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LIFE IN THE SCIENCE OF KARMA AND
GENETICS

LIFE IN THE SCIENCE OF KARMA

Living organism depends upon an 'organization’ tegtlates all its
action. What exactly then is 'living'? In other @sy what is the difference
between 'animate' and inanimate? According to Jamksophy, animation
Is caused by the unity of a non-physical (or nortemal) entity called soul
or spirit with a material body. That is, there issabtle spiritual self
associates with the gross physical body during litee death is the
separation of two. Until emancipated, the soulwsags enveloped bigarma
(askarma ar ra). Thus on death what is separated from the phiyilsardy is
soul-cumkarma arra. It is the karma that is responsible for the
‘organization' of the physical bod¥he role of the non-material soul is
some what akin to a catalystAn organism ‘lives' its duration of its life-
span which is determined by one of the eight mategories okarmaviz.

yu yakarma!

Existence of Soul

No one has yet been able to synthesize a livingrcéhe laboratory,
although we know now, in some detail, what theaasimaterial substances
involved are in the making of a cell, becauseiifaot merely a composition
of material substanceA. non material soul-substancej(v stik ya) is also
essential to create a live celSoul is substance but not a physical one. And
this non-material/non-physical substance is eterhahn neither be created
nor destroyed. A soul animates a particular orgaraad manifests itself in
various vital functions of a living organism. Thegn be classified into ten
groups, callegbr a (vital force or bio-energy).

There is much evidence that all of living organisams earth from
plants, bacteria, jellyfish (the simplest of anismtilat has a nervous system)
to apes and humans, use the same DNA code ancisamino acidsAnd
yet no two organisms are totally identical. True tlat all members of a
particular species and sub-species would possesg tkame genetic codes
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but the genes themselves would vary from member to member. This
because, thegenesare not only hereditary but are also significantly
influenced by the karma of the individual member. Thus while the
general behavior of all the members of a speciaddvoe the characteristic
of the species, it would infinitely vary from memb® member. This is
because though humans alone appear to have cosisessu or minds
distinct from their bodies, each and every livingjanism, also has a non
material soul associated with a material body. €kistence of the soul
distinct from the body is not merely a concept dmetaphysical reality.

Characteristic of living substance

All living substances have to a greater or lessaerd the specific

properties as follows—
(1) Shapé
(2) Size®
(3) Metabolisnt'
(4) Movement
(5) Initiability.°
(6) Growth’
(7) Reproductiori.
(8) Adaptatior®

The above list of their properties seems to beiBpemnd definite but
the line between the living and the non-living adteg to modern biology
Is tenuous as "non-living objects may show one orenof these properties
but not all of ther?

Many of the phenomenon of life that appear to bengsterious, as
discovered by thelain ¢ ryas such asucchav a (respiration),sa | a
(instinct), bh (speech), ka ya (passion), indriy s (senses),lesy
(condition of soul or psychic conditioryedan (feeling) etc. of the living
substances, have proved to be understandable mking a unique life
force, while other aspects of life can be explaibgdhysical and chemical
principles in the light of biology.
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Survival of Organism

One of the fundamental characteristics common ltéivethg beings
without exception is the desire of survival. Everganism achieves it with
efficiency. The apparatus which is perfectly addpter this purpose is
supplied byn ma karmaand yu ya karmawhich provide suitable reference
standards osa j s(unlearned instincts) for every category of orgamiln
human the pattern of nerve cells of the hypothatawiuthe brain are the
physical embodiments of fundamental standards. paiern of human
actions are set originally during embryonic devetept under the control of
DNA which in itself ispartly inherited and partly karmic .

Their reference standards are the primal drivegher unlearned
instincts. Throughout life, they generate wants @esires, influence hunger
and satiety, longings and satisfactions, love aatéd) revulsions and fears.
Of course these are not the only or even the nmineinces and one does
not follow only the hypothalamus. In human lifeg standards include many
further subtleties derived from learning and cudtun all cultures, the most
primitive to the most sophisticated, people aretiooially to face situations
where they must choose what to do. What to sayt whask for, what to
buy, what to give and so on. Of course their choaepend upon all sorts of
individual needs, and cultural influences. Thousarad other equally
powerful influences, not necessarily instinctual learned, interact with the
primal drives. They may reinforce countermind araii drives, for example
a non-vegetarian would be delighted when servel,siy, a well cooked
lobster dinner. On the other hand, a born vegetaniauld find the very
sight so repulsive that he may throw up. In eitbase is the lobster
responsible for the result but learned emotionglifigs. But all of these are
subordinate to a fundamental method of acting tha¢mbodied in the
programs of the braift.

The fabric of life

As defined, Biology is the science of living sulmgtas [ vadravayak
The field of Jaina Biology differentiate the livifigom non-living by using
the wordj vasttik ya (organism)® to refer to any living things, plants or
animals, just as modern biology does, so it istirgdly easy to see that a
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man®® A S la tree! a creepér and a earth worff are living, where as a
piece of matter gudgald e.g. wood, stones etc. are not'5dSome
materialists maintain the view that elements are-canscious gcetang.
Consciousness is not the character of elemenearesult of elements, while
soul is the name of that realitiaftva) with consciousness (soul) is related as
character of resuff According to modern biology "protoplasm is theumdt
living material of all plants and animals." Thisnet a single substance but
varies considerably from organism to organism, agrtbe various parts of a
single animal or plant and from one time to anothigh a single organ or
part of animals or plant. There are many kindsrofgplasm, but they share
certain fundamental physical and chemical charisties’® The protoplasm
of the human body and of all plants and animalstexn discrete portions
known as cells. These are microscopic units otaire of the body, each of
them is an independent, functional unit, and tleeg@sses of the body are the
sum of the co-ordinated functions of its cells. Sdecellular units vary
considerably in size, shape and function. Soméesmallest animals have
bodies made of single cell, other such as, a manarak tree are made of
countless billion of cells fitted together.

According to modern biologyThe structural and functional unit
of both plants and animals is the cell."The simplest bit of living matter
that can exist independently. The cell itself hpscdic organization, for
each type of cell has a characteristics size arapeshit has a plasma
membrane which separates the living substance tihhersurrounding, and it
contains a nucleus, a specialized part of thesegarated from the rest by a
nuclear membrane. The nucleus plays a major roleamtrolling and
regulating the activities of the cell. The bodidstlee higher animals and
plants are organized in series of increasingly dempevels. Cells are
organized into tissues, tissues into organs anansrinto organ systefn.

Protoplasm—Iliving material

The major types of organic substances found inoptasm are
carbohydrates, proteins, lipids, nucleic acids stredoids> Some of these
are required for the structural integrity of thdl,cethers to supply energy
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for its functioning and still others are of prim@mportance in regulating
metabolism with in the ceff

Carbohydrates are fats (lipids) have only a snwdé m the structure
of protoplasm but are important as sources of tebhohydrates are readily
available fuel, fats are more permanently storgaplsuof energy. Nucleic
Acids have a primary role in storing and transmgtinformation, proteins
are structural and functional constituents of ppaem, but may serve as
fuel after de-animation. The body can convert aafcthese substances into
others to some extent, protoplasm in a colloidadteay, with protein
molecules and water forming the two phases, and/ro&the properties of
protoplasm—muscle contraction, amoeboid motion,s;mdn depend on the
rapid change from sol (liquid condition) to gell{dar semi solid) state and
back?*

Life and environment

The ability of a plant or animal to adopt to itsveéanment is the
characteristic which enables it to survive the eriges of a changing world.
Each particular species of plant or animal can becadopted by seeking
out and environment to which it is suited to makeetter fitted to its present
surroundings. According to modern biology "it isvadus that a single plant
or animal cannot adopt to all the conceivable kiailenvironment, hence
there will be certain areas where it cannot sureiveome areas where it can
survive?®

Many factors may limit the distinction of a specmgh as, habitat,
earth, water, air, light, temperature, food, predgtcompetitors, parasites
etc.

The analysis of the types of plafitand animaf€ etc. as recorded in
Jaina gamsshow that types of plants such as trees, shra@mbshcreepers,
grasses etc. were distributed over different regmiindia where they could
grow and adopt to their suitable environment toriser the exigencies of a
changing world. The classification of animals byndac rya intosthalacara
(terrestrial), Jalacara (aquatic) andKhecara (aerial) beings et® throws
light upon their habitat and ecology where theyldarow and adopt and
make themselves better fitted in their survival.
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The study of the life of beings was made by thenalairyas in
relation to environment. So climatic conditions @deen described by them
under the term tu' It has been sub-divided into pravrt war (Rainy
season = aravanadior Asayujadi), arada (margair adhih = autumn),
hemanta(maghadih= winter), Vasanta(caitradih = spring) andGr ma
(Jyesthadite summer)?

The study of life in relation to environment probabegan from the
vedicperiod® and climatic conditions were similarly treated anthe same
term 'tu' (season) which was first sub-divided into threasens :

(i)  Vasanta(spring)

(i)  Gr ma(summer)

(i)  arada(autumn)®

tu has also been sub-divided into five seasons :
() Vasanta

(i) Gr ma
(i) Var
(iv) arada.

Hemanta i ira.*
or sometimes into six by separatingmantaand i ira.

BIRTH OF LIFE IN JAINISM

According to Jaina Philosophy life comes into beihgough the
following three ways—

()  Sexual reproduction birth,

(i)  Sammurcchanairth,

(i)  Upap dabirth.

‘Sexual reproduction’ takes place through male and female mating.
The birth of Jva takes place by automatically gathering life mgviand
supporting atoms together from the surrounding aphere is called
'sammurcchana’ birth. Creatures with single sense organ to ndostsuntive
five sense organs of animals and some of the substafive sense organs
of animals and men too are born through 'sammurnatarth. In this type
of birth the favourable combination of matter atamts as a genus and here

Chapter 2 59



Sohan Raj Tater Hoeence OKarmaAnd The Science Of Genetics

birth takes place without male and female matitépap da' birth is
restricted only to hell and heavenly creatures. Life through
sammurcchana process does not materialize in teenab of favourable
conditions. We have to remember that origin of seumpossible. Soul is
eternal but origin of various life forms is possiblSome of the scientists
believe that life didn't originate on the earththea life or various life forms
originates here while the seed of life (the smritsoul) perhaps came from
any distant planet or star.

Now, the question arises—how did various differepecies of
animals and plants come into existence from thmatrisingle creature or
being? This too may be grasped in the light of @9l There are two points
here. The first point is that in the everchangirnghasphere, different
genuses constantly came into existence under \gatgmperature, pressure
and with the presence of various material atomatsilwhenever their came
into being a new genus fit for the birth of a nguedes of creature took
shape. Thus, in the ever changing atmosphere oédhia new species of
creatures took birth and ever new genuses wentramigg. According to
Jainism genuses are cold, hot covered, and unabwaard various other
forms.

Human sperms are single sensed creatures. Whenspalsn meets
the female egg inside the female uterus both getd@and fertilization takes
place.In this process the sperm and the egg lose their istence and
form a new cell Human embryo takes shape from this cell and thiergo
Is born inside the female womb growing up graduallyis new cell
established in the female womb at a favourable &satpre and pressure is
the genus of man. The source of origin that is &mrim the female womb is
fit for a human being to be born. Thus, it is cldat through the fusion of
two single cells (sperm and egg) takes shape aaediwthrough which is
born a multicelled creature, malh.mean to say is that there may have
been fusion of two single celled creatures in thehanging atmosphere
long ago, and then there may have taken shape suahcell containing
the source of origin of a multi cellular creature possessing two or three
sense organs) and then may have come into existenoew forms of
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creatures. It is always possible and this theory isin no way
contradictory to Jaina principles.

Through the process of a single cell prototypiaaature evolving
into multiple species creatures we must understhatl some primordial
creatures (single celled) went on losing their texise through fusion and
forming new genus in the new atmosphere thoughlwtaene into existence
new species of creatures. In fact, creatures withdense organs from one
sense organ or creatures with three sense orgamstivo sense organs did
not evolve rather, some creatures with single sergan prepared thgenes
for creatures with two sense organs losing theim ewistence.

According to the theory of gradual development dfatures there
occur genetic changes in living being, which até@gginated and sudden.
Jaina karma theory too seems to confirm this hypothesis. Adoay to
chronological sequence there occur the followinganges in the
measurements and number of backbones in the boohgatures :

S. No. Era Measurement No. of Backbones
01. Sum -Sum 6000-4000 hands 256

02. Sum 4000-2000 hands 128

03. Sum -dum 2000-500 hands 64

04. Dum -sum 500-7 hands 48-24

05. Dum 7-3.5 hands 24-12

06. Du ma-dum 3.5-1.0 hands 12

If Darwin propounded the theory of 'natural selewcti Jainism fixed
the number of genuses. According to the theoryattinal selection only
those creatures could have survived who possesse@atential to adopt
themselves to the changing conditions and atmosph&hile Jainism says
the number of genus determines the number of spézibe born to whom
environment favours. Excluding this, birth of arpesies is not possible.
Total quantity of genuses is 84 lacs and out csehgenuses 199.5 species
can take birth. By this it is clear that Jaina tiyeof karmaagrees origin of
life of organism on the earth and their succesdeeelopment theories of
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genetics. It is only needed to understand Jainaoffhef karma in a
systematic scientific way.

Conception
The incredible sequence of events that occur bdfitle resulting in
the formation of a perfect human being, is onehefmost amazing parts of
the human story. Fertilization is union of the ovwith the sperm which
takes place in mother's womb. In humans, a matuséle ovum is
surrounded by a barrier (tough membrane). An estidh@5 million sperms
are needed to break a large enough hole in theeb#or a single sperm to
enter the ovum. As soon as this is accomplishedothen fuses with the
sperm and prevents the entry of additional sperisw the made
pronuncleus with 23 chromosomes units with its ¢eupart—the female
pronucleus—and the full complement of 46 chromosoalgn themselves
in 23 pairs in fertilized ovunilhe single cell is now ready to receive soul.
Precisely at the instant, a transmigrating soulclviis conscious substance
enveloped in micro bodK rma a arra—arise in the womb (from its
previous life) and animates the fertilized ovum,akhbecomes its physical
body through a stage by stage biological processes.
A new human being has been conceived. The new husn#mus,
endowed with—
()  The genetic code contained in 23 chromosonts the mother.
(i)  The genetic code contained in 23 chromosoma® the mother.
(i) The code conceived IK rma a ar ra appended to his soul from
his previous life/lives. All these continue to irdet and integrate
into various programs which would control the |bé the new
human.It's existence and development is totally dependerndn
karmic and hereditary instructions. Those for remaning alive
come from DNA and yu ya karma® A body's existence and
growth are partly dependent on hereditary programmel
instructions contained in his DNA and partly on the
instructions from the fruition of the body making (n ma
karma). Organ building, joints building; structure build ing and
such other functions of remaining alive and growthwould be
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the outcome of the joint action of the DNA and vaous sub-
species of the body makingn( ma) karma.*°

According to vedic religion the act of placing semneto the womb of
woman by man in a righteous manner is called caimep Similarly when
the menstrual secretion of woman enters her codikenwomb getting
fertilized by man's semen, there occur concepfidBonception has been
acknowledged as the very first ceremony among f8ites in digambara
scriptures’”® Regarding the condition of the soul when it entées womb
Gautam asked the Lord : Is the soul endowed witises@®rgans at the time
of its entry into the womb or it is devoid of sensmans? The Lord
answered—it is endowed with sense organs as weléasid of them. The
Lord explained the reason at the time of conceptimnsoul is devoid of
physical sense organs but it is endowed with sutffject sense orgafS$.

Physical organs cannot take shape without foodk@nt&imilarly
answering a question about body the Lord said bloaty is notaud rika
(gross),vaikriya (defective) and h rak (food consuming) but it isaijasa
(brilliant) andk rma a (based ofkarmad.** Nowhere else such a subtle and
theoretical analysis of the soul located in wombaisilable. In this
connection, the discoveries and experiments ofntbdern anatomists are
very significant. Male sperm and female egg fussgkether form a single
cell that possesses all the hereditary charagt=igthe personality of the
foetus depends upon this cell. The hair colour, ege skin, height or
shortness, obesity or slimness, foolishness or spaintellect, age,
constitution of body parts etc., of the foetus, alhre inherent in this cell.
Thus, according to scientists that first moment iighly significant.*?

According to the spiritual peopleTirtha karasthe soul enters into
this cell at that very first moment along with itstaijas-k rma a bodies
following its karmasof the previous birth, and then it is called a liing
embryo. Birth starts at this very instant. The life of the soul too starts at
this instant. Soul is eternal and immortal, therefoe, it does not take
birth.

This type of conception be compared wplary ptis and karma
prak tis (nature ofkarmag. The same is the motto of my research work.
Embryo is endowed with soul that possedsasna ar ra (karma body).
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K rma a body is made up déarmaswhich include the basic and posterior
nature's okarmas which are controlled by the principles kdrmatheory.
The nucleus of embryonic cell contains 46 chromaeson whiclgenesare
situated there.Genes constitute the personalityKarma constitute the
personality. Genesare subtle atomic particles which are parts ofgitmody.
Karmasare extremely subtler matter particles which ane pf subtler body.
Both are atomic homogeneous endowed with colouellstaste and touch
gualities. It is a natural law, a universal trutfatt extremely subtle control
the subtle.Thus, genescontrol personality while karma control genes
This shall stand proved in the forth coming chaptand that exactly is the
objective of my research work.

Embryology

The mutual fusion of the male semen and female meissecretion
inside the female womb is called conception. Thafusion of mixture
intake received by the female is called conceptiFhe birth of a creature
acquiring a body through mother's menstrual semmednd father's semen is
called conceptiofi’

Kinds of Conceptions

Conception results into four kinds of foetus—fematale, neuter and
a solid mass of flest. Excess of semen produces male, excess of female
secretion produces female, both being equal resibsneuter and if the
female secretion freezes due to defective humduesults into a mass of
flesh®® Manusmti,*’ Caraka Sahit ,** At nga hadayd® and Suruta
Sa hit confirm this opinionManusmti gives one more reason for this that
if a ovulating woman has intercourse on even nighis gives birth to a
male child while if she conceives on odd nights giagluces a female child.
Explaining it more scientificallyBhoja says that during even nights the
guality of menstrual secretion is less while on odghts its quality is more
and therefore, the said resuls.

In the bookBahula Vaicrika Prakr aka this topic is discussed
focusing on the situation of the embryo too. Thémlm situated in the right
side of the womb grows into a male child, the omeased in the left side
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grows to be a female child while the embryo sitdatethe middle of the
uterus grows to be an eunuttiThe same is discussed in detaiBaruta.>
Some western scholars also have maintained that tle&ists such
substances in the right ovary of woman that possets® power to produce
a male child while the left ovary produces a fenwiid >

Modern scientists explain that birth of a male eméle child is
determined by sperm cell. XY chromosomes deterrtheemale sex while
XX chromosomes are responsible for female sex. &gf contains XX
chromosome where as sperm cell has XY chromosoié®gn the X
chromosome from mother and Y chromosome from fathge together, a
boy is born, whereas if both of them contributeyaxichromosomes, a girl
child is born>* If at the time of conception, the male breathsmfroght
nostrils and the female breaths from left nostilmale child is borf®
According to Japanese scientists a pregnant ladyceavert her foetus into
either male or female through her will power. birir the time of conceiving
till two months, she auto suggest herself repegntbdfore going to sleep
that "I will give birth to a son" she may bear axséle claims nearly 200
women have given birth to male children in this wagimilarly, a western
scientist conducted experiments on lower animaterégining sex of the
young ones and concluded that a rich diet resotts female sex while a
poor diet produces male sex. He believes the sathprave successful for
women too’

In the opinion of well known Philosopher Aristoffe at the time of
conception, there blows a northerly wind, the ermobgyows to be a male
child. There are numerous such beliefs but manthem are not logical
enough, therefore, they are not discussed here.

Birth process

The universe is eternal. The world is beginningl&sul is eternal.
Karmasare in abundance. Life and death are in abundahersfore, there
IS no space worth an atom in this world where tiere birth and death of a
creature. "There is not a single species, vigimagbr genus where the soul
has not taken birth innumerably and infinitely."
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The cycle of birth and death revolves infinitelyless the soul is free
from karmas Birth is definitely after death. Birth means tnte into being.
The origination process of all the creatures issaohe. Species vagina and
genus are innumerable. There is some or other dimtifference of colour,
odour, taste and touch in the birth place of ewweeature. Even though the
processes of origin are not many. All the creataresborn in three ways.
That is why there are three kinds of births—

(a) Sammurcchana
(b) Conception
(c) Upapda.

(a) Sammurcchana—T he birth of those creatures whose place of bgth i
not fixed and who don't conceive is called 'sammi@na’. Upto four
sensed organed creatures are born through sammaunecddany five
sense organed men born at placed like excretae and mucous etc.
fourteen different places of man and animal areo d®rn as
sammarcchana.

(b) Conception—The birth that takes place through male semen and
female menstrual secretion is called conceptiorg-Bgaring, yolk-
bearing and foetus-bearing five sense organed wesatare born,
through conception.

(c) Upap da—The birth of those creatures whose birth placéxidfis
calledupap da. Gods and hellish creatures are bornypap da A
narrow necked pot for the hellish creatures anépsiey beds for
Gods are the fixed birth places.

Creature take birth in both conscious and non-gons bodies. All
the activities going on through the physical bodyceatures take place
through the association of the power of the sodlmaaterial particles botH.

Eighty four lac vaginas

Vaginas (sources of origin of creatures) are eigfayr lac in
number® and there are one crore, ninety seven lac ang fifousand
(1,97,50,000) genuses of them. There are found manyses in one vagina.
For instance, dung is just one single vagina wiuchtain many genuses
like, k ti, fowler, scorpic etc. Following are 84 lac vaasn:

Chapter 2 66



Sohan Raj Tater

Hoence OKarmaAnd The Science Of Genetics

S. No. Place Vagina Genus

01. | The earth body 7 Lac 12 Lac

02. The water body 7 Lac 7 Lac

03. The fire body 7 Lac 7 Lac

04. The air body 7 Lac 7 Lac

05. Flora 24 Lac 28 Lac

06. Two sense organed 2 Lac 7 Lac

07. Three sense organed 2 Lac 8 Lac

08. Four sense organed 2 Lac 9 Lac

09. Five sense organed 4 Lac Water creatures Ht5 L
arerial creatures—10 lac
terrestrial creatures 10 lag
crawling reptiles 9 lac,
armed reptiles 9 lac

10. Men 14 Lac 12 Lac

11. Hellish creatures 4 Lac 25 Lac

12. Gods 4 Lac 25 Lac

Total 84 Lac 197.5 Lac

The process of origin of various kinds of men
T rthankara devahas described various kinds of men. For instance,

some men are born in place of devotion, some otherglace of non-
devotion; some are born in inter-island (56 insamd). Some are well bred
( rya) other are low-bredntaleccha-anrya). All these creatures take birth
according to their seeds and spaces. As a casttal faf this origin there
arises on opportunity for man-woman copulation doearmas of the
previous birth. As a result of this mating the bitaking creature receives
fat-like substance (the substance produced byddesb of man and woman
and secreted as a result of copulation) as foodugir theirtaijasa and

k rma bodies. Then these creatures are born there aswwnan and
eunuchs. When male sperm meets female egg insidieitimle womb both
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fertilize perfectly andsoul takes birth in female womb and takes fat like
substance as food first timé°

The soul situated in the womb, first of all takattfused substance
made of male semen and female menstrual secrettoah is very dirty and
ugly. After that whatever juicy substance the mottakes, the seed like
creature receives part of it. Thus growing and maduthey take birth as
men, women or neuters. Born as children thesewresatire fed on mother's
milk and ghee (clarified butter). Gradually growitiggy feed themselves on
rice, whole grains, pulses and plant's products, Apart from that, these
creatures are fed on the things produced on byeasdter, fire, air and
plants. Collecting food from these they convetbisuit their own nature of
body. The bodies of these creatures born on diftdesxds and climates and
races like ryas non- ryasare made up of different and innumerable atoms
of various complexions, smells, tastes, touch amtutes. This is uttered by
T rtha kara deva®™

The mystery of birth of man, woman and eunuch

The scripture writer gives two main reasons belimsl the seed and
the place. Various commentator explain it thus—eseethe term used for
male semen and female menstrual secretion. Gepdoalth of man, woman
and eunuch takes place owing to different seedandh's semen and
woman's menstrual secretion both posses the paltdati childhood, are
flowless and the quantity of semen is more than ghantity of female
secretion, a male child is born, if female secretaverweighs the male
semen, a girl child is born and if both are in d¢lyasame quantity, an
eunuch is born.

A healthy state of a woman below 55 and a man b&lows the last
age limit for child production. Apart from this,mmen and female secretions
too are fit for child production only for about h@uhurta; then their power
Is lost and they die. The other reason for difféegion is the placing of the
embryo in mother's womb decides the child's sexne@dly, a embryo
placed in the right side of the womb gives birttratmale child; from the left
side female child is born while if the both sides avolved, an eunuch is
born.
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Apart from this factor, most important of all, respible for
maleness, femaleness and eunuchness isatimeasof creature. This is not
the theory that a woman in the next birth shalbben only a woman or a
man shall be born only a man. All this depend ugbair karmas
Combination of "seed and place" takes place acegrdi soul'karmas®

Process of food intake

h vara puravakhta save p savve bht savve jva savve
satt na vihajo iy na vihasa bhav na avihavakkam arrajo iy
arrasa bhava arravakkam arrah r kammovagg kammanid
kammagatiy kammthitiy kammu ceva vippariysuve ti.

T rtha kara devastates many things about the food intake etc. of
creature. All the creatures (five sense organed saanimals, man etc.) all
the elements (the earth being, water being, firedyair being) all the Hora
(plants beings) and all the living beings (singdmse organed, two sense
organed, three sense organed, four sense orgaoesntient five sense
organed) are born into various genuses, live thategrow there. They are
born of the body, live in the body, grow in the ppdnd take meal of the
body.They follow their own karmasand karma s the basic factor behind
their birth in a genus. Their movement and position too are determined by
theirkarmas And owing to differences in thellarmas they move from one
genus to other and suffer from misefi&s.

JAINA VIEW OF PARY PTIAND PR A

Jaina parypti and pr a appear to be the actual living material of all
plants and animals like protoplasm in modern biglagpina parypti and
pr a, the two unique forces, no explainable in termsploysics and
chemistry, are associated with and control lifee Toncept of these forces
may be called vitalism which contains the view tlnhg and non-living
systems are basically different and they obey wdfie laws. Many of the
phenomena of life that appear to be so mysterioukina biology may be
explained by physical and chemical principles.tSs ieasonable to suppose
thatpary pti andpr a the two mysterious aspects of life come near ¢o th
idea of protoplasm because of its unique functiortee organisni?
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Pr a(living material or life force)
It is stated that there are ten types of pr(living material or life

force)®®

(a) Five indriyapr as (life
force of five senses)
(b)Ucchv a pr a (life
force of respiration)

(c) yuya pr a (life force

of length of life)

(d)Manobala pr a (life

force of mind) o
TOT ST JUL,

(e)Vacanabala pr a (life

force of speech)

() K y bala (life force of body).

Actual speaking these tgm asare almost contained in gpary ptis
as follow :

() Indriyapary pti—contains fivandriyapr as

(i)  Anap napary pti—ucchvaapr a.

(i) Sarrapary pti—kay pra a.

(iv) Bh s pary pti—v kapr a.

(v) Mana apary pti—ma ahapr a.

Thus, it is found that most of thpary ptis andpr ashave common
names. So the question is whether there is angrdiite between them?
Gommats ra explains the difference in the way that apsry pti is
attainment of the capacity of developing body, mindspeech and five
senses while pr a is the activity of those functionaries.

Chapter 2 70



Sohan Raj Tater Hoeence OKarmaAnd The Science Of Genetics

It is further explained that—

(i)

(i)

(iii)

(iv)

(v)

(Vi)

One sensed being—has

four pr as or balas (life

forces) viz. sense of

touch, respiration, length

of life and body.

Two sensed beings—have

Six pr asviz. senses of

touch and taste,

respiration, length of life,

body and speech.

Three sensed beings—

have sevenpr as viz.

senses of touch, taste and

smell, respiration, length

of life, body and speech.

Four sensed beings—have eigitt as viz. senses of touch,
taste, smell and sight, respiration, length of, libwdy and
speech.

Asa | pancendriya ya (five sensed being having no physical
mind but psychical mind has)—have nime nasviz. senses of
touch, taste, smell, sight and hearing, respiratemgth of life,
body and speech.

Sa j | pancendriya jva (five sensed beings having physical
mind and psychical mind) viz. senses of touch,etastnell,
sight and hearing, respiration, length of life, podpeech and
mind %

Pr a(vitalities) and pary pti (sufficiencies)

All the activities like food intake, thinking, pthhg etc. are
performed with the help ofpr a (vital breath) and pary pties
(sufficiencies). For example, man makes effortgeak and that is thought
to be vital energy. Following that effort the powdrat gathers atoms
convertible into speech is called speech-suffigtefod sufficiency and
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life vitality, mind sufficiency and mind vitalitypody sufficiency and body
vitality, speech vitality and speech sufficiency ae mutual relative. This
brings us to the conclusion that all the activitiaese are performed by
creatures through their physical bodies are passtotly through the
association of spiritual power and physical powathb

Respiration and Energy Relation

All the phenomena of life growth, movement, irrité reproduction
and others require the expenditure of energyy#)® by the cells of
organism.Living cells must have chemical energyAccording to modern
biology "All the living cells obtain biologicallyuseful energy primarily
enzymic reactions in which electrons flow from opeergy level to
anothe’® The Jainc ryas state that vital forcepdry pti) by which
organisms inhale the particles of suitable respiyatair, i.e. oxygen
(ucchv amarhamadya dalajntransforms it and exhales (as carbon-di-
oxide) is callecuicchv apary pti.*

Now the question arises what is the necessitypafy pti in
respiration, when body and respiration are broughlbout by
dehaucchv n ma karmagbody respiration producirigarma ? The reply is
that the transformation of matters received by dbel as body is brought
about by ar ra N makarma(body-producinckarmag, while the completion
of the started ga (body) is brought about byary pti (vital force)’® This
difference ofsarran makarmafrom pary pti (performancekarmais due
to the difference 0§ dhya (performancej! ThusUcchv a-labdhi(faculty
of energy of respiration i.@ar a is brought about byarran makarma
(body producindgarmg and itsvy parnam(manifestation or actually) takes
place due taicchv a pary pti (the vital force of respiratiorfy.

Even there being the facultiabdhi = energy = pr a) of respiration
born ofucchv an makarma there should bacchv a pary pti to make it
manifested (i.e. bring it into actualit{).As for example, there being the

akti-capacity to cast the arrow, one does not becorukespwithout the
capacity of drawing the bow to make it a suc¢édsis subtle reference to
respiration and energy suggests that "for mostresgas oxygen is the
ultimate electron acceptor, oxygen reacts, with #iectron and with
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hydrogen ions to form a molecule of water electrars removed from a
molecule of some food-stuff and transferred (by #wtion of specific
enzyme) to some primary accepfor.

Six types ofparyaptis

Jaina biology states that the fabric of life ofthk plants and animals
is pary pti ( akti = vital forceJ® orpr a (life force) in another way. That is
pary pti appears to be actual living material of allqigaand animals. There
are stated six kinds @ary pti’’ viz.

() h rapary pti—Vital force by which a living being takes, digests,
absorbs and transforms molecules of food particies (waste products)
khala and rasa chyl-molecules of nutrients or epefy

(i) arra pary pti—Vital force by which chyle or molecules of
nutrients are utilized by beings for the releasesiérgy, the building of
blood, tissue, fat, bone, merrow, semen’etc.

(ii) Indriya pary pti—Vital force by which molecules of nutrients or
chyles suitable for building senses are taken oh @iovided to the proper
place so that beings can have perceptual knowlefidesired sense-objects
by the same orgari8.

(iv) Ucchv sa pray pti—
Vital force by which particles of
respiration are taken in, oxidized
for energy and left out as carbont
di-oxide and wate-

(v) Bh pary pti—Vital
force by which beings having
taken proper particles of speech
emit them as speeéh. Six Paryaptis
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(vi) Mana pary pti—Vital force by which beings having taken
particles (or ducts) of mind transform them by thental process and give
vent to them as the mental force i.e. thodgtit.appears that thigary pti
(vital force) is not a single substance but vadessiderably from organism
to organism (i.e. one sensed to five sensed beamgehng the various parts
of a single animal or plant, and from one time notaer the gaining of the
capacities starts simultaneously, but the complettb each of them is
effected gradually with in the period of oaatarmuh rta, which increases
in the case of each succeeding one. Yet their peebd does not exceed
one antarmuh rta® with in a single organ or part of an animal ornpla
There are sixpary ptis, but they share certain fundamental physical and
chemical characteristiés.

LIFE IN THE SCIENCE OF GENETICS

Earlier in chapter 2 we have discussed life inrsmeofkarmanow
we shall deal with life in the science of genetics.

Characteristic of J va (creature/living being)

Numerous creatures are found on the earth. More thanty lac
species have been found till date. They range &iaimgle cell bacteria to a
gigantic whale. They are found in various kindslates—in the heat of
scorched deserts to ice topped poles. There aiaivas in the habitats and
food habits of creatures. Despites all this theeeseame similarities among
creatures and those similarities determine theachearistics of creatures. All
the creatures are composed of a typical chemicatlpoond and this
compound carries out a specific chemical reactiom fThese chemical
compounds are arranged into a unit called "celtieré are many theories in
vogue about the origin of life on the earth. proemhamong them are the
theories of spontaneous generation, the Meteoedtmory and the creation
theory, but the theory most widely accepted aremilby the Russian bio-
chemical scientist Operin. According to Operin lda earth originated in
three stages—(i) Physical evolution, (ii)) Chemieablution, (iii) Biological
evolution.
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The earth was a ball of fire about five billionsaye ago. Whatever
there was in its atmosphere all were in the forrmefe elements. After the
earth cooled down the existing elements formed soampounds which
contained carbohydrates. These complex carbohylragy be taken as
equivalent to the chemical compounds found in sormeses. These
carbohydrates possessed the capacity for spontangemeration. Then
owing to mutation, there occurred some changesamtand there came into
free chromosomes, that are found in some bactet@s With
chromosomes coming in to existence took shape ofradimentary cell
nucleolus through complex structuring. Characterisic of j va appeared
for the first time in these cell prototypes.The entire process spanned a
period of near about one billion years. Thus, ¢iééne into existence on the
earth nearly four billion years ago.

There have been numerous experiments to provetsti€perin's
hypothesis. Stanley miller, Yuri, Calvin and Foxestist tried, through
separate experiments, to prove operins theory efatal evolution of life.
They succeeded in producing the structural compsneh cell in their
experiments in the laboratory under high tempeeatund high voltage. This
confirmed Operin's hypothes8 Through experiments in genetics it was
possible to show evolution in the laboratory. Segperimental evidences
could be achieved in the field of animals and plargeding. Through a
cross breeding between two species of a living demmes into beings a
totally new living creature. For instance crossediiag between a horse and
a donkey produces a mule. The same way, througds dneeeding between
goat and sheep comes into being bhakari, one agag desired variations
also at will. Bull dogs and alsesion etc., dogsgoed examples of such a
artificial evolution. Various species of multicolad roses available today
are also examples of artificial breedirihus we can bring out novelties
and variations among plants and creatures throughross-breeding with
choice.

Reproduction

Living organisms perpetuate their species from geeeration to
another through reproduction. It is precise dupiccaand transmission of
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characteristics from parents to offsprings. In tlewver organisms,

reproduction is often a simple matter of divisiohcells. In human and
higher organisms, sex comes into operation, remtimlu requires two

parents; a male and a female, redroductive cealld gametes, which are
produced in the reproductive organs of both serxesecial variant of cell.
The female gamete is called ovum or egg and the maiete is called
sperm. Meiosis is a special process of cell-divisand takes place in
reproductive organs. It is a sequence of two dwisi In the first division,

each daughter cell receives only one pair of hogmls chromosomes.
Thus, in meiosis, daughter cells differ in theitssef genetic information

both from each other and from the original €2ll.

Human reproduction is common with that of most aiiffi is
accomplished sexuality by the union of specialigathetes-ovums or eggs
produced by the female and sperm produced by the%h& man and
woman combine in cohabitation in a cunnus (jonia] there they deposit
homours ¢neha ). There in, is born the soul of different nfarChat is to
say "all the parts of the complicated reproducsystem in both sexes, as
well as various physiologic and psychologic phenoanagssociated with sex,
have just one purpose to insule the successfulhunmidhe egg and sperm,
and the subsequent development of the fertilizedietp a new individual."

Transmission of genetic information

According to biology living organism is qualitiveljistinct from the
non-living matter. Functioning of former is govedndy some unique
biological laws. The essence of living organismthe set of principles
determining the transmission of genetic informatimm one generation to
next. Living organisms are composed of the same-stdtaents as the rest
of earth, but it possesses, besides free which is characteristic of life,
all of the following attributes : organization, exdatability, conductivity,
contractivity, metabolism, growth and reproduction. One or more of
these but not all, may be possessed also by nimg Inaatter.
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Reference standards

Every living organism acts in a directed way, eaxdments of its life,
this is because the highly stable DNA moleculese ginstructions and
information indicating what to do. For humans, fiastions of thegenes
provide, during embryonic development, the systémeference standards
at which to aim, e.g. the cells of the hypothalareasure that the right
amount of food and drink are taken and the right@m is incorporated to
allow the body to grow to its proper sizé€hroughout life, the genes
continue giving instructions to the cells as to howo select the right
chemical action to fare the eventualities that arékely to cause the body
to disintegrate. The information is embodied in arenormous long string
described as genetic code, provided by the sequesad three nucleotide
bases.The reference standards in our brains influencevants and desires,
our satisfactions and revulsions, our longings andfears. The causes of
actions of a given man will include not only alethbove variables but also
his free will®*

Inheritance of physical traits

The study of some evidence in Jaina works suggdsis the
development of each organ of body is regulated layge number ofjenes
(units of inheritance). The age at which a paricgleneexpresses itself
phenotypically may vary widely as is suggested d&y dasas(stages) of
human life??

The inheritance of mental ability or intelligence one of the most
important, yet one of the most difficult problems lmiman genetics as
indicated by biology?® The reference to the act in the Jaina works that t
mental capacities of people form a continuous sdriem idiot (manda or
jada) to genius (man). Suggests that intelligence is inherited by aeps
of polygenes. The term 'polygenic inheritance' aitiple factor inheritance
is applied with two or more independent pairs inaadictive fashion i.e.
skin colour in ma brought about bykarma® Other evidence substitute
this hypothesis i.e. polygence and skin colour eaninot be separated into
distinct alternate classes, and are not inherited Bingle pair ofjenes®
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According to modern biology "the inheritance of bee mindedness
(ma data or jadata or balatva) is due to a single sdcegene®’

It is now evident that the inheritance of mentaledeis much more
complex. Feeble mindedness may be caused by diftaseby other
environment factors but "the majority of cases due to inheritanc&
According to biology "special abilities musical,tistic, mechanical and
mathematical have a hereditary basis and theiritaimee is separate from
that of general intelligenc® Some of the phenomenas in human heritance
have been observed by the Jaimgcs, some principles apply to the
inheritance of human trait as are suggested bgttiy of Jaina biology and
dasada s (ten stages of life)’* Most characteristi¢¥ develop long before
birth, but some, such as, hair and eye colour®tmay not appear until
shortly after birth. Some such as amaurotic idifiiatvaor mandatvy'®*
becomes evident in early childhood and still othsush as cough, phlegam,
banding of the body, feeble sense organs'tdevelop only after the
individual has reached maturity.

Sex determination

Sex is of two types, male is characterized by XYoofbsomes
constitution, secondary sex characters are mascubice, muscular body
with beard and moustache in mates, with male sepans like penis,
testicles etc. The female has XX chromosome catitit, secondary sex
character like Mamolry glands meant to nuse théddssured a different
modulation in civilized society, feminine voice,tfat hips, sex organs
ovaries, uterus, vagina etsex is determined at the time of fertilization.
Two types of gametes are produced by males in tedBs i.e. gametes
with X chromosome and gametes with Y chromosome.

Female produces one type of egg (ova) with X carigtin. When egg
is fertilized by X chromosome sperm, it is femal¥ Xr if it fertilized by Y
chromosome sperm, it will be male XY.

Ova Sperm Zygotes after fertilization
X + X XX—female
X + Y XY—male
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A child is a product of fusion of two cells from wan and man.
Woman produces cells called ova from ovaries and rmpaoduces
spermatozoa from testicl&¥.

Genes—hereditary factors

It appears from the study of organization of bodmsplants and
animals from the finest plants to higher plants #man the finest earth
guadrates to man as revealed in faa gamasthat the bodies of all
plants and animals are composed of cells and 8s&UBut there is found
no clear analytical study of cells and tissueslah{s and animals in Jaina
biology as they are treated in modern biology. Nmlls can come into
being only by division of previously existing cels indicated below in
Jaina gams—A single fertilized egg Kalala) develops gradually into a
many celled or five-celled embrygpdnca pindap by the process of
cleavage, indicating that the egg cell splits and#és, out of fivepindas
arms, legs and head come into beiffg.

According to modern biology "the cell is the fundamntal unit of both
function and structure—the fundamental unit thawvehall the characteristic
of living things'®® Modern biology explains that a single cell, if g#a in
proper environment, will grow and eventually beided to form two
cells!*® The cells of different plants and animals and iffetent organs
within a single plant or animals as found in Jaimalogy appear to be
different variety of sizes, shapes, colours andrimdl structures etc. as the
sizes etc. of their bodies indicate, but all haegain features in commd:
All nutrients fasaor snehd entering the celt$? and waste produckifala)
leaving it*® must past through some membrane, a living funatigart of
the cell, extremely important in regulating its tamts. According to modern
biology this membrane is called plasma membranechviiegulates the
contents of the cett*

The statement idaina gamasthat "themat -a gas(mother's limbs)"
received and passed by the child are flesh, blowt laain and thepit -
a gasare his bone, marrow, hair, beard and hairs obdog > Each of the
cell of the body of the child contains nucleustaaB spherical or oval body
usually as explained by modern bioldtfyan important centre of control
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which contains the hereditary factogefie¥ responsible for the traits of the
organism and directs many aspects of cellular #gtiihe activities of
pary pti provide the energy for the growth and developnmanbrganic
system and cells may be thought of as energy tuemesd that convert the
chemical energy and food stuff into the variousrf®iof energy required for
their activities®” According to Modern biology "such energy
transformations are the most fundamental procestdising cells™*® All
forms of energy are at least partially inter-comibde and living organisms
are constantly transforming one kind of energy emother*

Scientists Galton was correct about the signifieaoicthe two types
of twins. Identical twins develop from a singletiézed egg and therefore
one exact replicates. Fraternal twins grow fromasaie egg and are only as
genetically similar as ordinary siblings. Thus bymparing the
resemblances and differences between identicalsiwraternal twins and
unrelated individuals, it is possible to calculatav much of a difference in
a trait is caused by inherited factors igenes This is known as
heritability}?° According to the theory that we are products of our
environment.*?!

ORGANIZATION OF THE CELL

To know about the types gknesfirst, we shall have to understand
biology of cell of structure. Each of 100 trilliaells in the human being is a
living structure that can survive indefinitely aimdmost instances, can even
reproduce itself, provided it's surrounding fluid®ntain appropriate
nutrients. To understand the function of the orgamd other structures of
the body it is essential that first understandidasic organization of the cell
and functions of its components parts.

To summarize the body is actually a social ordestadut 100 trillion
cells organized into different functional structymovides its share in the
maintenance of homeostatic conditions in the esé&l&ular fluid, which is
called the internal environment, the cells of tleely continue to leave and
function properly. Thus each cell benefits from lemstatic, and in turn each
cell contributes its share towards the maintenamicéhomeostatic. This
reciprocal interplay provides continuous automatiaf the body until one
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or more functional system lose their ability to tdute their share of
function. When this happens, all the cells of thmyb suffer. Extreme
dysfunction leads to death, where as moderate dgsfin leads to
sickness?®

Cells are highly organized units of molecules and acromolecules
in which chemical reactions are carried out that tgether produce a
unique property we define as life Another unifying principle in biology is
the overall composition of cells which regardlesdype and function are
basically the same. Thus the unitary concept itogyis that all organisms
are related to one another and have evolved framestommon ancestor.
Any cell except red blood cells contain a centradnpinent nucleus and
cytoplasm (fig. 5).The nucleus controls the cellular factory like the
board of director.

(a) Cell size

Human egg x 100 = 0.1 mm.

Human egg : Amoeba = 100 microns.
Sea urchin egg = 70 microns.

Liver cell = 20 microns.

RBC = 7 microns.
Typhoid bacillus = 2.4 x 0.5 microns.
Influenza bacillus = 0.5x0.2 microns.
Small leukocyte = 3 to 3 microns.

(b) Cell diameter—It varies as a square of its metaolism.
Three factors govern the size of cells :

()  Nucleus cytoplasm ratio

(i)  Ratio of cell surface area to cell volume.

(i) Rate of cellular activity.

When a cell enlarges, the surface area of the usi@deross which an
interchange of material must pass increases ontlgeasquare of cell radius
(area of sphere 3.1%rwhile the cell volume increases as the cube bf ce
volume 3.14r. A disproportionate increase of cyasph will put the cell out
of metabolic kilter. The nucleus can increase udase area by changing
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shape or doubting the chromosome number. Air wlgohtains 20%
oxygen, supplies the center of cell of 0.1 mm ianakter with sufficient
oxygen to maintain metabolism.

(c) Chemical nature of cell-The abundant elements in the
biological molecules are :

C = carbon

H = hydrogen

N = nitrogen

O = oxygen

P = phosphorus
S = sulphur

The trace elements needed for all cells to funcian:
Na = sodium
K = potassium
Ca = calcium
Mg = magnesium
Mn = manganese

Fe =iron
Co = cobalt
Cu = copper
Zn = zinc
Cl = chliride

Trace elements needed for some cells are :

B = boron
F = fluorine
Si = silicon

V = vanadium

Cr = chromium

Se = selenium

Mo = molybdenum

| = jodinel®*
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A typical cell as seen
by the light microscope |
illustrated in fig. 6*° Its
two major parts are th
nucleus and cytoplasm. The
nucleus is separated from
the cytoplasm by a nuclear

membrane, and the
cytoplasm is separated from Fig. 6 : Structure of the cell as seen with the
the surrounding fluids by a light microscope

cell membrane. The different substances that magethe cell are
collectively called protoplasm. Protoplasm is cosgmb mainly of five basic
substances—water, electrolytes (minerals), proteiifgds (fats) and
carbohydrates.

(i) Water—The principal fluid medium of the cell is water, wah is
present in a concentration of between 70 and 85&tmyMellular chemicals
are dissolved in the water, whereas others areesdsg in particulate or
membranous form. Chemical reactions take place gmtbe dissolved
chemicals or at the surface boundaries betweesubpended particles or
membranes and the water.

(i) Electrolytes (mineral)—The most important electrolytes in the
cell are potassium, magnesium, phosphate, sulpbet&;bonate and small
guantities of sodium, chloride and calcium. Thecetdytes provide
inorganic chemicals for cellular reactions and thee necessary for
operation of some of the cellular control mechasisrior instance,
electrolytes acting or cell membrane allow transiois of electrochemical
impulses in nerve and muscle fibers, and the iog¢thdar electrolytes
determine the activity of different enzymaticallgtalyze reactions that are
necessary for cellular metabolism.
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(i) Proteins—Next to water the most abundant substance in most
cells is proteins, which normally constitute 1020% of the cell mass.
These can be divided into two different types :

(1) Structural proteins

(2) Globular proteins.

(1) Structural proteins : To get an idea of what is meant by
structural proteins, one needs to note that leashewmposed principally of
structural proteins and that hair is almost entiral structural protein.
Proteins of this type are present in the cell mfttrm of long time filaments
that themselves are polymers of many protein médscuThe most
prominent use of such intracellular filament ispvide the contractile
mechanism of all muscles.

(2) Globular proteins : The globular proteins on the other hand, are
an entirely different type of proteins, composedially of individual
protein molecules or at most aggregates of a feweecntes in a globular
form rather than in a fibrillar form. These protiare mainly the enzymes
of the cell and in contrast to the fibrillar protsj are often soluble in the
fluid of the cell or are integral parts of or add®r to memberanous
structures inside the cell and catalyze chemicattrens. For instance, the
chemical reactions that split glucose into its conmgnt parts and then
combine these with oxygen to form carbon-di-oxide avater, while at the
same time providing energy for cellular functiore aatalyzed by a series of
protein enzymes.

(iv) Lipids (fats)—Lipids are several different types of substances
that are grouped together because of their commupepy of being soluble
in fat solvents. The most important lipids in moslis are phospholipids and
cholesterol, which constitute to about 2 percertiheftotal cell of mass. The
special importance of phospholipids and cholestertthat they are mainly
insoluble in water and therefore are used to foramivranous barriers that
separate the different intracellular components.
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In addition to the phospholips and cholesterol, esarells contain
large quantities of triglycerides, also called mautat. In the so called fat
cells, triglycerides often account for as much ag8rcent of the cell mass.
The fat stored in these cells represents the boagis store house of energy
giving nutrient that can later be dissoluted anedusr energy where even in
the body it is needed.

(v) Carbohydrates—In general, carbohydrates have very little
structural function in the cell except as part dfcgprotein molecules,
but they play a major role in nutrition of the cdlllost human cells do
not maintain large stores of carbohydrates, usuallgraging about 1%
of their total mass. However, carbohydrate in tbemf of glucose, is

always present in the surrounding extra cellulardflso that it is readily

available!?®

Physical Structure of the cell

The cell is not merely a bag of fluid
enzymes and chemicals, it also conta
highly organized physical structures, m
of which are called organelles, and t
physical nature of each of these is equg
as important to the function of cell as tl
cell's chemical constituents. For instan
without one of the organelles, th
mitochondria, more than 95 percent of t
?nergy. supply ~ of .CeI.I would  ceas Fig. 7 : Reconstruction of a
immediately. Some principal organelles typical cell, showing the
structure of cell are illustrated in figure'7. internal organelles in the
Including the cell membrane, nuclel SYtoPlasmand in the nucleus
membrane, endoplasmic reticulum, Golgi apparatusiocmondria,
lysosomes and centrioles.
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(i) Comparison of the animal cell with precellularforms of life
Many of us think of the cell ag

the lowest level of life. However th

D

cell is a very complicated organism,
which requires many million years
to develop after the earliest form of
life, an organism similar to the
present day virus first appeared on
earth. Fig. 8?%lllustrate the relative
sizes of the smallest known virus,

D

) ) ) . Fig. 8 : Comparison of sizes of
large virus, a rickettsia, a bacterium precellular organisms with that of the

and a nucleated cell. Showing that 2average cell inthe human body.

the cell has a diameter about 1000 times that efsthallest virus and,

therefore, a volume about one billion times that tbé smallest virus.
Corresponding, the functions and the anatomicamaation of the cell are
also far more complex than those of virus withautlaus.

The essential life giving constituents of very smilvirus is a
nucleic acid embeded in a coat of protein but withat nucleus. This
nucleic acid is composed of the same basic conséhis (DNA and RNA)
as found in mammalian cells, and it is capable ofeproducing itself if
appropriate conditions are available. Thus, the vius is capable of
propagating its linkage from generation to generatn and, therefore, is
a living structure in the same way that the cell ad the human beings
the living structures.

As life evolved other chemical besides nucleic aadl specialized
function begin to develop in different parts of thigus. A membrane
formed around the various, and inside the membeameatrix appeared,
specialized chemicals develop inside the matrpeidorm special functions,
many protein enzymes appeared, which are capaldatalyzing chemical
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reactions, and therefore, of determining the oigyats activities. In still later
stages particularly in the rickettsial and bacterstiages, organelles
developed inside the organism, representing phlysinactures of chemical
aggregates that perform functions in a more efficmanner that can be
achieved by dispersed chemicals throughout thd fhatrix. Finally, in the

nucleated cell, still more complex organelles depetl, the most important
of which is the nucleus itself. The nucleus distiishes this type of cell
from all lower forms of life, this structure prowd a control centre for all
cellular activities, and it provides for exact reguction of new cells

generation after generation, each new cell havisgedially the same
structure as its proginitor.

(i) Cell membrane—Essentially all organelles of the cell are liked by
membranes composed primarily of lipids and proteiffsese membranes
include the cell membrane, the nuclear membrare,niembrane of the
endoplasmic reticulum, and the membranes of mitoedha, lysosomes,
golgi apparatus as well as still others. The limfithe membranes provide a
barrier that prevents free movement of water antemsoluble substances
from one cell compartment to other. The proteineunoles in the membrane,
on the other hand, often penetrate all the wayutinathe membrane. Also
many of the membrane proteins are enzymes thalyzata multitude of
different chemical reactions.

The cell membrane which completely envelopes the isea very
thin, elastic structure only 7.5 to 10 nanometdéiskt It is composed of
proteins and lipids. The approximate composition is

Proteins = 55%
Phospholipids = 25%
Cholesterol = 13%
Other lipids = 4%

Carbohydrates = 3%
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Fig. 9 : Structure of the cell membrane, showing tht it is composed mainly from
a lipid bilayer but with large members of protein molecules protruding through
the layer. Also, carbohydrate moieties are attachetb the protein molucules on
the outside of the membrane an Additional protein roleculeson the inside. (from
I. adish and Rothman. The assembly of cell membrasé&ci. Am, 240.48, 1979 ©
1979 b Scientific American, Inc. All rights reservd.)

(i) Cytoplasm—The cytoplasm is filled with both minute and large
dispersed particles and organelles ranging infstra a few nomometers to
many micrometers. The clear fluid portion of cyesh in which the
particles are dispersed is called cytosol. Thistmos many dissolved
proteins, electrolytes, glucose and minute quastitif lipid compounds.

The portion of cytoplasm
immediately beneath the cell membrane
frequently contains interwoven net of
microfilaments composed mainly of act|n
fibrillae. These provide a semi solid gg
like support for the cell membrane. This
zone of cytoplasm is called the
etcoplasm. Dispersed int he cytoplasm
are neutral fat globules, glycogen
graunules, ribosomes, secretory granules,

Fig. 5 : Structure of Cell
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and five especially important organelles, the etainpic reticulum, the
golgi apparatus the mitochondria, the lysosomespanoxisomes.

(iv) Endoplasmic Reticulum—Figure 7 illustrates in the cytoplasm a
network of tubular and flat vesicular structuredleca the endoplasmic
reticulum. The tubules and vesicles all intercohmeth each other. Also their
walls are constructed of lipid bilayer membranestaioing large amount of
proteins, similar to the cell membrane.

(v) Ribosomes—Attached to the outer surface of many parts of the
endoplasmic reticulum are large numbers of smalhgjar particles called
ribosomes, where these are present. The ribosame®mposed of a mixture
of ribonucleic acid (RNA) and proteins and theydiion in the synthesis of
protein in the cells.

(vi) Golgi apparatus—The golgi apparatus, illustrated in fig.'t0is
enclosed related to the endoplasmic reticulumast imélembranes similar to
those of the angular endoplasmic reticulum. Itsigally composed of four or
more stacked layers of thin, flat enclosed vesilgleg) near the nucleus.

The golgi apparatus
functions in association witl
the endoplasmic reticulum.
As lllustrated in the above
figure 10, small "transport
vesicles" also callec
endoplasmic reticulun
vesicles or simply ER
vesicles, continually pinch
off from the endoplasmig
reticulum and shortly Fig. 10 : A typical Golgi apparatus and its relatimship to
thereafter fuse with the the endoplasmic reticulum and the nucleus.
golgi appratus. In this way, substances are tratesppdrom the endoplasmic
reticulum to golgi apparatus. The transported sunusts are then processed
in golgi apparatus to form lysosomes, secretariclessor other cytoplasmic
components.

|74
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(vii) Lysosomes—tysosomes are vesicular organellers formed by the
golgi apparatus that then become dispersed thraufpeucytoplasm. The
lysosomes provide an intracellular digestive systahallows the cell to digest
and thereby remove the unwanted substances arddusés, especially the
damaged or foreign structures such as bacteridy$bsomes illustrated in fig. 7.

(viii) Mitochondria— The mitochondria are called the "power
houses" of the cell, without them, cells would In@lie to extract significant
amounts of energy from the nutrients and oxygeml, @& a consequence
essentially all cellular functions would cease. ilsstrated in the cell of
figure 7, these organelles are present in essinadll proportions of the
cytoplasm. Mitochondria are concentrated in thozetigns of cell that are
responsible for the major share of its energy nudisin.

Mitochondria are self replicate, which means tha¢ aitochondrion
can form a second one, a third one and so on, wienlkere is need in the
cell for increased amounts of ATP. In deed the amitmdria contain de-oxy-
ribo-nucleic acid (DNA). Similar to that found ihé& nucleus. DNA is the
basic substance of the nucleus that controls adjglicof the cell. This substance
plays a similar role in the mitochondrion replioatiprocess. Many proteins and
lipids that have already been formed in the cywplare incorporated into the
mitochondria as they enlarge and bud off to form métochondria-*°

(iX) Nucleus—The nucleus is the control center of the cell. Brithe
nucleus contains large quantities@NA which we have calledgenesfor
many years. Th@enesdetermine
the characteristics of the prote|n
enzymes of the cytoplasm and In
this way control cytoplasmig
activities. They also contro|
reproduction, the genes first
reproduce themselves and after
this the cell splits by a specia
process called mitosis to form twa
daughter cells, each of which receives one ofwesets ofjenes

Fig. 11 (a) : Structure of the nucleus
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Fig. 11 (a) illustrates the light microscopic appeae of the interphase
nucleus (period between mitosis) showing darkhinstg chromatin material
throughout the nucleoplasm. During mitosis, the oofwtin material
becomes readily identifiable as the highly struetbichromosomes.

(xX) Nuclear membrane (envelop)—Fhe nuclear envelop is
frequently called the nuclear membrane. Howevaes, actually two separate
membranes, one inside the other. The outer memimaatinuous with the
endoplasmic reticulum, and the space between thentwlear membrane is
also continuous with the compartment inside theopfasmic reticulum.

Functions of different parts of the cells

S.No. Cell Component Function

01. Cell Walls (i) It protects the protoplast fromjuries.
(i) Provides definite shape to the cell.
(iii) It provides rigidity and strength to the

cell.

02. Plasma membrane It is differentially permeaibdanbrane
through which translocation of material
occurs.

03. Cytoplasm It is the executive centre of théuta
functions.

04. Hyaloplasm or matrix It contains substancesearaymes for

the biochemical processes.

05. Cytoplasmic Organelles

(a) Plastids (In plants | (i) Photo synthesis

only) (i) Storage of pigments, starch and some
other cellular products.

(b) Mitochondria () Completion of Kreb's cycle.
(i) Synthesis of ATP—the energy rich
compound.
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(iif) Electron transport chain.
(iv) B-oxydation of fatti acids.

(c) Golgi complex (i) Storage of synthesis proseamd
enzymes.
(i) Secretion of certain susbtances.
(d) Endoplasmic (i) Acts as ultra structural skeletal
reticulum framework in the cell.

(i) Provides increased surface for the
various enzymatic activities, which
normally occur at a cross membrane
surface.

(iii) Transports extra cellular and intra
cellular molecules.

(iv) Forms nuclear envelop at the
telophase.

(e) Microsomes The ribosome particles attacheatido
membranes of endoplasmic reticulum and
microsomes are the main sites for protein
synthesis in the cell.

() Ribosomes () These are the sites for prosgimhesis
in the cell.
(g) Lysosome (i) Acts as the store house for aberrof

hydrolysing enzymes which help in the
digestion of intracellular particles.

(i) Destroys bacteria and other foreign
bodies inside the cell.

(h) Microbodies (i) Contain enzymes for hydrogen
peroxide for metabolism, purine

metabolism, gluconogenesis and phota
respiration.
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(i) Microtubules (i) Transportation water and simal
molecules of various substances.

(i) From structural units of centrioles,
base grounds, cilia and flagella and
mitotic spindles.

(iii) Help in cytoplasmic movement.

(j) Centrosome The contrioles form the spindle hade
significant role in the movement of
chromosomes during nuclear division.

(k) Flagella & cilia These are extra cellular matjons which
help in the movement of cell.
6. Vacuoless (i) Act as asmoregularly structurethen
cell.

(if) Act as storage depots for excess water
products, pigments etc.
(iii) Acts as excretory structures.

7. Nucleus It is the controlling centre for all tigal

functions of the cell.

(@) Nucleus envelop It provides active continwfyground
plasm between nucleus and cytoplasm

(b) Nucleoplasm It contains material for the synthesis of

(c) Chromatic reticulum| nucleic acids. These are bearers of the

and chromosomes hereditary instructions and for the
regulation of cellular processes.

(d) Nucleolus () It disappears during nuclearnslon
and forms matrix sheath around the
chromosomes.

(i) Acts as a store house for ribosomal
proteins and ribosomal RNA.
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(a) Difference between plant cell and animal cell :

S. No. Plant Cell Animal Cell

01. Presence of cellulosic cell walNo cell wall of cellulose presnet

02. Presence of large vacuoles. Vacuoles in amualialand small

03. Plastids present in most cells.  Plastids abeeartimal cells
excepting some protozoa
(euglenae).

04. Centrioles absent in the plant Centrioles are common in all

cells excepting a few algae. | animal cells.

From the detailed study of different components oprotoplasma it
Is evident that each structure in the cell has to grform special vital
activity. Thus the cell is actually an exceedinglgomplex factory in which
a large number of chemical processes are going omsiltaneously. The
cytoplasm by virtue of its different organelles isegarded as execution
centre for metabolic processes, and the nucleus birtue of its genescan
be regarded as the regulating or controlling centref the cell***

Cell division
For growth cells have to be divided. In this pracdbey produce a
replica of their own. All cells in the body
except reproductive cells or germ cells
multiply by a process called mitosis. This
process is discernible into four stages|as
follows—

(a) Mitosis—

()] Interphase—Where DNA has
duplicated, chromatin materigl
condenses.

(i)  Prophase—Chromosomes seep
as coils. Nuclear membrane and
nucleolus disappear. The sister
chromatids lie side by side. Fig. 11 (b) : Mitosis

Chapter 2 94



Sohan Raj Tater Hoeence OKarmaAnd The Science Of Genetics

(i) Metaphase—Chromosomes appear as rod like bodies with the
centromere arranged on the equatorial plate attidhe two
spindle poles.

(iv) Anaphase—Disjunction occurs, each chromatid is pulled toegol

(v) Telophase—Chromatids decendensed spindle fibres disintegrate.
The nuclear membrane forms and cell division begins

With the usual type of cell division or mitosis theumber of
chromosomes in daughter cells remain constant.

(b) Meosis—n the germ cells,
there is another type of division called
meosis which reduces the number of
chromosomes, since the chromosome
numbers should remain constant even after
fusion of egg from female and spermatozoa
from the male.

The division sequence is as follows|:

(1) Prophase-I—Chromosome
threads visible (leptotene) homologous
chromosomes from mother and father pgair
(zygotene). When paining is completg;
chromosomes shorten by contractien
(pachytene). A logitudinal cleft can be seen inhepair of chromosome.
Thus, four chromotids of each kind are seen sidsithy (diplotene). Then
the non-sister chromotides separate, while sisternootides remain paired,
chromaotin crossing between non-sister chromotidsbeaseen.

Fig. 12 : Meiosi¢

(i) Metaphse-—As the centromeres are drawn to poles
chromosomes arrange on the metaphase plane.

(i) Anaphase-l—Paired chromosomes separate and migrate to
apposite poles. Daughter nuclei are formed.

The genetic material with division-l become fourldfo(2 x 2
homologous) and is distributed into four cells.
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(c) Significance of meosis-tis necessary to reduce the number
of chromosomes. Secondly it distributes the nondlogous chromosomes
at random leading to large number of possible caatimns of germ cells. In
human with 23 pairs chromosomes the number of plessombinations of
chromosomes in one germ cell € 2 83, 88, 608. The number of possible
combination in offspring of a given pair of pareig®™ x 2** and is further
highly enhanced by cossing over during the homalsgmaining-*?

Cell reproduction

Cell reproduction is another example of the pemgdniquitous role
that the DNA—qgenetic system plays in all life preges. Thgenesand their
regulatory mechanisms determine the growth charsits of the cells and
also when or whether these cells divide to form nells. In this waythe all
important genetic system controls each stage in thdevelopment of the
human being from the single cell fertilized ovum tahe whole functioning
body. Thus if there is any central theme to life tiis DNA-genetic systent

The life cycle of the cell

The life cycle of a cells is the
period of time from cell
reproduction to reproduction, when
mammalian cells are not inhibited
and are reproducing as rapidly as
they can, this life cycle lasts for 10
to 30 hrs. It is terminated by a series
of distinct physical events called
metosis that cause division of the
cell into two new daughter cells.
The events of mitosis are illustrated
in figure 11 (b)***

The actual state of mitosis,
however, lasts for Only about SUFig. 13 : Stages in the reproduction of the ce

minutes, so that more than 95 A B,andC, prophase; D, prometaphase; E,
metaphase; F, anaphase; G and H, telophase

percent of life cycle even of rapidly (rRedrawn from Mazia : How cells divide. Sci.

: ; Am., 205 : 102, 1961. © by Scientific
reproducmg cells is represented Dy American, Inc. All rights rgserved.)

1”4
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the interval between mitosis called interphasefalct, except in special
conditions of rapid cellular reproduction, inhilsjofactors almost always
slow or stop the uninhibited life cycle of the cdlherefore different cells of
the body have life cycle periods that vary fromlistde as 10 hrs. for
stimulated bone marrow cells to an entire life tiofehe human body for
nerve and striated muscle cells.

CHARACTERISTIC OF CHROMOSOMES
For understanding about life and functions of défe organs of body
it is a must to understand about characteristchodbmosomes.

What is chromosome

The basic structure of life is cell. The cell cantawhat is called
cytoplasm and nucleus. The cytoplasm contains the&chmery to
manufacture all the chemical ingredients to susthe processes of life.
Some cells aggregate to form tissues which aggedgabrm organs. These
organs eventually make the man. These are braswt, hengs, kidneys,
liver, pancreas, spleen, reproductive organs lkaries, uterus in females
and testicles and penis in males. Thus a human dgnstructed by a
diverse structure of tissues and organs with tisechanit of the cells. Thus
we see unity in diversity of life.

The cytoplasm contains
machinery to manufacture the
chemicals to maintain life. It contains
endoplasmic reticulum that contains

Fig. 14 : Chromosomes (Female Karyotypr

ribosome to process the information
transfer and mitochondria, the
power plants of cells that supply
energy. The nucleus contains r¢ Fig. 15 : Chromosomes (Male Karyotype
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like structure stainable with dyes called chromossnThese chromosomes
contain DNA, which is the store house of geneticdbrmation to be
transmitted from generation to generation. The im®mes occur in pairs
or in sets. In man and woman there are 23 pairse®are called autosomes
and one pair which determines the sex of child.s€henromosomes are
designated as XX in woman and XY in man (fig. 14-£8 Thus any male
will have chromosomal constitution of XY and fem3¥. Sex is primarily
determined by sex chromosomes X and Y at the tinfiertilization of egg.

Morphology of Chromosomes

The term chromosome refers to the deeply stainiNg\ [@ontaining
filamentous bodies observed in the dividing ceflaucleate organisms. The
chromosomes are nuclear components possessing alspecganic
individuality and functions. They beaenesor hereditary units and are
capable of reproducing themselves without involviagy change in
morphology and physiology at successive generatibhe chromosomes
can be reality stained with basic dyes. Such ais fashsin (fuelgen's stain)
carmine, haematoxyline, crystal violet etc.

The chromosomes are filamentous bodies found imtlcéeus and are
visible during cell divisionThey are linkage structures each consisting of
a linear sequence of genetic information ogenes The chromosomes of
prokaryotes and eukaryotes are essentially sinmlawo main activities—

()  They are concerned with transmission of genigticrmation from
cell to cell and generation to generation.

(i)  They are concerned with the ordered releasgeoktic information
to control cellular functions and developments.

They are auto duplicating structures of differdntamplexity in
eukaryorates and prokaryotes and their morphology @ganization are
organism specific. The chromosomes of prokaryotesganerally double
stranded circular DNA molecules but in some virbheyt may be single
stranded. In eukaryotes they present a complextsmei Most of the
chromosomes in a cell are called autosomes whiaty genesfor most of
the body characters.
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Besides there may be one, two or more chromosonmshvearry
genesfor determination of sex as well as for sex linlkob@dracter. They are
called sex chromosomes (as for example X chromosand Y
chromosome). The standards chromosomes forming cti®@mosome
complement of a cell are called A. In some speces or more extra
chromosomes are present in addition to A chromosoifigey are called B
chromosomes or super numerary chromosomes or acgess
chromosome&§®

Quantity of chromosomes in some animal cells

Cell of the body is provided with a pocket of genehaterial, the
nucleus, which contains chromosomes. Normally ladl individual of a
species have fixed number of chromosomes in thaiclen The
characteristic group of chromosomes in a cell mkep of its complement.
Generally the somatic cells of animal and highangd are diploid (i.e. they
have two sets of chromosomes 2n) while their gasnet®a rule, are haploid
as they contain only one set of chromosomes. Thabeu of chromosomes
present in gametes is referred to as haploid oetgenhromosome number
or 'n. In diploid organisms half of the chromosem& a nucleus are
contributed by the female gamete (maternal chrome$on the sexual
reproduction. The haploid set of chromosomes © lal®wn as genome.

(a) Table—Chromosome number of some animals

S. No. Name of animal Diploid chromosome number (3n
01. Paramecium 30-40

02. Hydra 32

03. Round worm 2

04. Solk worm 56

05. House fly 12

06. Fruit fly 8

07. Honey bee 32,16

08. Mosquito 6

09. Frog 26
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10. Chicken 78

11. Pigeon 80

12. Mouse 40

13. Rabbit 44

14. Common rat 42

15. Guinea pig 64

16. Dog 78

17. Cat 38

18. Horse 64

19. Pig 40

20. Goat 60

21. Chimpanzee 48
22. Man 46

S. No. Name of plant Diploid chromosome number (2n)
01. Chlamydomonas 10, 12, 16 (halpoid ser)
02. Bread mold 2

03. Yellow pine 24

04. Cabbage 18
05. Radish 18

06. Paraya 18

07. Cotton 52

08. Coffee 44

09. Sunflower 34

10. Potato 48

11. Tomato 24

12. Tobacco 48

13. Banana 22,44,55, 77, 88
14, Garden pea 14
15. Bean 22

16. Orange 18, 27, 36
17. Apple 34,51
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18. Indian corn 20
19. Barley 14

20. Bread wheat 42
21. Rice 20

22. Bajra 10, 20, 40
23. Sugarcane 80
24. Field bean 12
25. Onion 16

Genesand Chromosomes

The root of all inheritance is thegene In general ongeneencodes,
or makes, one protein, which in turn catalyzes brmehemical reaction.
Genesare so small they cannot easily be divided, sp tisially are passed
on intact from parent to chil@&Genesare found on long, threadlike molecules
called chromosomes, which are located with in theleus of the cell. An
average human chromosome, containing abut 4@0f@s is large enough
that it can be seen with a light microscope.

Humans have two copies of each chromosome. One ewaileach
pair is inherited from the mother, the other frdma father. Each person has
twenty three pairs of chromosomes : twenty twoai#lled autosomes and
one pair of sex chromosomes. The two numbers df pat of autosomes
are virtually identical; looking in the microscopeis impossible to tell
which was derived from the mother and which from fhther. The two sex
chromosomes known as "X" and "Y" are noticeablyfedént from one
another; the X chromosome is relatively large amadglwhere as the Y
chromosomes is small and dumpgyen and women share almost the
same genetic make up, but males have an X and Y selkromosome,
while females have two copies of the X. The sex ah individual is
determined by the presence or absence of the Y chmmsome, not by the
number of X chromosomes.
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Fig. 16 shows the typical array of chromosomes doimthe blood
cells of a make, in this case a gay man. The chsomes have been
arranged into a karyotype, or a portrait of theoalmwsomes in order of size.
Almost every cell in the
body contains the same s
of forty six chromosomeg
and thus the same genet
information, so each tiny
cell contains all the
information needed by
the entire body. To make
an analogy, eact
chromosome forms a singl
volume of a personalizes

set of encyclopaedia
Fig. 16 : A Male Karyotype

containing everythmg A typical male Kkaryotype, or arangement ol
necessary to be humal chromosomes according to size, in this case of ay

man. The chromosomes are arranged in order of siz
The genes are like the| The inset shows how the chromosomes were arrang

individual articles found in| /hen the cell was opened.

each encyclopaedia.

Chromosomes from male and female come togethengleonception,

when a sperm cell fertilizes an ovu8perm and ova are special type of
cells, called germ cells that contain only one comf each chromosome,
instead of two.Only one of each pair of chromosomes—either thee on
herited from the mother or the one from the fathear-end up in a germ
cell, and the selection is determined purely bynckaduring a process called
meiosis. Chance also dictates which of a large murabsperm cells with
fuse with a particular ovum to form a fertilizedgegell. Once conception
occurs and the male and female chromosomes haygedall the cells in
the new human will be almost exact copies of thgimal fertilized egg cell.
Thus the genetic composition of a human depends/onhrows of the dice,
the first during the formation of the germ cellslahe second at conception.
These two actions suffle the genetic informationhswoughly that a child
can have her father's nose and her mother's egetharmther traits that
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seem to be a combination of both parents physitaiacteristic or
characteristic that are 'gifts' from past generettd’
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