PP am: - e T

B s ﬁ,:,_—ﬁ._.——w_. \:_.\_ A T %

b, S O

XV INTERNATIONAL CONGRESS
OF GENETICS

PLENARY SYMPOSIA
AND
SYMPOSIA SESSIONS

Summaries of Contributions



- v

® XV INTERNATIONAL
® CONGRESS OF GENETICS
e%es
00 O LNE" New Delhi
e GRELS  December 12-21, 1983

PLENARY SYMPOSIA AND
SYMPOSIA SESSIONS

SUMMARIES OF CQNIRIBUTIONS

@

OXFORD & IBH PUBLISHING CO.
New Delhi Bombay Calcutta



EDITORIAL BOARD

Editor-in-Chief M.S. Swaminathan
Editors V.L. Chopra

B.C. Joshi

R.P. Sharma

H.C. Bansal

© 1983 Indian Society of Genetics and Plant Breeding, New Delhi
Not to be reprinted without authorisation

. The responsibility for the statements made and opinions
expressed rests with the authors

Published by Mohan Primlani, Oxford & IBH Publishing Co.,
66 Janpath, New Delhi 110001 and printed at
Model Press Pvt. Ltd.,, New Dethi 110055



Contents

PLENARY SESSIONS

1. Genetic Engineering ............coiviiininnonnnons 3
1L Biotechnology and Its Varied Applications .......... 5
111 Genetics and Society ...........ccceveiiernnnnnnnns 10

SYMPOSIA SESSIONS

S*-1A DNA Replication and Repair ...................... 17
S-1B Recombinant DNA Technology-—-Eukaryotes ........ 25
S-I1C Biochemical and Molecular Polymorphism .......... 30
S-ID NEUTOBENEICS . oo o vt tieen i ienennneennnnnenenns 36
S-1E Genetics of Insect Vectors of Diseases .............. 43
S-1IA Genetic Recombination ........................... 49
S-11B Gene Sequencing and Gene Synthesis .............. 55
S-1IC(a) Somatic Celi Genetics (Animal System) ............. 57
S-1IC(b) Somatic Cell Genetics (Plant System) .............. 60
S-1ID Clinical Genetics ...............iirnirinnennnns 65
S-UE Genetics of Host-Pathogen Relationship ............ 70
S-IHA  Recombinant DNA Technology--Prokaryotes ....... " 77
S-1iIB Newer Concepts of Structural Organization of

Chromosomes ............cciiiieiiniiinnennnnnns 83
S-11IC Mobile Genetic Elements and Gene Function ........ 89
S-IIID  Developmental Genetics ..................c..c...... 94
S-HIIE Environmental Mutagenesis ........................ 98
S-IVA Genetic Regulatory Mechanisms—Prokaryotes ....... 104

S-1VB Newer Approaches to Animal Genetics and Breeding . 109
S-ivC Newer Approaches to Plant Genetics and Breeding .. 118

S-IVD  Mutagenesis—Cellular Processes ................... 123
S-IVE  Biofermentation .......................cviinn... 132
S-VA Genetic Regulatory Mechanisms—FEukaryotes ........ 137

*Symposia Session.



S-VB Genetics of Nitrogen Fixation--Symbiotic and

Nof-symbiotiC  ........coiiiiiineiinneninninnnnnn. 142
S-vC Mechanism of DNA Transformation ............... 150
S-vD Population Genetics and Evolution ................. 155
S-VE ONCOGEMELICS . ... .\ttt iiinntentenecannnennnn 160
S-VF Genetic Resources--A New Look .................. 163
S-VIA Highly Repeated Sequence DNA in Eukaryote

Genome (Non-coding DNA) ....................... 166
S-ViB Genetics of Photosynthesis ................... Ceeaes 171
S-VIC Extrachromosomal Inheritance ..................... {76
S-VID  Forest Tree Breeding ................ccivvuiunn.. 179
S-VIE Immunogenetics ................. ... ... 0o, 184

Summaries Received Late .......................... 187

Author Index ..............oiiiiriiiiiiinnnnnnnn. 195



Plenary Sessions






Plenary Session 1

Genetic Engineering

GENETIC ENGINEERING IN NEUROPEPTIDE AND
NEURORECEPTOR RESEARCH

Shosaku Numa

Department of Medical Chemistry. Kyoto University, Facuity of Medicine.
Kyoto 606, Japan

A new approach to the understanding of ncural and hormonal peptides as
well as neurotransmitter receptors has recently been provided by the applica-
tion of recombinant DNA techniques. The primary structures of three
opioid peptide precursors, i.e., the corticotropin-B-lipotropin precursor, pre-
proenkephalin A and preproenkephalin B. have been elucidated by deter-
mining the nucleotide sequences of cloned DNAs complementary to their
mRNAs. All of the endogenous opioid peptides thus far identified are
derived from these three precursors. In addition, some novel neural and
hormonal peptides have been discovered from the cDNA sequences. The
three precursors each contain multiple repeated peptide units. thus repres-
enting multi-hormone precursors. The genes encoding the respective precur-
sors have been isolated and characterized. The striking similarities found
among the structural organizations of these multi-hormone precursors as
well as their genes suggest that these genes may be evolutionarily related.
The structures of the corticotropin-releasing tactor precursor and its gene
are also discussed.

The primary structures of all subunits of the fish electric organ acetyl-
choline receptor (with a subunit structure of a:8y8) have been deduced
from the nucleotide sequences of cloned ¢cDDNAs encoding the respective
subunit precursors. The four subunits exhibit marked amino acid sequence
homology and are similar in hydrophilicity profile and predicted secondary
structure, thus being most probably oriented in a pseudosymmetric fashion
across the membrane. The transmembrane topology of the subunit polypep-
tides and the locations of functionally important regions, such as the acetyl-
choline binding site and the transmembrane segments which may be
involved in the ionic channel, have been proposed. The amino acid sequence
homology among the acetylcholine receptor subunits suggests that the genes
encoding them have been generated from a single common ancestor by gene
duplications.
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STUDIES WITH HUMAN ONCOGENES

D.V. Goeddel

Molecular Biology Department, Genentech, Inc.
460 Point San Bruno Boulevard, South San Francisco, CA 94080 USA

INTERFERON GENES

C. Weissmann

Institut fur Molekular biologie I, Universitat Zurich, 8093 Zurich,
Honggerberg, Switzerland

STRUCTURE AND EXPRESSION OF H:; GENES

R. Flavell
Biogen Inc., 14, Cambridge Center, Cambridge, Mass. 02142, USA



Plenary Session [/

Biotechnology and Its Varied Applications

SYNTHETIC VACCINES
Louis Chedid and Francoise Audibert

Immunotherapie Fxpérimentaie, Institut Pasteur,
28, rue du Dr. Roux, 75724 Paris Cedex 1S, France

Advances in fractionation technology have improved the safety and efficacy
of several classical vaccines. Nevertheless, in a number of cases this conven-
tional approach is difficult and even hopeless because: (a) the source of the
natural antigens can be dangerous (hepatitis B HBs antigen) and,/ or impos-
sible to prepare in sufficient amounts (Malaria sporozoite vaccine); (b) cer-
tain natural structures, even when easily available, can cross-react with host
tissues (for instance streptococcal M protein and cardiac antigen). There--
fore, artificial preparations are being intensively studied as substitutes for
native antigenic determinants using modern technologies such as recombi-
nant DNA, monocional antibodies, computer-graphics programme, synthe-
sis of peptides or carbohydrates, induction of anti-anti-idiotypic antibodies.

Highly purified or even synthetic antigens of the future are likely to be
weak protective immunogens and will therefore need external adjuvants. A
new class of agents have been intensively studied in recent years. Indeed,
since 1975, the active subunit of FCA (Freund's compiete adjuvant), Nac-
Mur-L-Ala-D-isoGln called muramyl dipeptide or MDP, and several
hundred analogs have been synthesized. One of these derivatives, murabu-
tide, is presently evaluated in clinical trials. This adjuvant is active even in an
aqueous medium and, contrarily to alum, can he lyophilized, and enhances
slightly the level of specific IgE.

Previous experiments using (poly-Tyr-poly-Glu){poly-D-L-Ala)-poly-
L-Lys, (T, G-A--L) or a synthetic fragment of the coat protein of the
coliphage MS2 have demonstrated that MDP, particularly after coupling,
was a powerful adjuvant for synthetic antigens even after administration in
saline. More recently, antibodies capable of protecting against the toxicity
of the diphtheria toxin have been obtained after injection of a totally syn-
thetic conjugate made of MDP and synthetic diphtheria peptides coupled to
the A--L chain.

The potency of MDP or derivatives has been also studied in totally
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different models: hormonal vaccines prepared in view of immunological
castration of cattle or following the pioneering studies of Talwar of control-
ling fertility. Thus, male mice have been successfully immunized with a
completely synthetic vaccine administered in saline containing [LH-RH
(luteinizing hormone-releasing hormone) directly coupled to MDP-Lys.
Other studies have shown that a synthetic C-terminal fragment characteris-
tic of the B-chain of HCG coupled to a carrier and administered with MDP
can enhance the level of anti-HCG antibodies. Very recently, several promis-
ing results have been obtained with new synthetic bacterial and viral anti-
gens. For example, synthetic vaccines have been shown to protect against a
Streptococcal infection or Escherichia coli heat-stable toxin. However, most
studies deal with viruses. Several sequences of the surface antigen HBs, the
influenza hemagglutinin, or the foot and mouth virus coat protein have been
reproduced and tested for their immunogenicity. Antibodies capable of pro-
tecting against influenza and still more against the foot and mouth disease
were produced as well as antibodies binding the natural HBs. Aminoacid
sequences containing major antigenic determinants of the poliovirus have
also been described very recently as potential synthetic antigens. Finally,
recent reports on the antigenic structure of malaria sporozoites indicate that
the synthetic approachi is considered also in the field of parasitology.

Synthetic vaccines ate no longer considered as an unrealistic venture.
But, two very important issues have still to be confronted: the choice of an
adjuvant and of a suitable carrier or, better still, coupling directly antigens
to adjuvants. It must be noted that such possibilities have already been
proved to be effective in experimental models.

APPLICATION OF PLANT TISSUE CULTURE IN
AGRICULTURE AND FORESTRY

V. Jagannathan
National Chemical Laboratory, Poona 411008, India

Recent advances in plant tissue culture have led to a rapid increase in its
application to agriculture. Micropropagation, mutation, embryo culture,
production of haploids and protoplasts, somatic hybridization and genetic
engineering are the major developments in the past three decades, which
hold promise of exciting new applications of tissue culture.

Methods have been developed for the micropropagation of a wide range
of species so that natural variation can be rapidly utilized for increasing
production or disease resistance. Plantlets of orchids and other ornamen-
tals, oil palm and several fruit and vegetable species are commercially pro-
duced by tissue culture. Pioncering work has been carried out in India on
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the multiplication of major forest species. such as teak, eucalyptus and
bamboo. High biomass yields of fast growing eucalyptus elites hold promise
of a major contribution to the production of energy and chemical feedstocks
and to conservation of forests. Methods have also been developed for
rapidly multiplying plantation crops such as turmeric, ginger, cardamom
and work is in progress on coconut, cashew and rubber. Meristem culture is
also being widely used for producing virus-free potato, banana, cassava and
sugarcane. The increase in yield of mosaic virus-free sugarcane by this
method was about 20 per cent compared to that of the virus-infected plants

The discovery in India that haploids can be produced by anther culture
has led to its extensive use, especially in China, for plant breeding and the
production of improved varieties of cereals.

Mutation breeding by tissue culture offers economy in space, time,
labour and expense and relative ease of selection compared to methods
using seeds or plant segments. Mutation of sugarcane, wheat, turmeric and
other species in tissue culture has yielded superior varieties. This method is
potentially of value with all economic crops.

Embryo culture is of importance for hybridization if the hybrid embryo
is infertile in vivo. Leaf mosaic virus-resistant papaya hybrids were pro-
duced by embryo culture when the hybrid embryo was found to abort on the
plants.

The production of plant protoplasts, their fusion and regeneration to
yield hybrids is one of the most exciting developments in tissue culture.
Though protoplast regeneration has so far been obtained only with rela-
tively few species or only a few varieties of a species, the possibility of
crossing sexually incompatible species and applying recombinant DNA
technology to plants has led to extensive work in this field. /n vitro produc-
tion of hybrids was achieved by intraspecific fusion with tobacco and Peru-
nig and interspecific crosses of potato and tomato. The transfer of specific
genes or groups of genes (such as Nif genes), plant organelles (such as
chloroplasts), DNA fragments or irradiated pollen, as well as protoplast
fusion are of interest for genetic engineering of plants.

Several major difficulties hamper research in tissue culture and its appli-
cation. Most of the work is empirical and methods which are suitable for
one species are often inapplicable to other species or even to other varieties
of a species. Plating efficiency with most species is low or even zero, since
single cells of most plants fail to grow. Regeneration of protoplasts is
difficult with most species. Suitable genetic markers and vectors for DNA
transfer are not available in most cases and selection of the required hybrids
after fusion of somatic cells is difficult. Solutions to these problems will
contribute not only to major applications of tissue culture to agriculture and
forestry, but also to basic studies on chromosome mapping, hormone action
and other aspects of plant biochemistry.



APPLICATION OF GENETICS TO MICROBIAL PRODUCTION

Kiyoshi Nakayama
Kyowa Hakko Kogyo Co., Ltd., Tokyo, Japan

Overproduction of microbial metabolite or enzyme is a necessary factor for
the industrial process using microorganism. The requisites for getting a
microbial metabolite efficiently in a large amount may be arranged accord-
ing to the steps of the flow of a substrate into the metabolite as follows:

(1) Efficient permeation of substrate material into the microbial cell
~~-promotion of the permeation of the substrate.

The transport rate of some substrates to cell has been found to be a
limiting factor. Mutant which has the increased transport rate of a substrate
or precursor into cell can be isolated. Such a mutant can be obtained by two
methods: One is the selection of a rapidly growing or large colony on a-plate
containing the compound as a sole source of carbon; another method is the
isolation of a strain sensitive to a compound which is an analog of the
substrate compound and inhibitory to the growth of the microorganism.

(2) Efficient proceeding of the metabolic reactions concerned---in-
crease in enzyme formation and enzyme activity.

An auxotrophic mutant which cannot produce a regulatory effector or
co-repressor overproduces and excretes the precursor or a related metabo-
lite of the blocked reaction when grown on a limiting supply of the required
nutrient. A mutant that has lost some biosynthetic regulation can be
obtained as an analog-resistant and as a prototrophic revertant from the
auxotroph having a deficiency in a regulatory enzyme. The combination of
auxotrophy and genetic deregulation is apparently generally useful to obtain
an increased yield of a primary metabolite. Multiple markers also contribute
to the yield by stabilizing the productivity against back mutation during
fermentation. In the method used for obtaining a multiple regulatory
mutant by sequentially adding several analog-resistance markers to a single
strain, there is a possibility that cross-resistance or reversion of prior muta-
tions cause the failure to get a multiple mutant which completely lacks
individual regulatory mechanisms. This is avoided by the use of transduc-
tion technique.

Constitutive mutant and mutant resistant to catabolite repression are
useful for the production of catabolic metabolite or enzyme.

Recent development of cell fusion and recombinant DNA technology
has made possible genetic recombination between different species and the
increasing of the biosynthesizing activity of a microorganism by increasing
gene copy number or improving the microorganism in relation to the sub-
strate and environmental conditions, such as temperature.

Immobilization of enzymes or cells increased the stability of the enzymes
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concerned and made possible continuous production using the immobilized
enzyme column (bioreactor).

(3) Blockage of side reaction to prevent the flow of the substrate or
metabolic intermediate into the other pathway. :

(4) Blockage of breakdown or metabolism of a metabolite produced.

(5) Efficient leakage of the metabolite into the environment of the cell.

The importance of excluding the permeability barrier was most clearly
recognized in the case of glutamic acid production. Escape of metabolite
from the cell prevents an effective feedback control of the metabolite within
the cell, and allows continued synthesis of the metabolite.

Some recent examples which satisfy these requisites will be mentioned.

HYBRIDOMAS—A NEW DIMENSION FOR
IMMUNODIAGNOSTICS AND IMMUNOTHERAPY

G.P. Talwar

National Institute of Immunology, All India Institute of Medical Sciences,
P.O. Box 4922, Ansari Nagar, New Dethi 110029, India

The hybridoma technology enables the availability in large amounts of ho-
mogeneous antibodies of consistent characteristics. Clones can be selected
for a high degree of specificity and other desirable traits e.g. affinity, anti-
body subclass, etc. These can provide valuable source material for qualitative
and quantitative immunoassays. Introduction of non-isotopic methods, in
place of radioisotopes, has further brought these assays within reach of
laboratories with modest equipment facilities. The Non-Isotopic Immunoas-
says can also be carried out in field conditions. Some developments in this
context will be reviewed.

Monoclonal antibodies by virtue of the advantages stated above have
also found applications for a variety of therapeutic uses. The anti-zona
pellucida antibodies can be used to block fertilization of the egg by sperm. A
single injection confers protection for several months. The anti-LHRH
monoclonals can be employed for suppression of estrus in domestic pets.
The antibodies given at early stages of pregnancy have also been found
effective in termination of pregnancy in rodents and in primates suggesting
their possible use in the development of a non-surgical method for menstrual
regulation and termination of pregnancy. Monoclonals against cell surface
antigens can help in imaging of metastatis and as vehicles for delivery of
drugs and toxins to cancer cells.
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Genetics and Society

GENETIC ENGINEERING IN THE UNITED STATES

Philip H. Abelson

Editor SCIENCE, 1515 Massachusetts Avenue, N.W.
Washington D.C. 20005, USA

Genetic engineering has become an important reality, and a continuing
stream of results from pure and applied research guarantee an even greater
role in the future. Advances in techniques for recombinant DNA, produc-
tion of monoclcnal antibodies, tissue culture and protoplast fusion are being
energetically expioited. These tools for genetic engineering have been supple-
mented by excellent means of determining the location of genes and amino
acid sequences of proteins. In addition, it is feasible to construct entirely new
genes and to modify the known ones. Thus far, the principal practical results
have been obtained with genetic manipulation of microorganisms, notably
Escherichia coli. However, the genomes of other prokaryotes and many
eukaryotes are now being altered using an increasing array of new vectors
and techniqpes. .

Human and other animal genes have been incorporated into plasmids of
E. coli and expression of these genes has resulted in the production of human
insulin and many other pharmaceutical products that are now undergoing
clinical tests.

Recently, a number of laboratories have been changing the sequences of
nucleotides in known genes and have obtained corresponding new proteins.
In this way. one laboratory produced a human type interferon having
enhanced effectiveness against viruses. Other laboratories are seeking to use
genetic engineering to obtain enzymes suitable as catalysts in industrial pro-
cesses. These applications require that artificial genes be produced that can
code for unusually rugged proteins capable of withstanding harsh conditions
of temperature and pH.

Incorporation of foreign genes into E. coli is only one of many ways in
which genomes are being altered. For the purpose of production of pharma-
ceuticals and other substances, yeasts, molds and bacteria are being studied.
For example, renin is being produced by expression of the renin gene by
yeast.



Animal tissue cells in culture are being transformed by viruses. For this
purpose, both simian virus-40 and papilloma viruses have been employed.
When cultured mouse or human cells are treated with SU-40, DNA from the
virus is incorporated in their chromosomes.

The most spectacular results have been obtained by using newly fertilized
mouse eggs. When foreign genes are injected into the male nucleus, they are
often incorporated into the mouse chromosomes. The new genes are
expressed in the mouse throughout its lifespan and are inheritable.

Thousands of different, highly specific monoclonal antibodies have been
produced. These are now being employed as pharmaceuticals, diagnostic
aids and as useful tools in fundamental biological research.

To date genetic engineering of plants has not produced many practical
applications. However, simple tissue culture of plants has led to new species
-with greatly altered chromosome numbers and to mutants with enhanced
resistance to herbicides. The methods of tissue culture lend themselves to
speedy identification of new varieties. As yet there have been limited exam-
ples of incorporation of foreign genes into plant genomes. The agent com-
monly employed is a plasmid from an Agrobacterium. However, a number
of skilled researchers are seeking additional vectors to carry genetic material
and some are likely to succeed. Ultimately, the successful classical methods
of plant breeding will be combined with products of plant genetic engineer-
ing to create new and superior plants.

THE GENETICS REVOLUTION

David Baltimore

Whitehead Institute. E17-517, Massachusetts Institute of Technology,
Cambridge, MA 02139 USA

Genetics, like mathematics, has historically had an ethereal quality because
the object of its concern, the gene, was an abstract concept. With the discov-
ery of the structure of DNA, that abstraction took on some reality, but it
was not until we could physically isolate and study in detail the nature of
genes that genetics provided materials for practical manipulation. We are
now entering an era in which genetics will revolutionize biotechnology,
medical practice, and our concept of biological individuality. Furthermore,
molecular genetics is providing us with a detailed understanding of gene
control and is sure to provide the basis for an understanding of development.
The remarkable abilities provided by genetics and the information that will
flow from genetics present scientists and those interested in public policy
with the duty to see that societies derive the maximal benefit and the least
disruption from these powerful advances.
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GENETICS AS A UNIFYING FORCE IN SCIENCE
AND SOCIETY

C.C. Tan

Institute of Genetics, Fudan University, Shanghai,
People’s Republic of China

Human genetics—like all other sciences—does not develop in a sociologic
vacuum. It is the work of social groups of human beings who are influenced
by the society at large. To a biologist, one reason for excitement is the
discovery that much of the conceptual framework for biological evolution
could also be usefully applied in the context of social change. Thus, the first
part of my paper summarizes how adaptation could evolve under natural
selection before specific knowledge of biological transmission was available.
As early as 10,000 to 15,000 years ago in the Stone Age, man began, first -
unconsciously and then consciously, to domesticate certain plants and ani-
mals and selectively breed them to fit them to their own need. All this early
breeding work was in fact highly successful and it formed one of the bases
for the development of civilization. Also it is interesting to note that in
ancient times many cereals such as wheat, barley and oats were first culti-
vated and animals such as cattle, sheep, goats and pigs were first domesti-
cated in some nuclear areas including China and India. It was only later that
the change to an economy of food production spread in all directions thus
reaching Europe and Africa.

With the rediscovery of Mendelism in 1900, there was an almost imme-
diate application of Mendelian principles to plants and animals. As a result
genetics gave a strong impetus to the development of modern society. Dur-
ing the last 30 years there has been a dramatic increase in food production or
the “Green Revolution” as called by the plant geneticists. This achievement
is not the result of increasing the acreage planted, but of using new varieties
of plants and developing hybridizing techniques. So the second part of my
paper deals with the impact of modern genetics on agriculture, medicine and
society with emphasis on two achievements—molecular biology and chrom-
osome research—which have not only altered human genetics as a pure
science but also brought marked progress in its application for human
welfare,

The third part of my paper points to the importance of the crucial role
played by genetic knowledge in the handling and management of four big
issues that particularly confront our developing countries. They are energy
requirement, population pressure, food supply and environmental pollution.
Examples of using genetic approaches in solving these problems in China are
given in detail with special emphasis on the successful control of Chinese
population through systematic education, planned parenthood, genetic
counselling and prenatal diagnosis etc.



