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Many centuries ago man gave wup his hunting
and nomadic habits and settled down to grow
plants and rear animals. He selected the
seeds of the plants, and mated the animals,
showing characters in them which he 1liked,
to breed the next generation. In this way
primitive man began very slowly to improve
his crops and livestock in quality and in
quantity so as to produce more food and
clothing for himself. With the more settled
way of life he could now enjoy, he was able
also to leisurely think about *his diseases
and also perhaps to relate some of them to
his own heredity.

This trend of affairs continued wuntil long
after modern civilizetior as we know it had
begun. Although man <2ould manipulate his
. plants and animals to obtain improved
varieties he still did not know how this
was brought about. The basic wmechanisms of
inheritance were still chrouded in mystery,
myth and superstition. It was generally
believed, even as late as the last century,
that the characters of the mother and the
father were mixed in equal proportions in
the children, although everyday 1life would
have surely demonstrated that this was not
so. Any concepts of inheritance which they
had, too were based purely on empirical
observations and intuitive reasoning.-

Then in 1866, a Roman Catholic monk in
Austria, Gregor lerdel, published a paper,
in German, 1in an obscure natural history
Jjournal of rhat country. This was to change
the entire outlock of man. Using very
simple but lagant and rigorously
scientific methods. and mathematically

analysing his results, which was wunusual
for a biologist at that time, he announced
to the world the, hitherto, secret laws of
inheritance! He was ahead of his times,
however, as most trail-bhlazers are. No one
at that tiwe uncerstood what he said; for
34 long years this treasure lay buried in
the shiftiess sands of ignoraace.

After his death, three European botanists,
de Vries,, Correns and Tschermak,
independently carrying out experiments
similar to those of Mendel stumbled upon
the same truths about inheritance, and they
introduced Mendel in 1900 to the scientific
world and explained the significance of his
work. The Science of Genetics is therefore,
actually a product of this century.

According to Mendel, characters are
produced in animals and plants by the
action in them of unseen factors or
particles which are the ones that are
transmitted from generation to generation
ia the reproductive cells. He further
showed that to explain his ' experimental
findings , these factors, which we now call
genes. must act in pairs to produce each
character in the plant or animal but that
they separate into the 1individual factors
in the germ cells. In the paired condition,
one factor could suppress the effects of
the other, or 1n other words, one factor
could be dominant and the other recessive.
This concept of the particulate nature of a
hereditary material and their dominance and
recessivicy pioved to be the essence - of the
new sclence of genetics. He further showed
that such pairs of factors for different



chgracters could combine at random in
t

different ways in each generation.
) g

With this methodological and conceptual
breakthrough in rhe understanding of the
processes of Inheritance, new vistas V3l

genetical knowledge opened up. Very soon it
vas shown by other geneticists that genes
are linked to one avnother In groups, Like
strings of beads, and that ©beads from cone
string could exchange places with Tbeads of
its complementary string; that genes are
actually carried on palred structures
called chromoesomes inside the nuclei of
cells and seen only through a microscope,
that the genes are made of a
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substance called deoxyribonucleic acid, or
more popularly as DNA; that DNA has a
definite structure which beautifully

accounts fer all the known properties of a
hereditary materlal; that this DNA stores
all the information 1in code for producing
proteins that go to form the organism, and
that although DNA is very stable under
normal conditions preducing exact copies of
‘itself, sometimes spontanecusly, or under
the effect of «cevrtain irradiations and
chemicals, the codes get altered producing
changes 1in the genes, these are termed
nmutations.

With the expaunding mass of basic knowledge,

genetics soon became a lourishing
technology. This technology of lheritanﬂb
has produced ramatic important and

practical results for &k fzrmer and the

animal breeder.

The application of the mnew technology to
plants has produced by far the greatest
economic benefits to man.

The cultivated plants which are of

paramount impeortance to man as they serve
as the basic source of energy-giving food
for him and his livestock are the cereals

rice, wheat and wmaize. 3Selective breeding
programmes on these plants to improve their
yields, their protein content and to make
them resistant to pests and disecases form
the single largest vresearch endeavour of
geneticists in the whole world.

Selective breeding is where individuals

showing the desired characters are selected
to breed the next generation. his 1is very
gimilar to what ancient man practised, bur
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with a difference. 1t is more
sophisticated, more efficient, and produces
the desired results in a very short time.
“hey are no longer trial and error methods.
Certain characters have a high genetic

'ponent and only these characters can be
mam*pu lated by selective breeding. Other
haracters have very little genetic
variability but can be influenced by
envircumental factors., Such characters
usually cannot be improved by selective
reding methods but depend on cultural
practices, namely the way thney are grown,

to show improvements. To distinguish
between these two types of characters
requires a great deal of careful

experimentation.

Tn mutation, breeding sgzeds are treated
with substances which Induce c¢hanges in
genes, and the new mutant genes are then
subjected to selecvion. This 1is a very
wastefu? procesz as very of:ien the changes
produced in the seeds are harmful and way
even kil thiem or produce unwanted

characters 1n the plants that grow from
such treated seeds. Few useful changes are
effected by this wethod, ©but where large
numbers of sczeds or individuals are
available for treatment as with cereals or
nicro-organisms, this technique does give
quick and economlcal results. In the yeasts
and other fungl this method has heen
exploited to increase the yields and
improve the quality of thelr products such
as alcohol and antibiotics.

The third method of breeding -
hybridizaticn — makes use of the fact that
when different strains of plants of the
same specles, such as maize, are crossed,
the resultant seeds give rise to plants
which are very wvigorous in  growth and
extremely hardy towards pests: and diseases.
This phenomenopn. called hybrid vigour or
heteroels, nas produced such bumper
harvests, especially of maize in the United
States, that the profits from the increased
yields are said to have paid for ali
research activities in genetics wup te the
present time,

Using similar methods of breeding other
plants such as vegetables, pulses, tea,
rubber, - coconut, cotton, tobacco,
ornamental flowers and even forest trees
have been improved to give higher yilelds of
their products which are of Dbetter quality.



In certain plants like tea, for instance,
once good strains have been bred they are
propagats vegetatively as c¢licnes., Clones
are genetically wunifera culzs that are
easy tn cultivate on a large commercial
scale.

With the help of the wnew technolegy of
applied ics improvements in the
quality of animals, and the
contraol elimination of pests ar:d

disenges have been achigved

The greatest amount of rasearch on
goes into improving the nroduc :
in terias of meat, eggs and ailk by means of
selective breeding. Breediung of horses,
sheep, fish, dogs, cats, pigeons and
various other pets to obtain useful and
fenciful  strains are carried out in  the
same way. Mutation breeding methods are
used in the case of silkworms, bees and
other useful insects where large numbers of
eggs are ecasily obhtainable and the
generation time is short.

In the breeding programmes of large animals
special use is made of two techniques. One.
is the progeny testing of individual
animals. In these :tests, the genetic
constitution of individual animals which
are mainly males, are assessed by mating
them to a number of diffarent females and
examining their progeny. Once a good male
is detected having the genes for desirable
characters then it 1s used as a stud for
obtaining large numbers of progeny with
those desirable characrers Ffor commercial

purposes. A further A{improvemen: is in the
use of the second of the techniques

¥
namely, artificial ingseminatinn o+ AT. The
sperms of the seclected male 1s oxiracted
and frozen and stored. Whenever the need
arises they are thawed and  used to
inseminate a large number of females. TIn
fact, the sperms of donor animals can be
used in this fashion long after the animals
are dead and gone. In advanced countries
sperm banks, 1ia fact, are maintained to
cater to the needs of animal breeders. This
has recently been extended to the sperms of
humans as well.

With the use of AL, a further refinement in
animal breeding has beern introduced.
Normally equal numbers of males and females

are born to animals. But in certain

instances as in daixry farming it is
cdvantageous to have wosre female offspring
than male Thi= 1= achieved with a

tces by making use
our knowledge of how sex 1is detemined.
c her mammals including

<
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in caittle, as in ot

haman beings, as ~lso in  insects, sex is
detarmined at tevtiiization by a
chromngomal mechanisn. To the nuclei of all
cells there aye nalrs of identical
chromoscmas, but “n male cells the two
members of cone paivr is pot idertical in

size and appearance. These are called the
sex chromoscmes ani are Jesignated X and Y,
of which the ¥ is the lsrgar one. In the
female cells there are two X chromosomes.
When these chromosomes separate into the
germ cells, each ovum or egg cell in the
female would have an X chromosome and all
the egg cells would be ddentical. But the
sperm in the moaic are of two types, the X
chromosome bearing sperm and the Y

b
chromosome bearing sperm. Because the X
chromosome is larger than the Y, the X
sperm 1s heavier than the ¥ sperm.
Centrifuging the seminal fluid separates to
a certain extent the two types of sperm.
Now when the fraction of fluid containing
more of the heavier X sperm and less oi the
lighter ¥ sperm 1is used to inseminate a
cow, the chance of getting a female calf 1is
considerably increased. If males are
required, as in the meat industry, then the
lighter fraction of the fluid could Lo used
to get more males. Electropho:esis as well
as pH can also be used to separate
quantitatively these X and Y sparas,
Ta the case of poultrv, as In sll birds,
fish and moths, the mechaniso of sex
determination is just the opposite, two X
chromosomes producing a male and an £ and Y
a female (actually calied Z and W
chromosomes). In poultry the sex of chicks
is not distinguishable even two weeks after
hatching and commercially it 1s definitely
economical to know the sex of the chicks at
ieast  as they hatch out, The use of
sul table genetic markers to give
erently coloured maies ani females have
tried and praved successful in
differentiating sex, but the majority of
porltry farmers have not taken to the idea.

With zregard to pest control, various
genetic methods are wused, particuiarly for
wolling insect pests. The most




successful and popular  method is  the
sterile ale technique. Trradiations or
chemical mnutagens are used o induce
sterility in the male insect pests. This
sterility is caused by the damage of the
chromosomes in  thelr sperm due to the
treatment, without in any way ffecting the
viability of the sperm itself. When eggs of
normal females are fertilized by these
sperm  they faii to hatch. In this way
repeated releases of sterile males into
pest infested regions will completely
eliminate them {ron those areas. The
success of this methoa was dramatically
demonstrated in the USA when the . screw-worm
fly whose grubs eat dinto the flesh of
cattle, was completely eliminated from the
infested aveas of that countyy.

Treatment cf insects with mutagens can a.so
induce, what are called trarnslocaticns.
These are exchanges of parts of dissimilar
chromosomes and they produce semi-sterility
in the individuals which have them. That
is, half their germ «cells are sterile. 1In
this way the population of pests could be
reduced. The important advantage in this
method 1s that the translocation 1is carried
into the next generation in *ncreased
numbers and help to depress the pepulation
size sti1ll further. There are many other
genetic mechanisms which can be exploited
for the control of pests. OCut of all the
methods of pest contrcl the genetic methods
are the safest to wuse, but they are very
sophisticated and invoelve a great deal of

affort and woney for their successful
exploitation. Still with the serious threat
of global polliution with chemical
pesticides and the hazards of other

biclogical methods of control, wvery serious
attention should be .pald by entomologists
to these genetic methods of control.

Finally we shall cousider the impertant
part genetical knowledge plays 1n relieving
man from the sufferings caused by disease.

Cancers are due to some cells in the body
becoming wayward and dividing too scon and
too often, and in this uncontrolled fashion
producing malignant growths. Irradlations
and chemical mutagens disrupt the
chromosomes of +these fast dividing cells
and as 1n the sterile male method cause
cell death. In -this way the growth of

7]

cancers is arrested. The origins and the
causes of cancers are not yet fully
understood, although it is known that some
are due to viruses. Active resea:ch in
molecular genetics is being pursued in the
advanced countries to understand this
cancer problem.

There are varlous diseazses of man caused
directly by genes. Some may be relatively

harmiess abnormalities like colour
hlindness and polydactyly, which 1is the
presence of extra digits in hands and feet.
Others are very serious and deadly, 1like
haemophilia, the bieeding disease;
pheaylketonuria, a biochemical disease

where certain substances accumulate in  the
body with lethal effects on the nervous
systems of bahies, muscular dystrophy,
which results in the withering of rmuscles
of the bedy; sickle—cell anaemia, a disease
affecting the rei blood cells and causing
death in inf y, and so on. There are two
ways in wh these diseases could be
prevented. "h easlest way is to avold
marriage of two persons whose familles are
known te have had the same disease. Here we
run inte a practical difficulty. If twe
persons are in love with each octher 1t
would be difficult to prevent rthelir
marrizge even 1f they know that they
harbour dangerous genes in  them. The other
method 1s to recognise the genetie causes
early and to prevent the expression of
those bad genes. For example, Iin the case
of haemophilia, bleeding can be stemmed by
giving the patient a chemical called
antihaemophiliac factor of AHF for short,
which is the substance they are deficient
in. In the case of phenylketonuria which 1is
the inability to break down further the
amino a2cid, phenylalanine, if this
condition is recognised in early infancy,
then the infant can be maintained on
special diets which are deficient 1In that
particular amiuo acid. In this way a
horrible, onvulsive death can be
prevented, and the iIndividual counld grow
inte a normal adult. Not all genetic
diseases can be controlled in this fashion.

P m
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Certain abnormalities arise in iIndividuals

due to chromosomal aberrations. Bigexual
individuals or hermaphrodites, mongol

idiots, are some of these abnormal belngs.
Generally such abnormalities arise when
siightly oclder  women give birth to




children, and the only way to prevent such
irths is for older women not to conceive.

If we now tfurn ©o anot ract  of

enetics of man we
populations beloung to di
that are determined by
the complications which
blood transfusions where
to be matched before use,
systems cause secondary
rhesus system particularly
dangerous of these groups.
negative woman conceives a
baby then the bloocd cells of ‘ 'S
could migrate through the placenta into the
blood system of the mother and the antigens
in these foreign blood would induce the
wother to secrete antibodies. These
antibodies could get back into the foetus
or a subsequent foetus and attack and
destroy its vred blood cells. This causes
the condition known  as erythreblastosis
foetalis giving rise to a stiil-birth.Iif
this condition 1s recognised 1in the first
month of pregnancy then, only a blood
transfusion of the foetus through the
mother's body can save d1t. The action of
the rhesus group on pregnancies is not
quite so0 straightforward in that thelr
action 1s minimised by the other blood
group system, the ABO group. Apart from
these complicatolns, the blood groups genes
have effects on other organs of the body.
For instance 1in the ABO system persons
belonging to certain groups are also known
to Dbe predisposed to certain types of
diseases 1like cancers and peptic ulcers.
The blood group genes can be put to good
use, They can be used to exonerate a man
from the accusation of being the father of
1llegitimate children in a paternity suit.
If the child's blood group. does not tally
with that of the man then he definitely
could not be the child's father.

nese types

In Sri Lapka much work has
& new technology. Iimprove
ce, tea, rubber and coconut
her crops have heen
Ioprovements in quality and
have been achieved in cattle
breeding for improvements in the production
of wmilk and egEE, A great deal
unnecesary human sufferin
been reduced by applicatic
medicine. I hope tnat
would increase considerably
80 that we could make Sri
1f sufficient 1an our
of food. We may rnot be
curselves of hereditary diss
could at least relieve human suf.
large extent through the
genetics in genetic counselling.
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As for the future technology
our present knowledge of basic ge
make it possible to maunipulat
such a way as to alter dindividual
animals, plants and ourgelves, 13
liking. Lasers could perhaps be used o
cauterize harmful genes without disturbing
adjacent ones in their
environment; genes made to order
tubes could, perhaps, be inserted
genomes of dndividual organisms,
could have chemicals on our
would alter specific genes the
to change them. This type
engineering and directed wmuta
many of the great discoveries
is rapidly passing from  the
scilence filection and fantasy
wonderful new techmlque for ¢
®Mar.
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