet potate. But with this method cultures cannot be maintained for
a long period withowt sub»cui(lxz‘ing. Though genetic variants in vitro culture of
meristom or shoot tips have beer discussed their occumrence has to be
substantiated with more rescarch. For long term conservation of germplasm, if
the freeze preservation iechnigues are (o be of practical use, further studies are
needed to perfect methodology, with respect to each crop, enabling sufficient
recovery of materials following freese presevvation.

With respect to application of plant biotechnology to geunetic
modification of plants, the fechnigues described here are mostly supplementary
tools to conventional breeding, A genotype created throvgh application of any
of these wchnigues may have (o be fenber manipulated with traditional methods
to produce a desirable variety, Among these lechaigues, embryo culiure is
simpie and can be counsidered to have an bomediale apact on a number of
hybridization programumnes. 1t is also important 10 have the methodology of
whele plant regencration perfected from callus or cell suspension culture and
protoplast cultures especially in view of the advancements made in the ficld of
plani moleculur biolegy and genetic tansformation work. Lt may be concluded
that the further deveiopment of plant biotechnology depends on the overall
progress of bioiegy and biotechmology cannot be coissidered as a separate area of
research. :
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THE C.ONTRIBUTHON OF THE PRIVATE SECTOR TO THE
DEVELOPMENT OF BIOTECHNQLOGY IN SRI LANKA

S.B. Rajakaruna, B.Sc. Agriculture
Group Agri-Enviromnental Manager
Ceylon Tobacco Co. L, P.O. Box 62, Kandy.

Introduction

The Ceylon Tobacco Company (CTC) established its tissue culture
loboratery in 1980, at Kalagedihena, This laboraiory was eguipped to produce
approximately 200,000 plandets; fur the company nursery and other growers.
Over time with CTC shifting its focus, as growers, {from orchids i foliage
plants, there arose an issue o orient the laboratory's services in the direction of
contract with M/s Danefeldt Led., of Denmark and undertook to produce a timited
range of tissue cultures provided by this company. Since the returns generated
through this activity was inadequate CVC, in 1983, carried out a preliminary
survey to identify the potential fur elite planting material (food and other crops),
in Sri Lanka. Accordingly, a project was launched to prodice seed potatoes, as
the survey revealed that there was a potential for seed potato, which could be
developed through tissue culture. Simultaneously, CTC entered into a contract
growing arrangement with Twyfords Lid., U.K. and the taboratory facilitics
were elevated to produce one million plantlets per year. With the company
entering into a coniract with Sunki Pvt. Lid., of Australia, again for contract
growing there was an effort made o modernize the Iaboratory and the production
capacity was then elevated to 1.6 millicn plants. In both these instances the
outside companies provided the cultures and bought back the plantets.

The CTC's expedence in contract growing depending on imporied

cultures for commercial operations is as follows: high costs have to be endured
to obtain cultures; uncertainty of markets; supplicrs of these cultures, being

1o



_reluctant to purchase the plantlets developed with these cultares and lastly the
decline in the global level markets for tissue coltured plants. This knowledge
fead o CTC acknowledging that contract growing and total dependency on
foreign markets cannot sustain the company in the long term. Therefore, the
company turned its focus towards developing local markets for tssue cultured
products. This resulied in the company directing its efforts towards research,

development and production of elite planting material for the local market whilst
still continuing with contract growing.

Current Programmes
Elite Planting Moterial for the Local Market

CTC bas concentrated on the following:

a) Developing lissue calture and micro-propagation for the
PUIPOSC ¢ of prodecisg seed material of potato.

b Producing high quality planting material for the fruit

indusiry.
<) Tissue cubture and propagation of omamental plants,

Producing Sced Poisio

Our obiective in developing the tissue culture and micro propagation
rechniques for notato wag to produce high guality seed tubers for the local
market.

Potaty is consumed as a vegetable in this country. The annual

consumption is about 20,000 M/T. This is produced from 15,000 acres or

6000 hectarcs of kand. The amount of seed required to plant this extent annually
i5 15,600 M/T. This coguirciment is supplied as follows: ‘

Farmers produce 10,000 M/T, through seed fanmers anJ the balance
3,000 M/T are imported a3 certificd sceds,
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Our cfforts are (o replace a part or if not the total material imported, as
certified sced, with seed material produced locally thus hamessing the tissue
culwre snd micro propagation techniques that have been deveioped so far.

We have been successful in the development of tissue cultured planis
for potato from disease indexed tubers. These in vitre material has been
successfully planted out in the green house and through micro propagation have
been able o produce zero generation tubess in growth tunnels, under insect proof
conditions.

These tubers bave successfully multiplicd at the field level, and the first
generation of certified seeds, has been obtained. Consequeaty, we are huping to
produce, within the next few ycars, sufficieni quantities to the local needs of
certified seeds thereby substituting for impers.

Planting Material for the Fruit Industry

in this area, we have been working iainly on banana, pincapple, grapes
and passion fruit. Jn the case of banana, we have hesn successful in producing
planting maicrial through tissue colture of variely ‘embal’ or ‘sowr banang,
which has been tested for three generations whilst other varieties like
'kolikutta', 'wnamalu’ and 'Williams', cavendish variety, have also been
successfully produced through tissue calinre and arc presently being ovalunted.

Pineapple

Vanety '‘Mauritins' has been svceessfully multinlied through tissue
culture and the planis are presently being iested out in he field, With regard o
smooth Cayanoe varietics, we are presently muitiplving the varicty Kew' which
is reveating promising results. We intend 1o concenuate o this variety as it has
a demany in ihe overseas market.

In grapes, our work is stifl in the experimental stage. We have been

successful in the meltiplication, rooting and hardening of the plants in the green
house amd a few plants have been tested oot in the ficld.
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Passion Fruait

It is worthy of mention here of our success with fruitgcmps. For the
first time in the history of bio-technology, Passion fruit plants have been
produced through tissue culture. This has been due to the research carvied out by
us, in our laboratory, for several years. This information bas already been

presented at the Iast session of the Sri Lanka Association for the Advancement of

Science.

Ornamental Plants

Local varieties of Anthuriums have been successfully produced through
tissue culture. However, we bave so far not been able o produce plants of
experinent varietics of Anthurinms, through tissne culture.  Except for one
imported variety, the other imported varieties of anthuriums have not respouded
to production through tssue culiure.

The piandets produced Of I;mi varictics of Anthurinms are being
hardenad in the green house and some have been transfarred for ficld evaluation.

Successful attempts bave beor made fn the propagation of folinge plants
through tissue coliure. Among the types propagated, we the Cordyline varicties
‘Dracacna Warnackei, ‘Souvg of jamaicy', which is a pleomela species, and
Agloanema ‘sijver gueen'. Here agaiu, it is imponant 1o note that there has been
tittie or ne previons work done in the tissue culture of Agloanema. Therefore,
our achievemants Agloanco is noteworihy.

Fature Divections

Qur future plans are o oxplore focal market opportunitics whilst
comtinuing with exports of contract grows materinl, We also, intend to putld up
a reputation ax a relishle high guality ow cost producer of clite planting
material, In mc int ¢ are o dovelop an in-pouse R&D facility 10 work on
new HHes 56 as o galn a competitive advantige o e export market.

A programme, o svaiue the pecformance of tgsue cultured waterial at
the field level prior (o i boing seleased (G the locad market, s under way.
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Lastly, we expect to cstablish a germplasm bank to store quality starter

material, which will
production for the loc

2nsure an instant availability of the same to carry out
At and export markets.
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IMPORTING PLANTING STOCK -
THE IMPORTANCE OF PLANT QUARANTINE

Dr. SN. De S. Senevirame, B.5¢. Ph.D.
Formerly, Plant Pathologist. Ceniral Agricultural
Research Institute, Gannovows, Peradeniya,

The plants growing in a given country have not all originated there.
Many have been introduced from clsewhere, 4 practics which has been going for
cenivries. In Sr Laaka, for eXnmp!e, many of e crops now cultivated bere
originated elsewhere: tea in Southern China, rubbes ir South America, coconut
possibly in Ceniral America, coffee in Ethiopia, coron in South America. pepper
in India, banana in Peninsula Malaysia and Papua New Guinea and cassava in
South America. Our staple-food provider. ihe vice plant, cultivated here for
centurics, was itself an carly acquisition which bad originated in China or South
LEast Asia.

In those distant times, planting matcrial was freely moved from one
country te another. There were no restricions.  But there were crop disasters
{rom time to time. The {ungus Phyrophtheru infestanis devastated potato crops
in Irelang in the 1840s contributing to the great famine which gripped that
country in which about 1 1/2 million pevple dicd. And fn our own country,
another fungus, Hameleia vastairix. caused the epidemics of leaf rust that led to
the collapse of the nascent coffer industry i the 1860s, costing the country
17.000,000 sterling pounds.

It came 1o be sealized in the course of time that while the benefits from
plant introduction were subsiantial, there were &"-.r;gcré too: the cntry of plant
pests and pathogens with the planting material istroduced; aud that it wouid be
prudent io adopt measures which while allowing the fiow of the desired planting

stock, wonld nevertheless control the hazards of associated pests and pathogens,
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Plant guarantine had arisen as a defence reaction. In today's world, quarantine
regulations of various sotts have to be complied with, phytosanitary cortificaies
have 1o be obtained and, for the more effective operation of the controls, co-
operation between countrics has been developed - as with the Plant Prowection
Agreement for the Asia and Pacific Region which binds together more than 20
countries including Sri Lanka in 2 co-operative effort to prevent the introduction
and spread within this Region of destructive piant pests and pathogens.

While those knowicdzeable in matters relating to plant protection
recognize ihe importance of piant quarantine, others regard it as Irritating
obstacle impeding the free importation of plant material. Those for whom such
froporns arc commoditics for sale generally care hu}e about any adverse etfects on
agriculture and the cavironmaent in the Jong term.  Quick profits are all that
matter. What is distressing is the cvnicism of some members of the scientific
community, who canot plead ignorance when they treat the provision of plant
gnarantine with scant sespect. They often flout the provigions of the Act. Theze
are also others who ucl above the law, the VIPs. Sometines conscienlious

governmerd officers fose Divoar over agdverse reports by ViPs.

However, whalewer the ovaics may say aud do, quarantine regnlations
and procedures are vitally necessacy. They bave been formulsied (o protect our
agricoliure and the cavironment from avoidable disasters, consed by hazardous
organising vhick may gain eniry with inreduced piant material and plant
producis, as weil as with the packagings in which they are transported, or the
soil i which rooted cuitings and phis are supplied.

Plants are subiect w atinck g oy pests and pathogens, of which there are
many thousands the wordd over. Tn S8 Lanka 100, the list of recorded posts and
pathogens is a long onc: vet, ibere are many dangerous pests and pathogens
which do not occur here.  Should they gain entry and get establisbed, the
consequences may well be catasgophic. Agriculture is the principal occupation
of many millions in this country: agriculiural commoditics account {or the
major sharz of her expori carnings: much of the food we consume s home
grown. Anv theeat 10 8ri Lanka's cconony and agricultural output by hazardous
pests and pathogens that may be inadvertently introduced cannot be lightdy
dismissed. Adequatc precantions smast be taken to prevent such calmnitics.
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Examples from rubber and rice can be used 10 emphasize the importance
of plant quarantine in fulfilling our regional oblxoauons and protecting our
national interests. Rubber is an important plantation crop in Sti Lanka and other
South East Asian countries, It is susceptible to a devastating disease, South
East leaf blight, caused by the fungus Microcyclus ulei, which does not occur
anywhere in our Region. Any lapses in preventing its entry will lead to
disastrous conseguences for the whole Region. Great strides forward have been
made in increasing rice production from some 21.9 million bushels in 1952/53
to a record production of 127 millica bushels in 1984, Part of this increased
production is attributable to the fact that Josses causcd by diseases have been
reduced to negligible proporiions. The devastating discase, blast, caused by the
fungus Pyricularia Oryzae affected many of the varieiies grown earlier. Thus,
Pachchaiperamal, which was very susceptible, had recorded crop losses of as
much as 92%. This disease was overcome by incorporating a high degree of
disease resistance into inproved varieties that ase now extensively culiivated.
One of the most favoured donors of blast resistance used in breeding programmes
Tetep, is highly resistant 10 the races of the biast fungus occusring in this
country. Bat Tetep is attacked by races of the biast fungus ovcurning in Pakistan
and the Phillippines. The entry of these races into this country wilt have
catastrophic consequences. P. oryzae is secd-borne and tbeir inadvestent
introduction is & very real possibility. Indeed, it has aleeady buppened in Nigeria,
Upper Volta and South Korea. In Upper Voita, for instance, rice yicids which
nad been dramatically increased from 700 kg/ha 1o 10 tongs/ha/year sutfered 4
severe reverse when new strains of the biast fungus, able to attack the high
yieiding varictics cultivated, entered the cosntry with sced inwoductions. Crops
were severely aifected and yields redaced to the miserabie old ievel of 700 kg/ha.
This should be a lesson for Sri Lanka. It will be wise to ensure that viruient
strains of P. oryzae able to atiack our varietics, are prevented, by the application
of guarantine sateguards, from gaining entry into the country.

Crop umprovement pecessitates the important and introduction of
germplasm from sources outside Sri Lanka. Thay is perfecily acceptoble. What
is not acceptable is that some introducers, ignoring the attendant sisks, should
circumvent the safeguards of plant quarantine i order to expedite their own Crop
improvement programmes.  That these ransgressors may be members of the
local scientific community and may even be working for research institutions
wiil not save them from defeating the very purpose of thelr efforts te improve
crop production should their ransgression reselt in the inadvertent introduction
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and spread of some destructive plant pathogen. The outbreak of a severe
epidemic of bacterial leaf blight caused by Xanthemonas oryzae at the Central
Rice Breeding Station at Batajagoda in 1987 and the oceurrence of virus discase
at the International Winged Bean (Dambala) Institute at Palickelle in 1986 both
appear (o have been crused by such improper introductions of germplasm - seed.
Thess two cases may be claborated on.

Bacterial leaf blight was recognized as a potential threat © rice
prodaction. The causal bacterium is seed and walcr bore. A large exient of
paddy land received water from frrigation schemes.  Accordingly, intensive
screening of vice hybrids from breeding programmes was done with strains of
this bacterium occurring in Sri Lanka and all the new improved varietics released
were found to have adeguate resistance to the disease. It was therefore surpsising
to hear of a scrious epidemic of bacterial feafl blight affecting the improved
variety Bg 94-1 at Batalagoda in 1987, X, Oryzae like he rice blast fungus, also
has ditferent strains. The Tsabella strain of the bacterium in the Phillippines, for
instance, attacks varielies resistant o other strains. Was the epidemic a
Batadagoda capsed by an alien stain of the pathogen which had gained entry with
sceds directly introduced 0 our premier rice breeding station? 1 have long
cautioned people in the Department of Agticuliure that indiscrect introductions
into station such as Batalagcda werc 1 be fraught with danger. Whether they
necded my advice is of coune another matter,

g that fwmous ternational Winged Bean {Dambala)
pagzerness W bridge the protein gap of the country's
vndernourished millices, introduced seed of Dambala cultivars from various other
countrics with Huitle vonshderation for precautions (o avoid risk of discase.
Predictably, what appearad to be a virus discase was observed in research plots at
Pallekeile and { was commanded to investigate the probiem. 1 complicd. A
virus was isolated from dis 4 Dambala plants, one which was able 10 infect
many snportant ng,mmn:‘ crop plants culiivaied here i 351 Lanka, inciuding
cowpea (ovs Ardingion, M1 35, Hawari Mae and Polom Mae), green gram
(evs T 55, Mid and T77) aud black graw {cvs M] and T0), and also the
leguminoys msp plants such oy Vandary Mae (Mucun prurniens, Phaselous
lunaius a0d the comin wod Clitoria tesnatea. The virus resembled the
Psophotarus ringspor mosaic virus which 18 prevalent in West Africa. Ttis
probable hat the virus was isoduced to Pallekelle with imported seed. The
introduction of 2 new visss able to mfect other plants in Sri Lanka besides the

There was als
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cultivated crops is a matter of serious concern and is a calamity that was
avoidable had proper quarantine safeguards been applied.

" Seeds, a fréquent means of securing germplasm, also serve as carriers of
many pathogens and pests, including viruses. About 90 viruses have been
reported as seed-borne. Many accessions in germplasin collections worldwide
appear to be virus infected. At the Western Regional Plant Introduction Station
in Pullman, Wa&hxngmq bean common mosaic virus (BCMV) was detected
seed-borne in many of the Phaselous accessions in the germplasm collecuon and
a strain of pea seed borte mosaic viras (PShMYV) was detected in 38 ‘out of 570
accessions in its lentil {Lens culinaris) germplams collection. At the
Northeasteérn Reglom! Plant Introduction Station in Geneva, New York, pea
seed- borne mosaic virus was detected in 420 out of 1835 accessions of Pisum.
sativam in the germplasm collection. In germplasm collections elsewhere,
uridbean 1eaf crinkle virus has been detected seed-borhe in green gram, bean
COMMON IMOsaic virus, mungbean mosaic virus and cucumber mosaic virus in '
mungbcmi: and uridbean leaf crinkle virus, bean common mosaic virus and
broadbean mottle virus in blasck gram. It would appear that viruses are
inadvertantly inwnduced with plant gerplasm in the international wansfer of
gerietic resources and it is therefore” vitai for us in Sri Lanka to strictly observe
necessary quarantine wﬂ,guards 62 to avoid 1everses when working towards the .
objective of &,mp improvement and Crop diversification with mtmdu‘,ed
germplasm.

Plant quaranting safeguard are of tie ubnost importance in preventing
the introduction of insect pests too. Fortanately, most insects can be controlled
by methyl bromide fumigation. However, with insect pests also, the practice of
circunventing quarantine procedures has aready cansed near Jisasters, the culprits
responsible usually being influcntial people and those with political clout.
Some years ago, a very wealthy and influential person imported Mcditermanean
oranges for his ailing wife. The Imspector of the Colombo Fumigatoriom

refused o release them becausc the laws of the land had to be observed. Outraged

by the Inspectors’s impertinence, this important person sought the intervention
of VIPs to secure the refease of the coasignment. Foriunately, before that
attempt succeeded, specimens of Mediterranean fruit fly had batched out of the
oranges. So St Lanka - Ceylon in those days - was sparcd the dire conscquences
of an eniry of this illcgal tmmigrant through the devotion to duty of a
conscientious official, But another illegal immigrant, the coconui beetle,
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Promecotheca cummingii, which arrived in Sri Lanka from Singapore in the
company of orchids, escaped o cause havoc in the coconut belt before it was
¢ventally controlled.  The orchids were apparently imporicd by a person who
weilded considerable nfluences and pelitical clout.

And now the destruction - perhaps it would be more correct 1o say, the
sabotaging - of the flowishing potato growing industry of hill-country, with the
introdaction into Sri Lanka of the potato golden nematode also called the potato
cyst nematode (Clobodera spp. and Heterodera spp.). For the information of the
uninitiated, it may be poinied out that this nematode is considered the most
important of the pests of potato. ls microscopic eggs (alse calied cysts) bave an
excedingly tough shelland can remain alive in the soil for up 10 30 years; they
are highly resistant to deviccation and are easily dispersed; infestation with this
pest conld canse crop fosses of 25-50%; Tasd once infected must be laid off for 8-
9 years before it can be planted again with potat.

o Ia November 1984 cysts of this dangerous pest were detected in soil
collected from craies in which a consignment of sced potatoes potatoes had been
tmpotted contravening guarantine regolations. Nevertheless, the Depastment of
Agriculture had quickly cleared and distributed these seed potatoes. On 27th
November, z group of the Departinent's specialists was asked urgenily on how
the situation which bad arisen should he handied so as 1o avert the grave danger
thregicning Soi Lanky's potatoe cultivation, The group consisied of Dr. P
Shivanathun (Chief Plant Quarantine Officen), Dr. 8.1, de §. Seneviratme (Plant
Pathologisy), Mr, 113 E. Pories (Entomologist) and Mrs, H.MR K. Fkanayake
(Nemutoiogist) agricuitural scientists who must be considered the most suitable
persons n the Department t© make recommendaiions in this matter,
Apparently, the recommendations made by them were disregarded, Catastrophe
for the mdustry inevitably followed. It is, of course, no secret that vested
interests have manipulated for a long time io seed potsto imporis, distribution
and sales to their advantage. The consequence of indefensible decisions that had
been made have been borne by [armers who make their livelibood from the land
they coliivate, the consumers and the country at large. Who is respunsible?,

- Whore does responsibility lie? These are some of {he guestions that roust be
rised and answered, '

There can be ne doubt about the importance of plapt quaraniine.
Important siso is the capability (o exccule the functions associated with plant

s
i
Ny



quarantine. ‘This activity in Sri Lanka falls within the purview of the
- Department of Agriculture. More than 30 years ago, the Plant Pathologist at
that time, Dr. J.W.L. Peiris, made proposals for the establishment of a plant
quarantine station, Welisara which js closc to the principal ports, being
¢ suggested as the preferred site. His advice was not heeded. Insiead, attempts were
made to site the station first near Rahangala, afterwards at Ambewela in the up-
country. With the fortunes of the main actors changing, Gannoruwa became the
favoured site. In due course, a station was established there. So plant material
10 be quarantined had to be transported many miles inland to an ageicultural
market place, bustling with people. A forward step was taken when an offlicer
was assigned to take charge of plant quarantine, on a full tinmie basis, whereas it
previously had been ‘overseen’ by the Entomologist and Piant Pathologist. A
very compeient scientist was appointed Chief Plant Quarantine Officer.
Unfortanately, be could. not discharge his duties in the most desirable manner,
weighed down as he was by administrative problems. In the matier of
supporting siaff, Plant Quarantine was treated as just one more unit of the
Department to which officers, or rather ‘bodics', were moved, sot on their
suitability for the work but on other criteria. Subordinaie officers must submit,
v be flexible, malleable and adaptable in order to be acceptable to the bierarchy.
And these “obedient servants® at the KIA have also to discharge a most
importani function - help clear the baggage of globe-trotting officials as they
retorn with their acquisitions from iheir uips abroad. No organization with an
important national service to perform can function that way. Plant Quarantine,
if it is to bo effective, must ceasc to he an appendage of the Departinent of
Agriculture, and must be set up as a separate Department, staffed with competent
people, provided with the necessary facilitics, and sticd not just anywhere but at
a logically, scieatifically, appropriate location. Above all, compelent persons
who know their job must be allowed to funciion cffectively, uninhibited by the
pressures applied by an uninformed administration.
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THE NEEDS OF THE PRIVATE SECTOR FOR
- NEW PLANT GENOTYPES

R.L. de Siivy, B.Se, PAD, DIC
43173, Havelock Boad, Colombo 06

The tide of thus paper impliss that the need of the private sector and
those of the state secior {in respect of plant genotypes and indeed of other thing gs)
are different. This is precisely so. The private sector, while having their
missions and corporate goals, have comumercialism as their main ohicciive,
They endeavour to make peofits by exploiting market opportunities and
techniologics under good numagement, ¥ inanzgement is offete, e coms nm
will either go bankrupt or z‘,mv;cz:wd o mergers of acquisitions, often lposing
their best s1aff i the process

)

The nt
national, poiit

: ih or others. Exlightencd governments do noi
usually v ,\sh ) E-,c, Hive 2 ty cormmercial setivities valess under very
specinl Cirmurmas 7 e iy, bowever, o manage incidental activities
ariging from ”]Ci{ sormal fnscions on a commicreint hasis such as marketing by-
products from their research siavons, of rani & the postal system. They prefe
o leave commercial activity In the hands of the private sector which is
especially cquinped &2 dhing commencial ventures,

in the agri-horii tor in Sri Lanka, apart from the Sei Lanka
State Plantations {.‘ﬂz‘p{?-m ol (buéﬂ'{f} and the Janatha Tstntes Dovelopment
Board (JEDB), the Govertunent of Sri Lanka (GOSL) does not participate i
purely copyncrcial activily with the possible exception of some very sinall
ventures, Bven ihe SLSPC and the JEDEB are so0n {0 be privatised in siages,
The state dogs, rowever, pasticipate strongly in rescarch and exiension activitics
audl 1o a fimited exient in marketing agri-honicuitoral produce locally. With the

s of the state sector are guite different. These could be

™
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excepuon of the acuvmem of the SLSPC and JEDB, the staic is vmually abscnt
from the export arena.

Requirements of Plant Genotypes for the Local Market

Piant genmypes are required to satisfy the needs of local consumers as
well as to service industries which depend on plant raw material eg. the tourist
and hotel industry, hospitals, schools, cannerics, breweries, distilleries, the
construction and furniture industrics, and as a source of energy.

_ Both the state and the private sectors produce such plant raw materials,
but with the exception of the timber and fuelwood raw materials, the private
sector accounts for the bulk of the production. For the private sector o deliver
the goods satisfactorily, it bas 10 be emphasised that a most important aspect i$
security. Agri-horticultural produce needs outgoings in cash. The private sector
will not make the necessary investments if there is no proper security for their
produce against thieving and pilferage. Those caught thieving must be punished
on conviciion,

Catching them is difficult enough. Once caught, they cannot be
allowed 10 get away on any account. If allowed it will kill the enthusiasin of the
private sector and dry up investment in agri-horticylture. The jarger
establishments will take claboraie security measures, but this will only put up
production cosis.

Reqguirements of Plant Genotypes for the Export Market
The following are the important points {0 be noted:

a) Marketing opportunitics must be seized promptly without lovsing out
10 competitors.

b The private sector nceds assistance in research from the rescarch
institutes and the universities. The private sector in a country like Sai
Lanka, cannot afford o set ap their own research laboratories except on
a very limited scale. They have to give priority to setting up gquality
control laboratories, and may aot have the ressirces for elaborate
research units. They depend on foreign technology. itis therefore, very
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necessary that the univessities gear themselves for carrying out contract
research, as is done in developed countries and in many developing
countries tike India. The research institute too must gear themselves to
doing coniract rescarch instead of merely depending entirely on
governmeni handouts from the tax payer. Such funds will be
increasingly harder to come by, There has to be definite objectivity in
research, with problems properly identified and the anticipated benefits
from research clearly forecast. Reports of research stations should give
the purpose of the studies, and the achicvements, so that the reader is
aware of the problem and its solution. In this way research studies can
be more user oriented.  The present system gives an appearance of
weakness in restarch management and monitoring. and certainly implies
under-utitization of resonrees.

There have to be clearly defined long-tern plant improvement
programmes, with specific responsibility for each species assigned to
the oreanization held responsible for the development of that species.
There have been istanees of weearch being carried ow in different
labovatories on the same species tacrely because of personal interests.
This ie oot a hoowy thas 801 Lanke czn afford. The private sector needs
the backing of e siale secior in s long-term rescarch programme for
plant dnprovement,

There must he prompd action in releasing imported plant genotypes
hrough the guurantine proceduse. 1L is absoloiely essential that
HOPOTECTS 1 iwe “the firnes o which they can be expecied 1o recaive
clearance for the materiad they hivve inported. The time frame st be
speciied: ; wisficd vended dme frame.,
s opportanitics will be lost to competitors if
s ans Iong dewn out with vagee tme franes.

g

woamponant factor, 1o addition © what was staled
importers, growers, rescarchiers and even the
¥ inst pnadthorised vse. Thisisa

difficelt problom, st we msut never loose sight of i,
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Constraints Facing the Private Secter in the Procuring of New
Genotypes

3

b)

)

Plani Pathologists constanily over-emphasise the dangers of introducing
new pests and diseases to the point of panic. While everyone will agree
that the necessary rules must be enforced, there cannot be reom for
exceptions. In retrospect it would appear that the damage caused by the
cotfce rust, tea blight, Corynespora ot rubber, Promecothieca on
coconut, rice pests and discases arose through deficiencies in screcning
procedures or in the use of cultivars or strains selected primarily for
yield without adequate attention being paid to other criteria.

Research thtust appears to be unable to cope expeditiously in screening
new genotypes, because the instituiions are not equipped or oriented
towards keeping up with the pace at which the new genotypes are
needed.

Priority accorded for science and technology in Sri Lanka is Jow. It is
said to be the lowest in South Asia (de Sitva and Liyanage, 1987).

Sri Lankan exporters find it difficult to cope with competition form
Australia, Indonesia, Malaysia, the Philippines, Singapore and
Thailand, because those countries use highly sophisticated modem
equipinent in their work and can produce material the consumers
demaad, in a much shorter time than us.

Because of over-burdened icaching componcents, the unjversities can
offer little belp, to carry out researcii, in highly speciatized fiekls, where
the zcademic staff has expestise.

Lack of resources {or research in the private sector impedes progress.
Presently the private sector spends only abaut 7% of the total spent on
agricultural rescarch, This must be increased o about 50%, in view of
the Governments, open economy policy and plans for the expansion of
the privaic sector (Silva and Liyanage, 1987}

7

Finally, it must be remembered that agri-horticulture competes for

private sector resources wilth a wide range of aliernative investments. It is
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Appendix I

Symposium on New Biotechnologies

0845 - 0990 hrs

L}

Session I

0900 - 0930 hrrs.

0930 - 1030 hrs.

1030 - 1045 hrs,

" Session 1T -

1015 - 1115 hrs.

1115 - 1148 hrs,

]

1

1145 - 1215 hrs.

ARTI: 14th June 1991
PROGRAMME

SCOPE

Opening Remarks: Mr. Dixon Nilaweera Secretary,
Ministry of Agricultural Development and Research

Chair: Dr. O.S. Peries, Sri Lanka Standards
Institution '

Professor Ranian Ramasamy Tnstitute of Fundamental
Studies, Kandy, “Biotechnology in the Year 2000”

Professor Eric Karunanayake Medical Faculty,
University of Colombo "CGene Technology for
Development”

APPLICATION

Chair: Dr. R.L. Wickramasinghe Chairman, Sugar
Cane Research Institute

Dr.(Ms) Shiroma Hapdunnetti Medical Faculty,
University of Colombo "Research Towards Malaria
Vaccine”

Ds. P. Ganashan Department of Agriculture,
Peradeniys, "Genetic Improvement Through Induced
Mutations” .
Dr. P. Awmlpragasam Tea Research Institute,
Talawakele “Tissue Culture of Tea”
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1215 - 1245 hrs.

1245 - 1345 brs.

Session Rl

1345 - 1415 hrs,

1415 - 1445 hs.

1445 - 15300 s,

&

Professor Upali Samarajeewa Agrculture Faculty,v
University of Peradeniya "Screening of Yeast for -

Continuous Alccholic Fermentation”
amnaan LUNCH «esevees

Chair: Dr. P. Sivapalan Director, Tea
Research Instituie '

Dr. P.X. Samarajeewa Plant Genetic Resource
Centre, Peradeniya “Biotechnology for Plant Genetic

Conseevation and Breeding”

Mr. 8.B. Rajakarmna Ceylon Tobacco Cmnpaxiy Lu_i

“The Contributions of the Private Sector to the. -
- Development of Biotechnology in Sri Lanka”

--------- COFFEE -reeeones

ALTERNATIVE METHODS - PLANT DISEASE PREVENTION

Session IV

1560 - 1530 hrs.

1530 - 1600 hrs.

1600 - 1615 hrs.

1615 - 1630 hrs.

Chaire Mr. IDG.P. Seneviratne Director,
Agracian Hesearch and Training Instituie

Dr. 8N, de S. Seaegviratne Plant Pathologist,
“mporting Planting Stock: Importance of Plant
Cuaranting” ‘

Dr. R.L. de Silva Formeriy Director General, Sri
Lanka Tea Board "The Needs of the Private Sector for
New Plant Genotypes”

Cieneral Discussion

Summary and Conclusions: Dr. O.5. Peries
Sri Lanka Standards Institution
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