The science of genetics is the study of
heredity which is the cause of similari-
ties; and variation which is the cause
of differences between individuals.

| ntroduction

he science of heredity or genetics is the study of two

contradictory aspectsof nature: heredity and variation.

The process of transmission of characters from one
generationto next, either by gametes—spermsand ova—in sexual
reproduction or by the asexual reproductive bodies in asexual
reproduction, iscalledinheritanceor her edity. Heredity isthe
causeof similaritiesbetweenindividuals. Thisisthereason that
brothersand sisterswith the same parentsresemble each other
and with their parents. Variation is the cause of differences
betweenindividuals. Thisisthereason that brothersand sisters
who do resemble each other are still uniqueindividuals. Thus,
we have no trouble in recognizing the differences between
sisters, for example, andeven‘identical’ twinsarerecognized as
distinctive individuals by their parents and close friends. The
science of genetics attempts to explain the mechanism and the
basisfor both similaritiesand differences between related indi-
viduals. It a sotriesto explain the phenomenon of evolutionand
cytodifferentiation.

The heredity and variations play an important rolein the
formation of new species (speciation). The biological science
which deals with the mechanism of heredity and causes of
variationsinlivingbeings(viruses, bacteria, plantsand animals)
isknown as genetics. Theword geneticswas derived from the
Greek root genwhichmeanstobecomeor togrow intoanditwas
coined by Bateson in 1906 for the study of physiology of
heredity and variations.
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HISTORICAL

The history of most scientific disciplines including genetics are generally characterized by
relatively long periods of stagnation punctuated by bursts of rapid progess. Most of these flurries of
research areinitiated by new technical developments. The science of geneticsisavery young science
in comparison to other biological sciencesand itsorigin can be traced in theworks of Mendel in the
nineteenth century. But before Mendel's work men throughout the ages had some vague knowledge
about genetics and more often have tried to explain the causes of heredity. About six thousand years
ago men kept records of pedigrees of domesti c animal ssuch ashorseandfood plantsasrice. Theideas
or theorieswhich havebeenforwarded fromtimeto timeto expl ainthe phenomenon of inheritancecan
be categorized under the following headings: 1. VVapour and fluid theories; 2. Preformation theories;
3. Particulatetheories.

1. Vapour and Fluid Theories

Early Greek philosopherssuchasPythagor as(500B.C.) proposedthat every organ of animal body
gives out some type of vapours. These vapours unite and form a new individual .

Hippocr ates(400B.C.) believed that thereproductivematerial ishanded over fromall partsof the
body of an individual, so that the characters are directly handed over to the progeny.

Further, Aristotle (350.B.C.) thought that the semen of man hassome“vitalizing” effect and he
considered it asthe highly purified blood. According to him the mother furnishesinert matter and the
father givesthe motion to the new life.

2. Preformation Theories

L eonardodaVinci (1452—-1519) proposed atheory that the
mal eand thefemal e parentscontributeequal ly totheheredity of the
offspring. W. Har vey (1578-1657) specul ated that all animalsarise
from eggs and that semen only playsvitalizing role. R. de Gr aaf
(1641-1673) observed that the progeny would havecharacteristics
of father aswell as of mother and, therefore, he proposed that both
the parents should contribute to the heredity of progeny.

Malpighi (1673), the pioneer of preformationist school, con-
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cluded that development of any organism consisted simply of - head
growth of preformed part. A.V. Leeuwenhoek in 1677 observed o

spermsof severa animals(man, dog, rabbit and other mammals, frog, 4

fish and insects) and al so suggested their association with eggs. In 1

1679,J. Swammer dam studied devel opment of insectsandfrogand
suggested that devel opment of an organismisasimpleenlargement
of aminutebut preformedindividual. Thefigureof homunculus(Fig.
1.1) or manikin, theminiaturemaninthespermhead, waspublished
in 1695 by Hartsoeker. Suchtypeof theorieswhich advanced the
concept of the presence of preformed embryo in the sex cellsare
known as preformation theories. Preformationists have, often,
beendividedintotwo schools: 1. Ovistswho attached moreimpor-
tance to ova; they thought that “homunculus’ was present in the
ovum. 2. Animalculistsor sper matistswho attached moreimpor-
tanceto sperm; they thought that aminiaturebut completeorganism
was present in the sperm.

N. Grew in 1682 reported for thefirst timethereproductive
partsof plants. R. Camer ariusin 1694 described sexual reproduc-
tioninplantsfor thefirsttime. Heisalsoknowntobefirstto produce
a hybrid between two different plant species. In 1717, Fair child

tail

Fig. 1.1. Diagram of homunculus.
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produced ahybrid having characteristics of both parents. Thishybrid was called “Fair child’s Sweet
William” or as“Fairchild’smule.” This provides ameans of artificial hybridization in plants. J.G.
Kolreuter (1733-1806) obtainedfertilehybridsfromartificial crossesbetweentwo speci esof tobacco
plants.

K.F.Wolff (1738-1794) finally refuted the preformati on theory by proposing that neither egg nor
sperm had astructurelikehomuncul usbut that the gametescontai ned undifferentiated living substance
capableof formingtheorganized body after fertilization. Suchanideaformedthevery coreof thetheory
of epigenesis. Thistheory suggested that many new organs and tissues which were originally absent,
develop subsequently. However, Wolff believed that thesetissues and organs devel oped de novo due
to mysterious vital forces.

3. Particulate Theories

French biologist M aupertuis(1689-1759) has proposed that the body of each parent givesrise
minute particles. In sexual reproduction, the particles of both individual sunitetogether to form anew
individual. He thought that in certain cases the particles of the male parent might dominate on those
of thefemal eparent and producethemal eindividual . Inthe production of femal eindividual theparticles
of female might dominate on particlesof male. Thus, mauper tuisproposed the concept of bipar ental
inheritance by elementary particles. He studied the family pedigree of polydactyly and albinismin
human beings.

Thegreat biologist L amar ck (1744-1829) in 1809 proposed the phenomenon of “inheritance of
acquired characters’ amongliving organisms. But hefailedto provideconvincing evidencesin support
of his concepts.

In 1868 thewell known naturalist Charles Darwin hasgiven hisfamoustheory of pangenesis
which exclusively depends on the particul ate theory. The central idea of pangenesis theory has been
givenfirstof all by Hippocr ates. According to the pangenesi stheory of Darwin each part of theanimal
body producesmany minuteparticlesknownasgemmules. Thesegemmulesareat first collectedinthe
blood and later on are concentrated in the reproductive or gans. When the animal reproducesinto new
individual, thesegemmul espassontoit andit hasblending of both parents. By thismechanismacquired
characters would also be inherited because as the parts of the body changed so did the pangenes or
gemmules they produced.

Thetheory of pangenesiswasdisapproved by Galton (1823-1911) and\Weismann (1835-1934).
Weismann in 1892 postulated thetheory of ger mplasm to explain heredity. According to thistheory
the body of organisms contain two types of cells namely somatic cells and reproductive cells. The
somatic cellsformthebody anditsvariousorgan systems, whilethereproductive cellsform spermand
ova. The somatic cells contain the somatoplasm and germinal or reproductive cells contain the
germplasm. According to Weismann the germplasm can form somatoplasm but somatopl asm cannot
form germplasm. Thus, the changesin the structure of somatic cellsor somatoplasm which are caused
by the environment (acquired characters) cannot influence the reproductive cells or germplasm. By

cutting the tails of mice for many generations, Weismann always got
tailedmice. So, by suchexperimental evidencesherejectedthelamarck-
ism and pangenesis theory.

Though the particul ate theory faced many problemsinitsbegin-
ning but its basic concept has formed the central core of the modern
understanding of the genetics.

AugustinianMonk Gregor M endel wasthefirstinvestigator who
lai d the foundation of our modern concept of the particul ate theory. He
could understand theheredity problemsmoreclearly thanany oneinthe
past, because his approach was simple, logical and scientific. By his
famous experiments on pea plant he concluded that the inheritanceis

governed by certain factorswhich occur inthe cells of each parent. He | Gregor Mendel (1822-1884).
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thought that each parent hastwo such factors, whiletheir sex cells (sperm or pollen and ovum or egg)
have only onefactor. However, hefailed to explain the exact process by which these factors pass on
thesex cells. knight (1799) and G oss(1824) conducted hybridi zati on experimentson ediblepea(Pisum
sativum), but they failed to formulate any law of inheritance likethe Mendel .

During 19th century and dawn of 20th century, thescienceof geneticshavereceived solid support
fromlandmarkinvestigationsinthefiel d of cytology, embryol ogy, biochemistry andgenetics. \Von Baer
(1828) madediscovery of themammalianegg. Pringsheim (1855) first saw nuclear fusioningreen algae
(Vaucheria). Heredity transmissi onthroughthespermand egg becameknown by 1860. Er nst Haeckel,
noting that sperm consisted largely of nuclear material, postulated that the nucleusis responsible for
heredity. Oscar Hertwig(1875) observed theentranceof thespermintotheseaurchin. Hefound nucleus
toplay animportant roleinhereditary mechanism. In 1884, Her twigidentified thehereditary substance
with the chromatin of nucleus. Strasburger in 1875 discovered the chromosomes and he along with
Kolliker and W eismann formulatedthenuclear theory of her edity. Flemming (1882) investigated the
process of mitosis.

Three plant breeders, namely Hugo de vries (Holland), Karl Correns (Germany) and Erich
Tscher mak (Austria), rediscovered theMendel'slawsin 1900. Each of themreached similar conclusions
beforethey knew of Mendel'swork. Bateson (1902) publishedabook “ ThePrinciplesof Heredity.” From
1902t0 1909 heintroduced thetermsallelomor phs, homozygote, heter ozygote, F1, F2 and epistatic
gene. Bateson wasthe first to have Mendel's paper trandlated into English and the first to show that
Mendel’ stheory also applied to animals. He coined the term geneticsin 1905. In 1906, Bateson and
Punnett reportedfirst case of linkagein sweet pea, however, they failed to explainthe phenomenon of
linkage correctly. R.C. Punnett devised the Punnett’s squar e for making gametic combinations
theoretically. American cytologist, Walter S. Sutton in 1902 proposed the chromosome theory of
heredity in his classic paper “ The Chromosomesin Heredity,” in which he postul ated that the newly
rediscovered Mendel’s hereditary factors were physically located on chromosomes. This theory
provided a mechanism of transmission to explain the behaviour of Mendel’s factors and brought
together two independent desciplines—the genetics and the cytology. Thus, the year 1903 isthe year
of birth of cytogenetics.

Archibald E. Garrod (1902) deci pheredtheinheritancepattern and metabolic natureof thehuman
diseasealkaptonuria(inwhichurineof patient turnsdark toblack
uponexposuretoair).1n 1908, Garr od presentedinalecturenearly
all thefactsthat we know today concerning this disease. He also
postul ated various enzymesinvolved in this metabolic error, but
he could not identify them. In 1909 Johannsen formulated the
genotype-phenotypeconcept todistinguish hereditary variations
fromenvironmental variations. Accordingtohim, thegenotypeof
an individual represents the sum total of heredity, while pheno-
type of an individual represents the observable structural and
functional properties which are produced by the interaction be-
tween genotypeand environment. (In 1877, Johannsen coinedthe
term gene). The hypothesis that “ genes can change (mutate) to
give rise to new genes (mutant genes)” was seriously tested,
beginningin 1908 by Americanbiologist ThomasH. M or ganand SiAEsGamodsfathenot
his young collaborators (Ph.D. students), such as, Calvin B. biochemical genetics.
Bridges, Hermann J. Muller and Alfred H. Sturtevant. They
worked onthefruit fly, Drosophila melanogaster. (W .E. Castle suggested thefruit fly to Morgan). In
1910, first white eye mutant was detected in Drosophila by thisteam of workersand it isfirst reported
case of sex linkage.

T.H.Morgan (1866-1945) proposedin 1911 thetheory of linkage. Heturned the chromosome
theory of inheritanceinto the concept of genesbeing located inalinear array on each chromosome. In
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1926, his book ‘ The Theory of the Gene' was published and he got
Nobel prize in 1934. Cytological basis of crossing over was first
described by the Belgian cytologist F.A. Janssens in 1911. H.J.
Muller and L.J. Stadler independently discovered that X-raysin-
ducemutations.H.J. M uller got Nobel Prizein1946for thediscovery
of the induction of mutation in Drosophila by X-rays. In 1916,
Bridges made discovery of the phenomenon of non-disjunction in
Drosophila.In1921, heproposedthegenicbalancemechanismof sex
determination in Drosophila.

B.O.Dodgeinthelate 1920’ sand early 1930’ sfirst determined
the geneticsof Neurospora. T.M . Jenkins (1924) reported a case of
cytoplasmicinheritance, caled | ojap striping inmaize. Barbara
McClintock andHarriet Creighton workingat Cornell University,
USA, withthecornplant, Zeamays, devised an el egant demonstration
of chromosomebreakageandrejoiningduringcrossingover. In1937,

Richar d Goldschmidt stimulated expl oratory questionsonthechemical natureof gene(of Drosophila).
In the 1940’ s, two significant discoveries were made concerning the chemical nature of the gene: 1.
Oswald Avery, C.M.MacL eod and M . M cCar thy (1944) wereableto establish by experimentswith

pneumonia-causing (virulent) bacteriathat geneswere composed of
aspecifictypeof nucleicacid, calleddeoxyribonucleicacid (DNA),
and not proteins. 2. While studying the biochemical basisfor theeye
colour in Drosophila, GeorgeBeadleand E.L . Tatum wereableto
show that the lack of brown colour in various mutants was due to a
defect in one step in the biosynthesis of the brown pigment. They
proposedtheone-geneone-enzymehypothesi swhich suggested that
theaction of each geneisthrough the synthesisof aprotein (enzyme)
whichinturn catalyzesasingle chemical reaction. They proved this
hypothesis through the use of multitude of mutants in the fungus,
Neurospora (in 1941). In most cases, each mutation was due to a
changeinasinglegene. Thus, they initiated thebranch of biochemical
genetics. The term molecular biology was first used in 1945 by
William Astbury, who wasreferringtothestudy of thechemical and
physical structureof biological macromolecules.. Joshual aderberg

Oswald Avery 1877-1955.

Max Delbruck 1906-1981.

(1946) first demonstrated the phenomenon of recombination in the
bacteriaE.coli. Beadle, Tatum and L ader ber ggot Nobleprizein1958.
Recombinationinphagewasfirst demonstratedin 1948 by M ax Del br uck
andM ary Delbruck. Thechemistry of DNA and RNA hasbeenworked
out by A. Kornbergand S. Ochoa ; both got Noble Prizein 1959.
Prior to discovery of the chemical structure of the genetic
material, the*gene’ wasan abstract, indivisible unit of heredity (com-
parableto old concept of theindivisible atom). Thisperiodin history
is referred to as classical or formal genetics. The word “formal”
pertainsto the extrinsic aspect of something as distinguished fromits
substance or material. The era of molecular genetics followed the
discovery of DNA structure (i.e.,1953) when the fundamental unit of
heredity was determined to be DNA nucleotide and the ‘gene’ was
foundto consist of anaggregateof nucleotides. In1953, oneof themost

significant twentieth-century discoveriesin biology was made by Jameswatson and FrancisCrick.
Their paper published in the British Journal Natureinwhich they proposed the molecular structure of
DNA, i.e., themolecular composition of thegene. Watson, Crick and Wilkinsgot Nobel Prizein 1962
for the discovery of double helix model of DNA which opened the new vistasin the genetical world.
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Seymour Benzer performedextensive
investigations on the genetics of T,
bacteriophage of E. coli and in 1955,
wasableto definethegeneintermsof
function(cistron), recombination(r e-
con) andmutation(muton) andtoplace
anaccuratemolecul ar sizeestimateon
the conceptua gene components. In
simpleterms, Benzer demonstratedthat
the linear array of genes on chromo-
somes as shown by Morgan, was ex-
tended down to the molecule of DNA Francis Crick and James Watson.
making up the chromosome. In 1961,
Francois Jacob and Jacques M onod provided genetic evidence for amethod of generegulationin
bacteria, now calledtheoper on. I1n 1965, Jacob, M onod and L woff wereawarded Nobel Prizefor their
contributiontomicrobial genetics. GaulianandK or nber gisolated, purifiedandutilized DNA polymer ase
of E. coli. R.W. Holley got Nobd Prize (1968) for thediscovery of base sequenceof tRNA. Holley died
in1993. During 1961-1968, thegeneticcodeof DNA wassolvedby M .\W.Nirenber g,J.H.Matthael, p.L eder,
and H.G.Khorana. They synthesizedsmall RNA molecules(mRNASs) of known compositionandobserved
whichaminoacidwasincorporatedintoproteininacell-freeproteinsynthesizingsystem. In1968Nir enber g
and K hor ana discovered the complicated DNA code known as genetic code. Both scientistsal ong with
Holly receivedtheNobel Prizein 1968.

N.L.Dhawan and R.L . Paliwal (1964) studied the cytoplasmic inheritancein maize. Theterm
transposons(i.e., jumping genes) isusedin 1974 by R.W. Hedgesand A..E. Jacob of Hammersmith
Hospital in London, for aDNA segment or genetic element which could move from one moleculeto
another and carried resistance for antibiotic ampicillin in the bacterial cells. These transposons,
however, wereoriginally discoveredin maize plant by Bar bar aM cClintock by thenamecontrolling
elementsin 1956. During the late 1970’ s, the science of genetics entered anew eradominated by the
useof recombinant DNA technology or geneticengineeringto producenovel lifeformsnot foundin
nature. Through thistechnology, it has been possible to transfer genes from mammalsinto bacteria,
causing themicrobesto becometiny factoriesfor making (inrel atively largequantities) proteinsof great
economic significance such as hor mones (insulin, growth hormones) and inter feron (lymphocyte
proteinsthat prevent replication of awidevariety of viruses). Theseproteinsareproducedinsuch small
guantities in humans that the cost of their extraction and purification from tissues has been very
expensive, thus, restricting their medical useinprophylaxis(prevention) andther apeutics(treatment)
of disease. By genetic engineering, it hasbecome possibleto produce variousblood clotting factors,
complement proteins(part of theimmunesystem) and other substancefor theimprovement of genetic

o . deficiency diseases (euphenics) other current fields of genetic re-
I search are oncogenes (cancer), antibody diversity (immunogenet-
ics), homeotic mutation and behaviour.

SCOPE OF GENETICS

Geneticists study all aspects of genes. The study of the mode
of genetransmission from generationto generationisbroadly called
transmission genetics; the study of structure and function of the
gene forms the molecular biology, and the study of behaviour of
genesinpopulationsiscalled population genetics. Thesethreemajor
subdivisions of genetics are arbitrary and there is considerable
overlapping. It isthe knowledge of how genes act and how they are
transmitted down through the generations that has unified biology;
previously, specific set of biological phenomena had each been

Joshua Lederberg
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assigned to separate disciplines. An understanding of how genes act isnow essential prerequisite for
suchbiological fiel dsof study asdevel opment, cytol ogy, physiology and morphol ogy. Anunderstand-
ing of genetransmission isafundamental aspect of areas such as ecology, evolution and taxonomy.
Further unification has resulted from the discovery that the basic chemistry of gene structure and
functionisvery similar acrossthe entire spectrum of life on the earth. Thus, not so long ago, biology
wasdivided intomany campsthat rarely communi cated with each other; today, however, every biologist
must beabit of ageneticist, becausethefindingsand techniques of geneticsarebeing applied and used
inall fields. Infact, geneticscontributed themodern prototypefor all of thebiology. It providesaunifying
thread for the previously diverse fields of biology.

IMPORTANCE OF GENETICS

The cultural evolution of human beings is strongly influenced by knowledge of hereditary
phenomenaof early man. Civilizationsitself become possiblewhen nomadi c tribeslearned to domes-
ticate plants and animals. Long before biol-
ogy existed asascientific discipline, people
selected grainswith higher yieldsand greater
vigour and animals with better fur, meat or
milk. They aso were mystified about the
inheritanceof desirableandundesirabletraits
in the human population. Despite thislong-
standing concernwith heredity andtheprac-
ticeof selectivebreeding, it wasnot until the
discovery of Mendel’ slawsthat wewereable
to explain the actual basisfor inheritance.

Like other disciplines of science, the
genetical insight has produced new challenges as well as solutions to some human problems. For
example, early inthiscentury anew wheat strain called M ar quiswasdevel opedin Canada. Thishigh-
quality strainisresistant to disease; furthermore, it maturestwo weeksearlier than other commercially
used strains—avery important factor where the growing season is short. Theintroduction of Marquis
strain of wheat had opened upmillionsof squarekilometresof fertilesoil to cultivationinsuch northern
countriesasCanada, Swedenandthe USSR. Likewise, | R26 strain of ricewasdevel oped by geneticists
in 1973; it has awide range of desirable characteristics such as resistance to several viral and fungal
diseases and protection from insects such as green leaf hopper, brown hopper and stem borer. In
additionto improving crop varieties, geneticistshhavelearned to change the genetic systemsof insects
to reduce their fertility. Thistechnique has provided an important new tool in the age-old struggle to
keep insects away of human crops and habitations.

In recent years, such successes led to the concept of “ Green Revolution”. Using sophisticated
breeding techniques based on new knowledge about genes, geneticists created high-yielding varieties
of dwarf wheat and rice. Large-scale planting of these crops around the world did provide new food
supplies, but new problems quickly became apparent. These specialized crops require extensive
cultivation and costly fertilizers. The use of thenew high-yield varieties produced diversed social and
economical problemsfor the poor/devel oping countrieswherethey aremost needed. Furthermore, the
spread of monocultur e(theextensivedependenceonasingleplant variety) |eft vast areasat themercy
of somenewly introduced or newly evolved form of pathogen (e.g., plant disease) or insect pest. With
the huge population of humans on earth, our dependence on high yield varieties of crop plants and
domestic animalshasbecomeincreasingly clear. Infact, the stability of human society dependsonthe
ability of geneticiststo juggle the inherited traits that shape life forms, keeping ajump ahead of the
destructive parasites and predators (Fig. 1.2).

In recent years, advances in biotechnology have led to the creation of special genetically
engineered strains of bacteria and fungi that carry specific genes from unrelated organisms such as

‘ Jacques Monod Francois Jacob
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humans. (Note: Biotechnology meansuseof living organismsor processesto modify or makeproducts
andtoimproveplantsor animals, seePeter Funk, 1995). Asalready hasbeen mentioned under thehead
of historical, these microbes produce such useful compounds asinsulin, human growth hormone and
the antiviral (or anticancer) agent-the interferon.

Further, themost exciting and alarming application of genetic knowledgeistothehuman species
itself. Genetic discoveries have had major effects on medicine. One can now diagnose hereditary or
genetic disease before or soon after birth, and in some cases we can provide secondary treatments.
Usingfamily pedigr eeanalysis, agenetic counsellor can giveprospective parentstheinformationthey
need to makeintelligent decisions about the risks of genetic disease in their offspring. Some refined
techniquesasamniocentesisandfetoscopy provideinformation about possiblegenetic diseaseat early
stagesof pregnancy. A battery of post natal chemical tests can detect problemsin the newborninfants,
so that some corrective methods can be applied immediately to lessen the impact of many genetic
diseases.

However, our new ability to recognize genetic disease poses an important moral dilemma. An
estimated 5 per cent of our population survives with severe physical or mental genetic defects. This
percentage probably will increase with extended exposure to various environmental factors and
paradoxically, withimproved medical technology. For exampl e, of those pati entsadmitted to paediatric
hospitalsin North America, 30 per cent estimated to have genetic diseases. Thiswill certainly increase
great financial burden on human society.

Lastly, knowledge of genetic mechanisms . mm

has made usaware of somenew dangersaswell. "
Primarily, somegeneticistsfear that theremay be
an accidental releasefrom somelaboratory of an " " I D .
artificial pathogen that has never existed onthis | « L s
planet beforeandthat pathogenmay causehavoc. | * "% | H
Some geneticists even fear that increased expo- I ATIEILITE, e I Law
sureto chemical food additivesand to vast array g ! .
of chemicalsinother commercial productsmay be - _ .:l - -
changing the human genetic makeup in a very s . Genetics . ™" n

undesirableand haphazard manner. Thistypeof i " i

random genetic changes can also be caused by | P |
suchenvironmental agentsasfalloutfromnuclear | » 9909 "y | gt Sociology
weapons, radioactivecontaminationfromnucl ear s fom 2
reactors, and radiation from various X-ray ma- -, . _ — "
chines. These agents may be contributing to o [PLILESEE

inherited disease, but they almost certainly are ]

contributing to theincidence of cancer (whichis
agenetic disease of the somatic or body cells). Fig. 1.2. Impact of genetics on different interacting

Anyho_w .in mOderr_] era the ggnetics h"’_‘s areas of human ventures (after Suzuki et al., 1986).
revolutionised the agriculture, horticulture, ani-

mal husbandry and many other branches of science. The science of genetics has proved worthy in
removing many faulty concepts of man about the inheritance.

BRANCHES OF GENETICS

Inrecent years, thescienceof geneticshasproliferatedinto numerousdistinctivesubdisciplines.
Some of the significant branches of geneticsarethefollowing :

1. Plant genetics. The genetics of plants.

2. Animal genetics. Thegenetics of animals.

3. Human genetics. It involves the study of heredity of human traits, human disorders,
betterment and correction of human disorders.
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4. Micraobial genetics. It deals with the genetics of microorganisms (viz., viruses, bacteria,
unicellular plantsand animals).

5. Fungal geneticsor mycogenetics. The geneticsof fungi.

6. Viral genetics. Geneticsof virus.

7. Drosophila genetics. Geneticsof fruit fly, Drosophila sp.

8. Mendelian genetics. It involves study of heredity of both qualitative (monogenic) and
guantitative (polygenic) traits and the influence of environment on their expressions.

9. Quantitative genetics. Itinvolvesthe study of heredity of quantitativetraits such asheight,
weight and |Q in human beings and milk productionin cattle.

10. Morganian genetics. It includes study of recombination (crossing over) in all kinds of
organisms such as higher plants, animals, fungi, bacteriaand viruses. It also involvesthe preparation
of linkage maps of chromosomes.

11. Non-Mendelian genetics. It involves a study of the role of cytoplasm and its organelles
(particularly chloroplasts and mitochondria) in heredity.

12. Mutations. They involve study of heredity of both chromosomal changes (structural and
numerical) and also gene mutation.

13. Cytogenetics. It providesthe cytological explanations of different genetical principles.

14. Molecular genetics. It includes the study of structure and function of gene and regulation
of itsactivity.

15. Transmission genetics. It includesthe study of mode of genetransmission from generation
to generation. The kind of studies that Mendel performed are now included in the discipline of
transmission genetics.

16. Clinical genetics. Genetics involved in the detection of causes of diseases such as
haemophilia, colour blindness, diabetes, phenylketonuria.

17. Immunogenetics. It deals with genetics of production of different types of antibodies; the
diversity of antibodies has been found to be under control of genetic regulation.

18. Behavioural genetics. It involvestheinteraction of geneswith the environment to produce
a particular pattern of behaviour. In Drosophila many behaviour genes have been identified, e.g.,
mutants described as sluggish, non-climbing, flightless, easily shocked, etc., and genes regulating
sexual behaviour. In primates including humans, it has been found that 1Q (intelligence quotient) is
governed by genetics (parentage), environment (adopted parents) and developmental stage (age) of
anindividual.

19. Forwar d geneticsand rever se genetics. During thelast decade, thetermrever segenetics
has been used for physical mapping and isolation of geneswhose protein products are unknown. The
term forwar d genetics has been used for genes which are mapped on the basis of phenotype (or gene
product or protein), using thetechniqueof classical genetics. However, recently in 1991, thetermreverse
geneticshasbeenredefined by Paul Ber g (Nobel Laureate). Accordingtohim, thetermreversegenetics
should be restricted to those studies, where we start the study with a DNA segment with unknown
phenotypic effect, introducethisDNA (without any alteration or other modification) into aplant or an
animal and then follow the phenotypic effect.

REVISION QUESTIONS

1

Explainthefollowing :

Germplasm theory; pangenesis theory; preformation theory; particulate theory; and variation.
Why the study of genetics isimportant for human society?

Give abrief account of the scope and importance of genetics, outlining the newer areas of study in
this subject.

Describe the historic growth of geneticsin last two decades.

Enumerate and define various branches of genetics.



Contents

Genetical
Terminology

Like other sciences, the science of genetics hasits spe-
cific terminology which minimizes the chances of confusion,
inconvenience and unnecessary repetition of full sentences.
Wearegiving here certain most common termswhich areused
more frequently in genetics.

Acquired character. The alteration in the morphology
or physiology of an organism in response to its ecological
factors (environment) is known as acquired character.
Acquired characters are usually not heritable.

Albinism. Absence of colour in skin, hair and eyes or
absence of chloroplast in aplant; an inherited trait.

Albino. The animal without pigmentation in skin, hairs Albinos illustrate pleiotropy.
and eyesiscalled albino.

Allele(Allelomor ph). Oneof two or moreformsthat can
exist at a single gene locus, distinguished by their differing
effects on the phenotype. Alleles are genes controlling the
same characteristic (e.g. hair colour) but producing different
effects (e.g. black or red), and occupying corresponding posi-
tions on homol ogous chromosomes.

Amniocentesis. Puncture of the uterine wall with a
needle for the purpose of obtaining amniotic fluid, which can
be analyzed to determine whether the foetus has a genetic
abnormality. Amniotic fluid contains sloughed foetal cells.
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Aneuploidy. Karyotypicabnormality in which aspecific chromosome(s) ispresent in too many
or too few copies.

Animal breeding. The practical application of genetic analysis for development of pure-
breeding lines of domestic animals suited to human purposes.

Autosome. The chromosomes which are not associated with sex are known as autosomes.
Except the sex chromosomes (X) and (Y) other chromosomes are the autosomes.

Back cross. Thecrossof aprog-
eny individual withitsparentsisknown
as back cross.

Barr body. A densely staining
massthat representsan X -chromosome
inactivated by dosage compensation.

Bead theory. The disproved hy-
pothesisthat genes are arranged on the
chromosome like beads on anecklace,
indivisible into smaller units of muta-
tion and recombination.

Bivalent. A pair of synapsed ho-
mol ogous chromosomesisknown asa
bivalent.

Amniocentesis. Blendinginheritance. A discred-

ited model of inheritance suggesting
that the characteristics of individual result from the smooth blending of fluid-likeinfluencesfromits
parents.

Carrier. A heterozygousindividual. An individual who possesses amutant allele but does not
expressit in the phenotype because of adominant allelic partner; thus, anindividual of genotype Aa
isacarrier of aif there is complete dominance of A on a.

Chiasma (plural chiasmata). A cross-shaped structure commonly observed between nonsi ster
chromatids during meiosis; the site of crossing-over.

Chromatin. A DNA, RNA, histone and non-histone protein containing thread-like coiled
structure of interphase nucleusis called chromatin.

Chromosome. The nucleoprotein structure which are generally more or less rod-like during
nuclear division. The genes are arranged on the chromosomesin alinear fashion. Each specieshasa
characteristic number of chromosomes. Chromosomes play most important role in inheritance.

Cisarrangement. Linkageof dominantsof
two or more pairs of alleles on one chromosome
and the recessive on the homologous chromo-
some.

Cistron. A termequatedwiththetermgene.
Itisaregionof DNA that encodesasinglepolypep-
tide(or functional RNA moleculesuchastRNA or
rRNA).

Clone. A groupof geneticallyidentical cells
or individuals derived by asexual division from a
common ancestor.

Cloning. Asexua production of a line of

cells or organisms or segments of DNA geneti- Cells of yeast multiply rapidly by budding,
caIIy identical to the origi nal producing vast clones of genetically identical cells.
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