


Ea EVOLUTION in S|mp!e terms means ‘change in progressive
direction’, 'change with modification’ or ‘change and adaptation'.
S In genetic sense evolution refers to change in gene frequen-
= cies.

- /@UGH Darwin's theory of natural selection is generally
3 accepted as the first scientific theory of evolution, yet Charless
Darwin was not the first one to think on the lines of progres-
sion. Linnaeus (1707- 1778) in the elghteenth century, in his
Systema Naturse, for the first time, divided different plant and

and differences found in different species. In latter half of that
century, Cuvier (1769-1832), considered the father of

| £ compara‘Tlve anat omy, on the basis of the bones of extinct
= animals inferred that “Catastrophism” resulted in the destruction
% of old species and new ones came up. Hutton (1726-1797) in

&

his- The;oruﬂeﬁ[_fadh (1788) observed that the landmasse
of the earth were not static and they, because of
factors; keep changing. Lyell (1797-1875) i
Geology amply convinced the research
. of the earth’s crust. -

P AMARCK'S theory of evolution thr
later) received wide acclaim :
explained the process of evol

@

J
I
‘

nE(des cribed
who firmly
ural Selectién.

T

. T e

3 LAM
LAMARCK synthesised vg
organic evolution into a thy
T ~ result of constant striving:]
= 7 perlect adaptation 1o th
W . 'Eeheved that Tiving bei
of life", were capable ofbi
&3 in their own_physiolog
life time, ‘and- that
and thus passed -on
diversity of life forms
gradual changes over:

about; "In Short, all
ternal forces of life™

glves rise to and malntam
- "ol a_new- organ in- Ilvm bem

Ihe development of organs and the
~arg constantly.in ratio-to the emp loyment of {Hes

in other words, use of an organ leads 1o its g’rowt
t ol s disuse. Jeads 10 1ts. degenération. -
(|v) Everythmg whic

changed in the organisation of individuals during_the

to the next generation.
THOUGH all four of Lamarck's laws aré- very controverSIal it is
about the last 'law’ that the confroversy rages strongest, for it
upholds the idea that acquired characters are_inherited, new
known as the Lamarckian doctrine.
A SOMEWHAT more specific statemen( of Lamarck’s theory of
evolution may be summed up in- “the following list of factors
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~animal species into various groups based on the similarities -

35 been acquifed, impressed” ipon, or'

course of their life is preserved by heredlty and transmmed ]
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BIOLOGICAL EVOLUTION

which he consideéred as playing an esséntial rolé in evélution,
(l) Favourable Circumstances : attending changes of
environment, soil, food, temperature etc.; supposed to.
act directly in the case of plants, 1nd|rect|y in the case of
animals and man.
Needs : new physical wants or necessities induced by
the changed conditions~o amarck believed that
change of habit may lead to the onglnatlon or modification
of organs; that the changes &F function aiso_modify or
create new organs. By changes of environment animals -
———beceme subjected-to-new- surroundings involving new
ways a and means of living.
_ iy Use 3nd Disuse : (Naturally) to use.an organ is to develop
it; not To_use 1tTs to eventually lose it.

./\L) Competmon Nature takes precautions not to -overcrowd
the earth. The stronger and larger living beings destroy
Hersmaller and weake e smaller multrply very rapidly,
zslowly. A physiological balance is majntained.

] of Acquired Characters”: The advantages
ndividual as™ FE result-of the structural
_use_or disyse are_banded down
,begin wtiere the “parent leaves
contmue the proqresswn or

.

n-any pecuhamy of form or
quired, the lnlelduals in-
will produce the same -

ce will- then be formed. -
dividuals .which have
form result |n the

ted b distance _of.
rom crosses would .
hich_distinguish_dif- - -

prg§sed in Lamarck’'s
es,_and is not applled

of . Lamark's’ theory...

g in_size. “Small animals,
arge. It is true that large
yall ones_but it is not
is present stage from small
M is not laways trug that smail
#ones, otherwise how .could we
e_dinosaurs. During the” course of
ound of what Lamarck envi;aged has

we. know today, do.pot appear in the way
ed by L - The need for 2 new organ canm not
~course. of evolution, otherwise man, right.from the . .

day ‘he became -Man; has been thinking of flying' blﬁ_hifisa

never developed wings.

~ LAMARCK'S third principle is only partially true. An anthlete can: .
develop "his’ leg ‘fmuscles by jodging.- If yéu "kéep thinking, you' - -

become wise but what if you run more than you can or tax your
brain beyond limit. In either case_you will he a looser.

LAST of the Lamarckian principles is_probably the funniest.
because it states that-acquired- charactTa,)rTz;'?_JnTﬁE?HEd We,
even in the day-today life, Tind THis Principle being rediculed. if a
person wh‘Q because of some accident, has to gef the Tegs

€. generatlons confined.. ... ........

nlsms Because of “le :
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T M) Heredity - THE tran

“amputated, he/she still bears normal children and not the

lame ones. Indian females have a two thousand year old
“tradition of piercing ears and nose for ornamentation but we
have never seen a child born with the holes in ears or nose.

This last principle of Lamarckism brought the :doom of
<tamarck’s theory. One basic _drawback of his theory—of

-+ ==gVolution s that it lacks any convincing evidence and data to
"HOWEVER; despite all these severe criticisms, Lamarck's

work still deserves to be commended. He gave his theory of

T organic evolution at a tme when even the utterance of the

. term_revolution” in a favourable.tone could be considered
rebellious. Lamarck _had to face social and academic
oslracism_for “déliberately misinterpreting the facis™_but his

“theog t terest in_the subject that lead to the
development of médern scientiiic theory on the subject.

e

“DARWINISM

DARWINISM. may be defined as a certain causg-mechanical
{hence not teleologic) explanation of the origin of new species.

and certain inductions from these facts. i

Observed Facts v
(i) THE increase by multiplication in ge
\,/ the individuals in evely species,. W
reproduction whicli Thay _De_peg
However, despite the very hi
organisms, their total numbgk

“~ generation after generatig

- (i} Variations .: THE alwgy
# “variation in form-a
individuals even thoug

variationsy by the’

and physiology-es;

- Inferred Facts &
© " §) A LACK of rool
produced by ‘ge

a «competition,
“individugals havin

e.g. those occupy

food or needing &

(i) THE p-robable'-'s?"

they have produced
(i) THE fact that these
the action: of heredity
advantageous conditions¥gE
least.. as the mode. or :

. condition among the off-spring:
THE competition "among individualS™ar
organisms may fairly be called. a stru
when it is active..and less ‘obvious when
- struggle, is, or may-be, . for-gach individual, three ot
(i) AN ACTIVE struggle or compefition wittr other individtra

ol

.. peculiar and-common to its species.

young for food and,

(i) AN ACTIVE (or more usually passive) struggle with the
-physico-chemical externat cenditians of the world it lives
in, such as varying temperature and humidity, storms

-and flood and natural catastrophes of all sorts.

The Darwinian explanation rests on certain observed facts,”

"L its own-Kind' for“space:-in-the. habitat, sufficient. shate-of -7 .
food, and opportunity to produce off-springs in the way’

7 (ii):AN ACTIVE:or passive struggle or competition with the.
individuals of other species which may need the same
space and food as itself or 'm;_ay‘ heed it or its eggs or
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Observed Facts
Individuals multiply in geo-metric

Inferred Facts

ratio. jyet number of 'survivors Struggle for existence

remains roughly constant ’

Variation and heredity _
e
Survival of the fittest and continued

Survival of the fittest natural
selection -
el .

Origin of new

changes in next generations. species
==

—"

SOMETIMES for any individual or group of individuals any of
these forms of struggle may be temporarily ameliorated,as in
1) the'intraspecific struggle among_the thoytmmonebee _
individuals Tiving together altruistically, in one hive or (i) the
inter-specific struggle, whn two species Jive together symbi-
otically as the hermit crab (Euplagurus) and sea-anemone
(Podocoryne) or_(iii). the struggle against untoward natural con-
ditions as in_special times or places of highly favourable
_climate, etc. On-the other hand, all forms of the struggle may
ZhS Aty

jezdtlive-and severe for certain_other individuals or groups of

ind that it is not just sunival itself which
2in the struggle for existence. The real
next generation”. Therefore, in the
oth on characteristics that make
that make for high fertility. In
Jfor existence, individuals
he next generation are the

itions is, according to
le. natural selection of

ymust die where some’

‘some’_individuals in
due tc the fortuitous
iferences (variations).
riations are extin-
€ opportunity for the
off-spring) of their

ry ‘in_their turn, but will -

dvantageous parenta
e. Selection. leads  ta -a
godification through the
and functions of the spe-
oward adaptation, toward

conditions. The exquisite. adap-

.safe confor { : -
: pctions of the apimal and plants, we

Sigh - the purely mechanical; inevitable weed- -

ecting by nature (by the environmental

detstining. of -what ‘may-and‘what may 'not-tive) through un-.

..counted generations in unreckonable. time. ; . -

- THIS is "Darwin’s: causo-mechanical theory’ to- explain the-. -.
transformation of species and the infinite variety of adaptive

. essential idea of Darwinism ‘atleast in-Darwinism as it is -held
“by the present day followers of Darwin. _
+——Crifical Appraisal of Darwinism” .
DARWIN'S theory of natural selection is based on large scale

observations spanning over several years. As it is based on
facts and inferences through the facts, Darwinism is credited

with being theg first scientiﬁc\theory of evolutiOI} Darwin was

fie body and its behaviour to™

finite-admiration “and- wonder has-all L

modification.- A regorous_automatic - Natural Selection is the." -
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T raits are passed on over generations ‘and heredity “tries to

" intelligent enough to use the terms like ‘struggle for existence’,
‘natural selection’, ‘survival of . eiC., which were quite in
vogue during his_times. Unlike his predecessors, he avoided

the use of a new terminology to explain evolution. Yet baséd on

facts though it was, Darwinism, 1 the lignt of modern scientific

researches) is found wanting in certaiii explanafions.
CREASE'!in geometric ion, as inferred by Darwin, is

not applicable to man. Many countries of the world today have

now stablized numbers or even have negative growth rate. Again,
for man, natural selection has {0 operate at a different level be-
cause man to an extent. has been able to control the negative
etfects of selection (for details please see: "Human Evolution - A
Perspective”). Similarly, cultural advances in man demand a
change in definition_of t

DARWIN insisted that natural_selection was good enough to

&~ explain the whole process of evolution. In_other words, he

ignored the conlribution of mutation, genetic_drift, inbreeding
~and _hybridization. As we will see later, these faclors loo are
very important for evolution to take place. At least the contribu-
tion of mutations (called 'sports’ in his times) was then known,
but Darwin insisted on thewm_g variations as the
cause of evolution. Today we know th
Darwinism) are: non-hefitable. He also did not dlstlngm h
between somatic afd genetic variations. Further, D

silent on the issue of the origin of these vaid

factors that lead such variations. it ha
clear that how small Variations could i

If for example, the earliest fish whg
only 0.1 mm of it, how could it
sessor compared to those wh
minute variation is of .any s
can not be explained witho,
evolution.
IMILARLY, a large nu
"'useless or ‘non-adaptiv
process of natural se
characters mentloned 2

:5&

E tlo

hypothetical structur:
the germ cells ‘becamd
only the genetic: mutal
are. not formed for the o

 he™hever acknowledged {
formation of his theory.
ACKNOWLEDGING the. pitfa
followers of -Darwin (called n

'evolutlonary processes.- Howev A
" “the core of this modified, theory.' The
Theory -has been desanea and analys

MICROEVOLUTION

EVOLUTION lsb reférred to as “&Hange in gene c'm
,._',convenlence changes in. gene . frequencies, Various heredl tar’

maintain whatever has been existing hithero. Heredity is static

But none of the so called heredltary tralts is abso|ute|y
hereditary.

GENES find their expression in envnronment There is always a
continuing interaction between hereditary features and
environment. Environment keeps changing. Different genes,
therefore to find their expression, have’to change. Recors are
available to show that the genes: who failed to change with
changing environment are eliminatedx Genes, to survive and

mall Variations (of

n:s:

and had’ heredlty been: omnipotent, there were no evoultion.
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spread, always keep adapting themselves and the resultant is«
evolution.

THE study of evolution has been divided into micro and macro
evolution {somé& biologists have created a thrid category of
megaevolution too which is not relevant for our purpose).
Microevolution refers to the change within the species. A species
is a group memebrs of which can potentially mate with each
other to produce fertile offsprings. Further, microevolutionary
changes are small-scale day-today changes that can be stud-
ied in living populations; whereas, microevolution results in
gross morphological alterations that can be studied only
through discontinuous populations. Man is one species
because any man can marry any woman {at least thecretically)
without threatening the existence of his race. Macroevolution
refers to the evolutiogary change that results in the formation of
a new species. The change from Homo erectus to Homo sapiens
should be called macroevolution. Mating between an ess and
a mare results in a mule which is not fertile. Horse and donkey,
therefore, belong to two different species and mule is the product
of macroevolution.

THIS dichotomy has been devised for our convenience,
otherwise there is no difference between micro and macro

_€ olutlon At least the nature does not distinguish between the

20

evolution continues and that too through varicus
Y, Processes.

not one process but is the aggregate of
2of different factors. These factors, called.
five in number are:

Inbeeding
ybridization -

and germinal. . Somatic’
body cells and are not
quential in evolution.
d into--chromesomal
bmal mutations lead
Their effects have
changés in chromo-

ions or géne muta- -
man. As genetic re-

er changes occur are 't_otally

SOMATIC  GERMINAL

CHROMOSOMAL POINT/GENE

nes which alter the .~

ad to any alternatron .

T demands ‘that :dre: being ‘made .~ -
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- The table given on previoug
- some of the human gene

. Aniridia Autosi

NEW traits app‘bar through

. .are:neither advantageous. nor

on the organism or its environmental experiences.

1T 1S due to the random nature of mutation that most mutations
frequently reduce the viability and fertility of their possessors.
They are almost always deletrious for the individual who
possess them) This is because the genetic material of all living
beings is already so "well tuned” for adaptation to their environ-
ment, that any random change.in it has a very high probability

of decreasing the "adaptive fitness" of the fiving being vis-a-vis

the prevailing environmental conditions.

THOUGH advantages mutations are definitely a rarity, however,
many mutations are neutral for the individual, that is they neither
confer any special advantage nor any disadvantage on their
possessor. Such mutations, though they do not confer any great
advantage on the individuals possessing them, are however
crucial for the tong term survival of the population or species.
Such mutations create a greater genetic variability in the gene
pool of the population, and this variability can be made use of

Vaid’'s/2012-13/ANE—4

analysis or (for lower species) in laboratary conditions. In the
case of man, dominant mutations can be recorded easily as
they instantly bring new phenotypes.

RECESSIVE mutations are, however, not easy to detect because
a recessive mutated gene has no phenotypic expression. Such
genes, as they have greater probability of expression by
becoming homozygotes through consanguinous marriages and

‘inbreeding, ‘can only. be studied in the small, inbread popula-

tions or consanguinous marraiges. Recessive X-linked
mutations can be studied easily because these express them-
selves in the descendant males only. We can, for example, be
almost sure that the Queen Victoria must have inherited the
gene for haemophilia through female line only as none of her
male ancestors contracted it while some of her male
descendants did. Though most mutations have phenotype ex-
pression too, those concerned with physiological systems and
metabolism do not produce any morphological alteration.

to help the population adapt better to thamedenvironmentat —MUTATIONS may be caused. by changes in temperatures,

conditions, if and when need arises. Higher the variability in
the gene pool of the population, greater will be its capacity to
withstand environmental change. Thus, though mutaticns are
almost ‘always deletious for the individual, yet they are
necessary for the population survival. It must be kept in mlnd
that ultimately it is the environment acting through
of natural selection, that decides whether a e
is harmful or not.

MUTATION may be spontaneous or g
have shown that only spontaneous
the angle of evolutioanry mechanis
permarnient change but a mutatgd
or thrid or even.a reverse
suddeft, the rate of change

a somewhat
dergo a second

K F%etmgblastom
Haemophilia A

ence to natural selection. The®

'natural selection to decide the imp
merit. In other word, whether traits ar

epends on the environment in which 1
Fhis—mplies. that increase in mutation rate fOR
_may . hotlead to the_ higher frequency of mutat&
-population _wnthout the generosity of natural selection.

for the natural selection to spread these mutated genes from
the individual to the whole population.

IT WAS earlier held that selection operates interms of survival, '

“but this is not true. Selection operates in terms ‘of fertlllty and
‘fecundity, i.e. the mutations that- are sélectively advantageous
spread faster because of greater fedility and fecundity of those
who possess the mutant gene. Contrarily, the genes which are
considered harmful are weeded oul-by the opposite or negative
action of selection. How fast a. gene will spread or be removed
depends on the extent of advantage or disadvantage conferred

iutation ‘as-a-process-occurs. in individuals and it is. .

chemicals and radiation, the most potent mutagenic agent being
the deep penetrating ionizing radiations (X-rays, gamma rays
etc.), cosmic rays with a wavelength of less than 10-8 cm, as
also the neutrons released in the nuclear reactors. Ameng the
chemlcals some aldehydes, nitrogenous compounds, acids,
d sulfure etc., can cause mutation. Changes in
a0t known to cause mutation in man but
2that radiations may cause mutation by the
emicals. It has also been seen that
se mutations only in the ceils on
, Chemicals that cause mutation
bcause in man chemicals are
y actually reach the cells.
re not specific for any
als are. Incidentally, mu-
ine of the genes. This is
ese could have been. .

which these
ln plants do not

tanding natral’seledtion
g action of all forces tending
ng-one genetic constitution
Bifsprings, than will individuals
constitution.
lection ‘is differential vuablllty and.
constitution. It acts essentially on -
metes only mdlrectly does it.-act on the =
fpes. If, however, an individual possesses -
r which.confers a great viability or fertility on-him

shall leave a lar
poss'essing, sg

P
controlling. this: character will,-be preferentlally represented- in.
the next generation In the gredter than average number ' of

_offsprings of the individuals concerned. We then speak of the

“individual -having a- -higher "Darwinjan fitness", of the character
bemg adaptive, and of natural selection bemg in favour of the
responsible genes or gene combinations. The gene can be
thought of as a unit of evolution, but the unit of selection is the
individual.

IT MUST be kept in mind that individual fitness is a relative
phenomenon, that is, some individuals are more fit than others.
One also needs to considers simultaneously the environment,

red. to other individuals of the popuiatitn, ‘then the genes"‘ S




“&2. . -Balancing selective fofces.

for an individual who is relatively fit in one environment may be
"~ relatively unfit in another, or a gene ‘that is selected for in one
environment may be selected against in another environment. It
is the environment which exerts the selective forces and pres-
sures, and through this, organisms get better adapted to the
enwronment in which they live.
NATURAL selection-may act in different ways. When it acts to
remove the unwanted genes, genotypes and phenotypes, it is
known as normalizing natural selection. Whenever there is
change in environment favouring a particular gene or genoytpe,
the selection strategy is called directional natural selection. This
is simply the copposite of normalizing selection, with selection
3 favouring certain genes and_genotypes rather than eliminating
N them What is seen from one viewpoint as selection in favour
of a new gene {1.e. directional selection) can also be seen as a
selection against its alternative allele (i.e. nomalizing selec-
— — tion)._Various plant and animal species, through directional
natural selection have survived in otherwise hostile changes in
environment. Adaptation in colour by wasps and bird species
as also the adaptation towards insecticides by insects results
because of changes in phenotype or genic changes in
" accordance with the changing environment. [In industrial areas,

dark coloured species (e.g. of moths) can escape predatlon,

and survive.] At times certain gene modifiers brir
variations in phenotypes with little effect on n
cogeerned. Both (normalizing and directi
selection results in the reduction ¢

variability. :

IN MANY species high proportlon
are maintained through balanci
genic and genotypic variabi

in a populatio

most important situation i
.. relatively advantageous @%

i

becomes relatively disadva

" fit *han either homozy
selection in man is si
“sible for the ' formatio
S0 i i
Bt ment e.g. in a large be
- in_selective surviva

persistant attatks of
HbA/HbA individuals. -
red_ cet_ls___that cause_

. .therefore, can not i sus
circumstances, heterozyg
because it provides resiste;
substantial damage to oxyg
the malarial environment of
percent HbA/HbS  surviving, adu
-both types of gene survive becau
conferred on -the heterozygote
polymorphism.
IT IS not always that the heterozygotes
_ favourable selection. A. cornmon. example [
_ heterozygotes is the Rh factor- whereby Rh+ve h
born to the’.Rh-ve. mothers are. selected out. throug
erythroblastos:s foetalis. Slmllarly, selection ‘against
heterozygotes in ABO and other blood groups is strong enough

0N
i

. May populatiohs
a have almost 10

on new mutations, heterozygotes and homozygotes lead us to
the inference that selection operates on mutation, hybridization
and inbreeding.

Evolution enigma

"SURVIVAL of the fittest" is the catch phrase of evolution by natural
selection. While natural selection -favéurs the most fit organisms
. around, evolutionary biologists havel long wondered whether this

ection that retains

Ilke this, where s gotes) will be cg
advantage S affectmg the
ced

- %ty gatisé changes. in.genotype and gene. frequencies. Effectes.

Vaid's/2012-13/ANE—5

leads to the best possible organisms in the long run.

A team of researchers at the University of Texas at Austin, led
by Dr. Matthew Cowperthwaite and Dr. Lauren Ancel Meyers,
has developed a new theory, which suggests that life may not
always be optimal The resuits of this study appeared on July
18, 2008 in the open access journal PLoS Computatlonal
Blology

GENETIC mutations create the raw material that natural
selection acts upon. The short-term fate of a mutation is often
quite clear. Mutations that make organisms more fit tend to
persist through generation, while harmful mutations tend to die
off with the organisms that possess them. The long-term

consequences of mutations, however, are not well understood .

by evoluticnary biologists. The researchers have shown that.

what may be good in the short run, may hinder evolution in the
long run.

THE team developed computer models of RNA colecules
evolving by mutation and natural selection. RNA mlecules, which
are very similar to DNA, play key roles in essential life process

and serve as the genetic material for some of our deadliest+:

viruses, including influenza and HIV.
Their computer models show that the evolution of opttmat
_.organisms often requires a long sequence of interacting
Onsz.cach arising by chance and surviving natural
) erthwalte explains : "Some traits are easy to
y different combinations of mutations.
e — made from an unlikely genetic
e easy ones, even when they are

recipe’
not the best

e spouses are very
breeding in general
mportant effect : it

-vide ideal conditions
ing. Let us assume a
Mendel) that remains

_alike genes-ultimatel

es or small groups with
I genes. In the table given
olumn’ (recessive homozy=
‘ ed from the scene directly
Qe
‘InE

propomon of. 12 for. dominant, homozygotes and hetero-

sequently, the frequenctes of the allelles which were present in
equal ‘proportions in F, generations, also get altered with
‘dominant becoming propotlonatety more frequent (66.67) than
the recessive (33.33%).

INBREEDING, therefore, causes sudden changes in gene and

1

Be extreme expression-

etero-zygosity, and

genotype frequencies by eliminating the lethal and semilethal’

recessive homozygotes.

BUT is inbreeding always harmful? The answer is an emphatic
‘no’. Various (almost all) populations of the world have practised
inbreeding (and consanguinity} at different times in the history

d

ions. The self-fertiliza- -

pe: frequencxes ‘of the: population. . .. .
ant (normal) and recessive (lethal)
al proportlons with a frequency of 0.5
one-fourth :of the individuals will be .~
otes who, because of the -expression of lethal .
he' genotyplc fatios 1:2:1, therefore, dssume .. - -+ x7 =

zygotes resu[tmg in1he decrease in- genotypic’ varlabxhty “Con=- i
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‘ tf} Generation Homozygotes Heterozygotes Homozygotes " Homozy
| (dominant) (recessive) gosity % .
f ) F, 0 _ N 0 00.00
F, N/4 N/2 N/4 50.00
& F; 3N/8 N/4 3N/8 75.00
~ F, 7N/16 N/8 7N/16 87.50
2 F, 15N/32 N/16 15N/32 93.75--
F, 31N/64 N/32 31N/64 96.87
£ Infinite N/2 0 N/2 100.00
= without endangering their own existence. Even today many  IT IS generally said that hybridization affects gene and genotype
¥ sociefies of the world (and their number is large enough) permit ~ frequencies only indirectly. The statement is only partly true,
- marriage between as close the relations as first cousins, uncle-  because the dominant lethal or semilethal genes, wherever
& niece or even the individuals with one common parent. Alf such these are, are equally potent whether hybridization is there or
societies have survived (and are flourshing) without caring for ~ nol. The same is true for sex-linked recessive genes which
-8 the deleteriousness of inbreeding. Inbreeding is harmful only ~ express more frequently among the males under any
- when there is a lethal autosomal recessive gene present,  circumstances. The autosomal recessive genes—through—hy-— — —— -
’% " otherwise nof. Besides it is really threatening onIy in small  bridization, get a chance to spread. With two populations coming

-populations.

Is Inbreedlng Harmful?

Accarding to some scientists Inbreed|

To support their contention they give they
Andamanis whose population accordr
was reduced to 28 from about 300 a
Inbreeding is harmful? To answet
that if there is present an auto i
lethal gene then it is harm
hamozygosity 'and ‘autoso
homozygous and as it is |
lis removed through n
homozygoles keep dyrn
“rin mimbes and- will ‘be &
'deliberate whether inb
(1) Those who sayi
starts with "if’".

1 inbreeding by i

B H D & @&

© © @

_enormous fertility
(han those elirn»

- at ':norﬁ
Wever for Man t
evidence to prove t
can have any-negative-
il . w~"Inbreeding can be har
ihe ‘survivors do ‘not have enoug
. lloss of recessive Jethal- homozygo
... general have sufficient fertility, therefor
effects of inbreeding in humans is only
. - |Here,. we..must, remember that the issue <once
Genetrcs and’ not Homan® Genetrcs ‘

ne srtuatlcn that
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Hybndlzatlon S
. HYBRIDIZATION may be taken just opposite of inbreeding be-
- cause contrary-to effects of inbreeding, hybridization breaks
down isolates to increase heterozygosity. Mating of two
homozygous individuals for different alleles of a gene shoule
& Called hybridization. In a smalt isclate with high rate of -
“breeding, individuals tend to have:greater preponderance of
“homozygosity. When such two isolates come together in terms

of sharing the gene pool of each other hybridization should be
said to have occured.

S,

SR -

8 chance or geneti
ens_ate the > evolutronary 3¢

genetically close, coming closer of the autosomal recessive
lethal (and semilethal) genes is postponed at least till the
time such alleles have spread enough to become homozygotes.
dization, therefore, delays the elimination of recessive ’

bridization results in sharing of the genes

or hybridization to be perfect, the two-
hould have equal size of breeding

g between the members of .two
actly one generation for the two
rozygosity also increases the -
ation compared to that in
‘hybridization. -

process of hybndrzatlon
gene flow. Different
m their: original homes, .. :-
e admixture with their
escent, .for example; .
merican populations
up. But -Gypsies of
heir ancestral Indian

e flow, the genetic
rticular environment,

n in another kind of - .
bility increases while

.. Mutatien,
iy he best bie called:
of these processes can
onary change. One way in
& refdtively quickly is by sheer
bability of chance acting as an
-mathematically developed by
siten referred to as Sewall Wright's'
ahdom aspect of evolution which refers
tion of a gene in a popufation by sheer
role of mutation or selection. To understand
enetrc drrft let s fake up a hypothetical case. -
ion_with effective breeding strength of :

100" with distribution: of ABO blotd ‘groups &s follows e

A 30 (or 30%)

=10 (or 10%)

O 60 (oF 60%) 3 - o
OUT of these hundred, some (say 10) opt to mlgrate The group .
of individuals who opt for migratio™ may not have the
proportionate distribution of blood groups in them. Let various
blood groups in the migrating subgroup be as follows :

A =5 {or 50%)

B = 2 (or 20%)




WL,
G

O = 3 (or 30%)

THESE 10 individuals (or migrants) in am unknown place will
marry among themselves and with passage of time would
become a -population whose blood-group frequencies will
revolve around those of their migrant ancestors and not around
those of the parent population. Thus, a new population has
emerged. This phenomenon is also known as "Founder's
principle”, and it may have played a very significant role in
determining geographical patterns of human variations.

HISTORY of mankind is full of such instances of genetic drift

that lead to the formation of new populations. Dumker
community of Pennsylvania who migrated to the United States
in mid-eighteenth century exhibit much higher frequency of gene
for blood group A (0.38) compared either to their ancestral group
“f Germans (0.29) or to their present American neighbours
(0.26). Contrarily, the gene frequency of blood group O is much

‘reduced compared to the other two populatrons_lt_ts_not_

necessary that migrants will exhibit large fluctuation in gene
frequencies (compared to the population initially they belonged
to). Many genes may have comparable proportions. It all
depends on the frequency of different genes in the migrants.
FOUNDER'S effect is only: one of the many ways in which drift
occurs. There are thousands of others examples. For instance
the number of gametes produced is always lar
populations are small, the number combined_ji
definition also small and substantial devi
proportion of gene frequencies can occyi
AGAIN, genetic drift can not be effe
places. For the drift to be succ
foliowing pre-requisites have to &
size must be small. There
limit of size to be cailed sm
greater is the impact of d
* and migrant) of the popula
.- comes_larger, the &ffég
" ‘meaningful. “{b). Theré
The frequency of allele
out-migration.

. Humans evolving

' Humans are e
the split with the antc
years ago, a team from

markers in 270 people .
Japanese, Africa’s Youruba
THey “fourid" that at
undergone recent evolutlon The
..eyes in’ northern Europe’ -and P3
‘such as. fnalaria -among. some Afri
.to the study in Proceedings of the Natio

Human evohuion hos been moving at breakneck speed
in the past several thousand years, far from plodding along
as some scientists had lhozlahl researchers said on Dec.-
10, 2007.

In fact, people today.are genelrcally more different from
people living 5,000 years ago than_ those humans were
different from the Neanderthals who vanished 30,000 years
ago, according to anlhropolog}sl John Hawks of the
University of Wisconsin.

de skin and blue o
ee to diseases ;
ording -
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on Dec. 10, 2007.

Some of the chanoes were tracked back to just ‘5,000 *
years ago, and "today they are in 30 or 40% of people because
they (are) such an.advantage,” said Professor Hawks.

Many Chinese -and African adults cannot digest lactose
in milk, but across Europe a Iactose—tolerance gene is now

'wrdespread

One reason is though to be that at northern latitudes
sunlight is weaker, so people make less vitamin D in their
skin, Vitamin D is crucial for absorbing calcium, so being-able
to digest milk throughout life made people in clolder climes
healthier.

The surge in global population had also led to- faster
evolution since more mutations occur, the researchers said.

They believe that in future, the tendency to start families
later in life will drive evolution.

— ~ 7 —SYNTHETIC THEORY

SYNTHETIC theory of organic evolution is the most recent, the
most scientific of all the existing theories that states the best
aspects of earlier hypotheses and combines or synthesizes

-them in a new and original manner. Exponents of synthetic
] theory also made use of such modem scientific knowledge as

teenetlcs cytology, population genetics etc., and
methods and techniques of research. The
y several neo-Darwinians including
on etc., basically aimed to clear
b cks .and criticism. As a result,
stlll forms the core of synthetic
ocesses too have been given
fion. The basrc features of
as :

t. processes of micro-

tal source of variability -
over-emphasized, the
umber of genes are
n those which: affect. -
hough all new traits
lenetic recombination
ders), however muta-

offsprings, on which
zygous combinations

vidtally have a slight’
h _collectwely' form .the

ost vjtal process of
Fis more progresswe and
riability.”

olation) as also geographic -

4. "Isolation
" isolati
oc]E Ve isolation, to work effectviely,
ontribution of mutation, selection and

" Thus, isolation forms the strongest

.own_(slightly different) manner. If the.isolation is- pro-
longed over a sufficient period’ of time, then' the genstic
_material of the two populations may get reconstituted,

. resulting- in.. the. development of . some type’“ L

Reproduictive” |solatmg mechanism;” When 'this happens;

the two populations are incapable of successful repro-

duction with each other, even if the isolation is removed.

5. "New species are formed by the continuous action of

micro-evolutionary processes over a long time-span,
cutting ‘through the geographical span.”

ACCORDING to Synthetic Theory, evolution is the sum total of

ation, Natural Selectlon and .

bce of variability. The

are more effective’in =~

se for the formation:of new . ~. . -

fnnatlon of new species. When two popu= - *
ations get isolated from one another, each évolves i inits -




o
N

- {dwring .anaphase of meioti
""examp}e of- syndrome ca’i'ﬁ

" etc, and severe. malfun

o oof Translocahon have be

¢ butin‘an, mverted _position. - i
AL types of géhic recomblnatlon result ‘in- the change in -

- the five essential evolutionary .precesses. These essential pro-

cesses are :
1. Gene Mutation
2. Change in Chromosome Number >~
3. Genig¢ Recombination.— “
4. Natural Selection .~
5. Reproductive Isolation g

[

% FIRST three processes provide the essential genetic variability

without which changes can not take place. Last two processes
"guide populations of organisms into adaptive channels.
IN ADDITION to above, three accessory processes affecting
the working of evolution are:

1. Migration

2. Hybridization

3. Chance Factor
OF THE essential processes mentio
two have been described previously
the change in chromosome numb:
are being described now.

Genic Recombination

GENIC recombination refers to-the changes that may. occur in
a celt (genetic material} whereby chromosomes may become
abnormal for the particular species. Then, though th
number of chromosomes remains the sam
genes in one or more chromosomes

d above, all except the
e remaining two, namely
and genetic recombination

of genlc recombmatlon
DELETION is the simplest of all thes
of genic recombination. It invo
chromosome. Parts of a chrg

gned processes
a part from a

. parent“chrorriosome  witho
deficiency of genes in a géy

numbeér. 5 ‘and. known. a ;
mental- retardation; - anoi

amomalies ‘i the body;
a Turner-like syndromg
known to_have any effe
TRANSLOCAIION in

from non-homologous
of the:broken par
transtocation is' a very

ymplorr :
-..Jocation but mvolvrng a h
_-occurs in all diploid species’
cell. Man too is no exception
. WHEN a part of chromosome
in-a normally- diploid cell; "the "si
“résults. 1t may also be called half §
of one chromosome is represented th
‘cost of another celt that faces deletion.
" INVERSION results ‘when_a part of the ¢
“detached and then ‘gets reattachéd to. the sameé ck

sequence of genes on a chromosome. The new arrangement,
. because of the new association of genes, may and does result

N new genic expression resulting in ‘new phenotypes. Inversion, *

deletion; duplication etc. are very: ~common feature of plants
and some lower species of the dnimals but as seen above, in
man, such situations result in severe-disabilities and even death.
Genic recombination can be created artificially through radiation
and study of genic recombination, jf understood fully, may open
up new vistas regarding future:human evolution.

Changes in Chromosome N mbe:

. Vaid'si2012-13/ANE—8

EACH species of living beings is Enown to have a particular
number of Chromosomes. Some of such mammalian species -
have been listed in the table below:

NS

duplicatioh , :

-
Common Species No. of

Name Chromosomes
Rat Rattus norvigieus 42
Mouse Mus inusculus 40
Rabbit Sylvilagus floridanus 44
Horse Equus caballus 64.
Ass Equus asinus 62
Monkey Macaca mullatta 42 -
Chimpanzee Pan troglodytes 48-
Man Homor sapiens 46

CHANGE in chromosome number in the individuals of a
species may or may not lead to the formation of a new species.
CHANGES in chromosome number are of two kinds (i) Euploidy
: when a whoie set of chromosomes exists in multiple

. proportions compared to the specified ones for a species, (e.g.

the individuals of a species with chromosome humber of 2n
EYehave 3n or 4n etc.) and (i) aneuploidy : (loss or addition of
mosomes, (e.g. 2n + 1 or 2n - 1 etc.). ‘Both
hromosome number have been witnessed
pecies of animals with or without the
&s While euploidy is somewhat rare
imated that more than two third
2sets of chromosomes.
an and the few cases known
rted foetuses. In all such
extreme genic imbalance
es of survival. According
pontaneous abortions in
kins (1920),- Merchant
idence of the fole 6F
ints. In man, as seen
n evolution because
uals don't survive to -

of grass specie:
EUPLOIDY occurs v

een often-in various
lution. In the case of
pt than the euploidy.

man belong to the
rome and Klinefelter
drom with geneérally

nefeiters with a generally
notype have an additional
mes and XXY). Cases with

g the autosomal anomalies, the
ion is called Down's syndrome
¢ of thie chromosomes of the smiallest -
cour in-triplicate - (|nstead of the normal

TIVELY rare condltron wnth an occurence of 3 per 10 000_ E

chromosome 13, Patau Syhdrome with an occurence_of 2 per
10,000 briths mvolves Trisomy-18. In all the above t}Tee‘sTh‘—
dromies, the total number of chromosome in an individual is 47
instead of the normal 46. All these syndromes result in severe
mental retardation and/or serious physical disabilities leading
to almost absolute restriction on the fertility of the individual. in
majority of such cases the individuals do not survive to repro-
duce.

TO SUM up, changes in chromosome number in man do not
entail any important viable situation for further human’ evclution.

(XXX or XXXX) to0 dre KRown ™ T

uency of thls syndrome is as h;gh as 1. |nf -

blrths 5 called Edward’s ‘syndromé and-involves trisomy:-of =7 5
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--hybridization. and :geneti

..races. The majority ‘of physi

~_ almost -all the fossils represent collateral
“extinét: ‘Substitution-of frie’ Variable-Maridelian p

-+ type. (composed of phenotypically similar individual

" destroyed the theoretical-basis for ‘the-vast-m ority. of

As these are understood today, changes in chromosome
number and genic recombination have highly strong negative
selection value.

HOWEVER, for certain lower life forms of both plants and
animals, chromosomal mutations do sometimes lead to the

formation of new species. Since this kind of speéiation takes ..

place over just one generation, it may be thought of as a kind of
“instant speciation™.

YNTHETIC theory is the best theory of organic evolution that
combines all genuine elements of hitherto existing theories.
Though the synthetic theory of evolution today is considered
the best among the available theories of evolution yet it is not
free from flaws. The theory in fact explains evolution as it occured
in the past but fails to explain it in terms of its future direction.
The factors of genic recombination and change in chromosome
number (in man) do not warrent such importance as had been
given to them in this theory. Especially change in chromosome
number for 21st chromosome and sex chromosomes results
in serious handicap for an individual in terms of histher fertility

and fecundity; all other chromosomes when found in single or

triple condition, do prove lethal. Similarly, genic recombination
in terms of inversion, dupllcatlon or.deletion etc., also leads to
lethal or semilethal situations in man. Crossing over, ho
is as useful in man as it is in-other animals or plants
ROLE of Hybridization and genetic drift, in Synthe
been highly undermind. History of mankin
periments on plants and animals, cle
large contribution of these factors.
hybridization the whole great pr0=
OCCurs.
MIGRATION as a process i
unless it is followed by gen
genetic ‘recombination cag

theory is, therefore, supe i
FROM the foregomg dig
theory in_its best poss;
explained as the one
micreevolution, name
1. Natural selectign
Inbreeding
3. Hybridization

devastated most of the st
thought.. This can be seen

leldlng populations into types;
in order. to reconstitute racial
ones were. postulated to -have
of years ago: ‘this notion of the fi fxnty
goes along with -the "theoty that model

anthropological thought. Many anthropologists believed in or-
thogenesis, that evolution proceeded from an internal momen-

" tum. THe synthetic theory showed that no such process exists,

and that trends are due to selection. Also the idea was com-
mon that evolution should be traced by nonadaptive charac-
ters. This point of view is seen in‘extreme form in the writings
of Wood Jones, who, after giving an excellent comprehensive
review of primate anatomy, attempted to determine evolutionary
relationships on the basis of ‘a few minorvariations in the
patterns of sutures. According to the synthetic theory, selection

* | biology and evolution.
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PUNCHUATIONISTS V/S
- EVOLUTIONISTS

The publication of Darwin’s “Origin of Species” 1859
scientifically established that evolution is a_continuous proc
less and applies to all the species. There were many objec
’tions to Darwinism, which were clarified by Neo-Darwanian:
in 1930's and 40's and the explanation was given the shape
of Synthetic Theory. Church, however, till date is not convinced
Wwith the facts of evolution.

In 1972 Eldredge & Gould, on the basis of their study
of North American Trilobites and Bermudan land snails, give
the concept of "Punchuated equilibrium”. According to them
species femained unchanged for thousands of years and
then changed suddenly into new species or are replaced by
species from the neighbouring regions.

sulted in sudden appearance of many new species ‘and geni|
era like “flowering plants and primates, lending credibility to
deas;of €ldredge & Gould.

me number and genetic recombination
ell as macro evolution or specnatatlon
3gies of animals, but not in highey

ationist logic Dryopithecu
5.5 million; years. ago. o1
e arrived early around 8 mya,

walker - Dryopithecus to blpeda
ever-the large scale-changes in the
ture resulting - in blpedahsm can’ not be *an

However we can explain the changes undergone dur4
ing this gap of 2.5 my wnth the help of our. knowledge -of

Towards the end of Mesozoic, Cretaceous period, the ]
world was overcast by voleanic ash, converting the world intg|.
|ltotal dark that continued for several hundred yea’rs that req|.

Synthetic Theory itself had made it clear tha /

wn in the evolutionary tree |

"between Dryopithecu‘g “and J

e been 'a quantum jump in evoluq|

. is even more important than Darwin thdught and the. explana-

tion of characters should-be sought in the understanding of
their functiéns. These theoretical problems were by no means
unique to anthropology, but the confusion of typological,
pregenetic thinking was extreme in anthropology because of
the emphasis on racial types, and the attempt to recreate his-
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- diseases are being preserv,
- cost of human society.

. genes. But-the situati

“nuclear ‘acfivity- in indh

“of jrarmful ‘genes be ove

- -expfession can be successful
- different viewpoints, some of whic

" to perform, theoretically. Direct recombinatio
o reprod‘uct:on of sélectively advantageous genes. |
... @ deliberate. check’ on the fertility of those who poSSEss
can’ it be. performed &t the giobal‘

~ tory without regard to the fossil record.

Human Evolution : A Perspective

WE HAVE, so far, discussed the evolution the way it has been
as also the, theories which attempt to explain eyolution with

|

difference op emphasis. The evolution has been there even

without these theories and with changing envnronment w1II over-

ride the most accurate theories of the past.
FROM human point of view evolution, in recent times, has drawn

_ the-attention of everyone. The environment during last couple

of centuries has changed which must have a bearing on human
evolution too. Man, to an extent, has manovered nature and the
vagaries of selection have loosened their hold on Man.
Advances: in the field of science and technology have increased
the longivity significantly. Infant mortality has been curbed
resulting in population explosion. The individuals who could
easily succumb to the pressures of erstwhile epidemics etc.
now do surviveandreproducer Though-the-family-size has been
on the decrease, the population has been increasing
enormously because of the above mentioned factors. Such an
increase in numbers without a proportionate increase in the
source of survival, can, in not so d)stant a future, threafen the
human existence as a whole.

TILL recently, it was the almost unimaginable to thinkJ
of the treatment of the genetic diseases.
advances made in biochemical genetics, im
molecular genetics, the spread of some
only be controiled but the affected in
Genetic counselling and the treat
is a point in this regard but we’
the front of cure of genetic
another facit of this.problem

nuric Idiocy
e progress on

would have been otherwisg
OUR -resedrches: therefo

resulted in the increas
one estimate all of uszhav

prqportlons Thoug
undertaken, the evid
mutation rate in rec

devices etc. The imp

at least saved from furthe

however resulted 'in’ accumu
of* genetic load. Regarding he

are equally pessimistic.
THE second solution is direct recombinatis

genes’ Bt the question:is ¢
level? Who will set the rules? Whether it will be acceptable?

Masses in general will: opppose any law that stops' them from . -
reproducing evéen ‘the deféctive offsprings. The' sélection’ of genes -

is.however a practical solution wheéreby the required types of
genes can be received from the sperm banks and egg banks.

The way has been cleared for this kind of genic recombination

but it is not expected to reach the common man at least in
another few decades.
THIRD solution to improve the ,ene bank of man is genetic
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engineering. We are at a stage where genetic codes of some
of the hereditary diseases have been understood but we are
yet to remave the defects in these genes to make them normal.
Scientists have been successful in making the synthetic DNA
that has worked effectively in some lower species. Attempts
are on to apply this knowledge to higher species and man.

- THE day synthetic DNA can be utilized in the service of man,

we may look towards a new direction of human evolution.

CONCEPTS OF EVOLUTIONARY BIOLOGY

DOLLO’S RULE (DOCTRINE OF
IRREVERSIBILITY OF EVOLUTION)

MANY times during the long history of life, aglvanced organisms
have returned to ancestral habits and modep of life. This gives
selective value to adaptations similar to thase of the ancestral
species, and raises the question whether [evolution might be
reversible. Study of such cases shows that; due to- commonal-
ity of environment and resultlant functiona) adaptation, always
a gross similarity between ancestral and descended structures
is achieved without any genuine reversal|at all. Thus many
reptlles and mammals have reverted to dn aquatic mode of
mey have assumed a generally streanplined, fishlike form,
ave become shortened, webbed, and finlike.
uch flippers is always gistinctly that of the
| belongs rather than that of a fish fin.
s have returnedl to the water and
es, but their[morphology is still
. The evidence indicates that
en, are rever reversed. This
s Doilo {1895) to whom the
B be expected a priori, for
gunded of many smaller
chdn That. such a se-

g..1f not impossible,
ganisms. Attempts to
ave failed, for these

times called Cope’s
ividuals. The original’
fipon vertebrates, but
e -tendency in many
iew of the paleontol-
argest representatives
cassarily its latest ones

ertebrates, crustaceans,

8pods} cephalopods, and
size increase has been by~
herbs and shrubs is a recent
Erived from fyees and other large -
t that progressive size: decrease .
of ‘many vertebrat\ groups durmg the ‘
Fiich is now in progres

- GAUSE RULE

vailable, respurces, such as: food,
speécies occur at ‘the same’ trophlc-"
level, then they are Ilkely to compete with each other for food.

Adaptlve ‘radiation by, one or both species may then occur over
" aperiod of time with the résult that they come to occupy separate

niche within the™trophic level, thus' migimising the extent of
competition. Alternatively, if the competitors occupy the same
niche, or strongly overlapping niches, an equilibrium situation
may be reached in which neither succeeds as well as it would
in the absence of the competitor, or one of the competitors
declines in numbers to the point of extinction. The latter

y chance be exactly =

ibs How living ‘are the "~

r betwegn populations’ Withine e



* rate niches. Under natur

. principle) has since. bg

phenomenon is known as competitive exciusion. 1t is difficult to
study in wild populations but some classic work on laboratory
populations has been done, originally by the Russian biologist
Gause in 1934 who worked on competition between several
species of Paramecium. Some of his results are shown below
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- — — - Paramecium avrelia
Paramecium caudatum

Fig.. Population growth of two species of Paramecium (a)
Cultured separately, (b) Cultured together
WHEN the two species are cultured together Bz
competitive advantage over P. caudatum fog
after five days the numbers of F. cau
,until, after about 20 days, the spe
"that it has been competitively exclyd
to reach the stationary phase
isolation, so is also affected a
“though it is' more successful 3
. explain the" selection’ pressy

es longer
hen grown in
the competition, e
pehtor “This

-- competitor - rarely - becomy
-.and-may even increase
equnhbnum position.
THE competmve exclg

ments carried out by o
been shown to occur
duckweed (Lemn®) sp
L polyrrhiza ..

THE study of natural p
larger number of interag
environmental variable;
food supply cannot be

RAL

lar behaviors occur in differ:
similar evolutlonary opportunit
lutionary biology is that, if thef
_morphological pattern of two o
closé phylogenétic relatlonshlp
which this phenomenon of -similarity
s:m»larmes are examples of paralle

orgamsms Parallehsm and convergence imp!
We ‘must

plam sumularmes If we conétantly refer’ similarities -to parallel—
.ism, thé whole concept of evolution is rendered meamngless,
Snmpson has- painted, out that parallelism, evident in-detailed
smlarmes in two groups, is usually both’ upon initial swmllanty of
structure and adaptive type and upon subseguent. recurrent ho-
mologous mutations. The term parallelis is-usually restricted
to the development of similar adaptive features in animals that
are related, such as animals belonging to the same order. The
parallel resemblances are, most likely, the feallzahon of a ge-
netic potenhal that is present in the enhre group

G
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When two animal species or major groups that are not
closely related develop similarities in adaptive relationships or
structures, the two are said to converge. The exploitation of a
volant way of life through the development of the wings of birds "
and of bats is clearly an example of convergence. The stream-
lined shape of marine mammals such as whales and dol-
phins is convergent to that of fish.

Not all cases of similarity are easy to classify as conver-

" gent or parallel. Many parts of the anatomy, many metabolic

processes, even protein structures, are very much alike in dif-
ferent animals. If we insist that all similar cases are parallel
developments, we are emphasizing the differences rather that
the relationships between animals. It is always simpler to find
differences between two animals than it is to demonstrate af-
finities. The examples presented in the following paragraphs
are chosen to show some of the difficulties we encounter in
attempting to categorize similarities.

There are two kinds of photoreceptors in the vertebrate
eye, rods and cones. The rods are highly sensitive and func-

-tion when there is very little light, but they have little power of

discrimination. The cones. are sensitive to higher intensities of

light and make possible a high dégree of discrimination. of ..

atnal relationships, colars, and textures. Rods have been

he question is : In which of these ani-
gent and in which are they parallel
depends upon the definitions we
d upon a detailed study of the
rods in each of the various
Rary derivations from very dif-
they may be .derived from.
e eye (parallelism). In this
to similarities that exist
higher - taxonomlc level

rods in these varfs
apimals noted may

undn a large almost
ascar, has some re-
ibbon of southeast
two primates include
nd the pattern made
d spectrogram. Be-
ers of the same or-
Sarallelisms. It is diffi-
Yy affinity between the
f the fossil lineage of :
cannot be ruled out.

emur” {order
ates'is- clearly a
he hvmg species, except
> toothcombs formed by the

s, is highly developed in some
rld -and the New World and '“,"'"

an be and have been mterpreted ei-
or parallelisms.” The closeness of the
atio h|p between the animals is. usually the de- -

t(ate the: opportumsm of evolution. Similar .environmental op-
portunities are exploited by. dlfferent organisms for ‘their long-
range evolutionary advantage. The problems presented by the
environmental pressure on the organisms lead to similar solu-
tions. Argument about specnfymg these ‘as parallel or conver- -
gent may obscure this important point.

The term homologous and analogous are oﬂen used to
describe particular structures in animals. Homologous struc_—,
tures are those that are related by evolutionary descent and di-
vergence. The wing of a bat and the forelimb of monkey are
homologous — they are descended from the same ancestral

ation, locomotion.by.swing-. .. .

What 'is lmportant is the: way these situations P



structure. The wing of a bat and the wing of a butterfly are analo-
gous — they have similar functions and similar forms, but they
% are not related by descent from.the same ancestral sfructure.
5 Perhaps thinking of parallelism as homologous evolution and
convergence as analogous would help us distinguish the two
processes. ’

Adaptive Radiation

Adaptive radiation is the name we give to the rapid in-
crease in numbers and kinds. of any evolving group of animals.

(=7 A group of animals —a species, a genus, superfamily— may
’ take advantage of environmental changes and exploit a number
fi) of new places in the planetary living space. These places in
i the environment are called niches or econiches.

e The mammals radiated into ail parts of the earth as the
&2 climate grew cooler during the Palaeocene. “The reptiles which

had been the most successful group were at a selective disad-
vantage when compared to animals that could maintain a con-
stant internal body temperature. Reptiles have a body tempera-
ture that is approximately that of the environment. They are
poikilothermal (cold-blooded) aniimals. Thus, metabolism and
all. physological ‘processes that are a function of temperature
slow down when external temperature drops. Mammals have a
complex system for maintaining constant body tel
Their metabolic processes do not slow’ down b
perature -drops. They are homoiothermal
mals. Most palaeontologists agree that
out and the warm-blooded mammal
part of the living space on the pla
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grew colder. But it is not at all certain that.it was the change in
climate alcne that limited further evolution of reptiles. The Dar- %
winian fitness achieved by mammals, relative to reptnes may
have been decisive.

An adaptive radiation need not be a planet-wide event
such as the example just cited. The spread of arboreal pri-
mates, the Cld World monkeys,. inta trees of tropical forests is
an example of a more limited but no less important radiation.

Adaptive radiation is said to have occurred when a group
of organisms fits into a part of the planetary living space into
which it could not have moved earlier, as a result of changes in
the group's relationships to the environment. We deduce these
changed relfationships from two-lines of evidence : morphology
of the fossils we find and cemparative studies of the living
forms which are most likely descendants of these fossils.

One group of organisms may develop a relationship to
the environment so that it has a reproductive advantage over
another group or species which occupies the same environ-— "~
mernital niche. This relative reproductive fithess was once called
the "struggle for existence." The replacement of one species by
another is the result of a reproductive advantage one has over
the other. We usually are unable to recanstruct a very detailed

A count of the way in which a new adaptive radiation was

xby a group. of animals. However, inferences from the
fossil primate, for example, about, the way the

hed behaved, lived, and adapted are pos-
some basis for the evolutionary his- -
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GENETICS

- GENETICS is the science or study of hereditary characters.

B The term ‘genetics’ is derived from the Greek ‘gen’ which generation) v»e?re.tall.
means to grow into something. Genetics, therefore, should It seemed as if dwarfness was totaliy overshadowed by tall-
551 include not onIv the study of inheritance of characters but : -
i also the factors which are responsible for the expression of - Mbnohybrid- Experiment Results |-
% hereditary characters.

IN THE case man it "deals with (all) those qualities present in

= all human beings that distinguish them from non-human be- Parental Generation T ox
ings, as well as with those qualities which characterize only
o) certain groups of man, certain families or cetain individuals. Gametes T Xt
. Thus it is largely, a study of hereditary similarities and differ- -
% ences among human beings. It is concerned with the causes
= of those similarities and differences and the way in Wthh they -
‘;% are transmitted from generation to generatier - Generation Ty X/’T ¢ ]
- MENDELISM -
® MENDEL is credited with being the faf y \/
: but he was not the first one to ¢ 3
2 " 1705s Maupertius; for the flrst 1T T T it
and described it as autoso Eitto (1803) Hay .
2 (1813) and Buels (1815) in ached at the Ratio = 1:2:1
~ 7 clusionsg that heamophili
way. X-linked recessive ; = 3

first proved by Horner
Bemiss (1857) were ary
effects of inbreeding.

cate the relevance of

f F, generation were
clves, dwarf plants re-
of 3 tall plants to

warf plants; in other
ongst.thedalfplants -
e other.2/3rd. when...

.. BEFORE-the time. of
" asingle cell — the
breeding organismss: o 4 watl
- wo gan?eleg,. one-fréfi rent. ; ] 61 words, the pheno-
assumed that these
otherto form the zyg
the offsprings. inhierite
' i
the mean average of th
cleared this mistanderst 10

-JOHN Gregor Mende} ca
garden pea plant (Pisum-s?
Merndalidentif

|
|

®O® o O @

as 1:2:1 (ie. 1 pure-"
dwart plant). On the

ided the law of segre-

ven to explain segre-' =
of independerit assort--

f experiments known as ;...

lolloWs S
'-—'-"----Character (Tra|ts) Var‘e

-1 Height.of Plant - Tall; Dwarf

: "*[' g Colour of colyledon ~Yellow; '_Green -

3. Shape of seed - Round; Wrinkted

.-4. Colour ot seed coal . Grey; White

5 Shape of po _ "Inflated Consmcled

6. Colour of po ‘:f"Gre'en' Yellow+

7. Position of flowers Axial; Terminal .

" HE THEN isolated "plants: which were b“reedin‘g true -{(when - .-
selt-fertilized) for the two contrasting forms of all the charac-
ters. Mendel then performed cross- breeding between these

and 'shape of sead (i.e. round or
, Mendel isolated fwo sets of plants -
breedlng true for tall height and round
RRY, while the other were breeding true for-dwarf- ~
d wrinked seeds(ttrr). When he: crossed these two .
plants with each other, all the individuals of the . F, generation .
were found to be tall and having round seeds. When the indi- | '~
viduals of F, generation were. self- fellllzed lhen the;character-‘,‘,,
istics. of lnleduals ol lhe F2 gen ing
“ratio — ¢

9Tall planls with round seeds
3 Tall plants with wrinkled seeds .. .-
3 dwarf plants with round seeds

® @ w@@w ® 60 @ ©

i

isolated pure plants, and arrived at Certain conclusionis which
are today known as Mendel's laws of heredity.

IN ONE series of experiments (i.e. the monohybrid experi-
ments), Mendel crossed two plants. which were breeding true

1 dwarf plant with wrlnkled“seedsE

This ratio of 9:3:3:1 is. known as the dihybrid ratio, which it
actually nolhlng but the product of two monohybrid ratios (i.e
3:1). .

for two contrasting forms of one- chanacter Let us assume this
character to be the height of:ths. plant{_.ln that case, when
Mendel crossed a pure tall (TT-)_plam with a pure dwarf (it)
plant, all the individuals of themnext resultant generation or F,

rtaw of Dominance : WHEN two parent types representing
the contrasting strains of a single unit character are crossed
the strain of one of the parents is expressed absolutely in ths
offspring (F, generation) while the one from the other parer

® @
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Dihyhybrid Experirent

Parental Generation IB X o,
Gametes R x tr
F] Generation \;[’[_| &
Garretes of Fy Generation = TL R, T and &
TR tR Tr tr
TR TTRR TtRR| TTRr | TtRr|
F, generation = R TIRR|{ MRR | THRr
ttRr
Tr | TTRr TRr | Tl |
tr TiRr tiRr it
e
[Dihybrid ratio = 9:3:3: 1]
either goes unrepresented or § A not be
seen with the naked eye. Thg Sxpresses in F,
individual is called domman e that fails

servation is recessive. (lnej_
consider the law of domi (‘?‘i]w
jes only made it s0.)

taw of Segregation
WHILE the body cells
to reduction division
- déterminers (genes) ol
therefore hybid in ch
.2 genes {(allelomorph
... only one.or the othej
“rriete; Thus, gametes s
one of the cther of
- with rélerence 1o any;
“retain-their- purity anc
ever they get the changt
__ever it is present. Th 7
" sence of domjnant gerie:
"an individual is recessive
“ partrcular character. - %

Law of Independent ASson
- morphs) : TO USE Mendel

D, "The relation (

)
- morph be studies by itself, it will, s?how nothing
- facts indicated in the first two laws, but as soon as We"

T rndependenf shufﬂrng and assorflng of ‘wo or mare genes.

however, that Mendel had no knowledge of chromosomes or

~in the various Mendelian ratios and for segregation in gen-
eral. It is remarkable, therefore,that Mendel foresaw a mecha-
nism within the genetic apparatus of plants, which coincides
in principte with that subsequently discovered. Among the great
discoveries that have resutted from¥thie use of Mendelian meth-

ods and procedures are the faotor hypothesis, the chromo-

some theory of heredity and;of sex‘deiermlnatron linkage and

crossing over, and the finef détafls ol the heredrtary mecha-

nism. Though Mendel put forth-his observations in the middie
of the 19th century, it took: Pigarly half &.century for the rest of

P
U

MOCKS™. O iy

‘eacty.pair itferent character is. rndepen,. h
dent of the otfer differences-in the taek SEI

“This law can be discoveredionly

assortment -and recombination of at |

morphs upto the second hybrid (F,) generatie ]

" follow the modes of inheritance of more than one Gharacter”
simulatneously, we:find that we are merely dealing ‘with' the.

_ lHl:‘ coricepts expressed in the above taws may be ‘Gonsids
eréd-to-havé-oeriginated with: Meadel. tmust be remembered; . |

~of the chromosomal mechanism. of maluration. which now
- seems to be the mechine responsible for the regularities seen
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the world to understand their significance. His laws were "re-
discovereg” only in the beginning of 20th century.

UNIVERSALITY QF MENDEL'S PRINCIPLES

THOUGH Mendel's principles of heredity were based on a .
very wide range of observations, yet these are not free from
flaws. The law of dominance is far from being_universal. n.
ABO blood-group system, for example, a person may have
blood group, A, B, AB or O. While gene for O blood group is
recessive, the respective alleles for A and B blood groups are
both dominant. In persons with AB blood group, both these
alleles express themselves which is, as such against the law
of dominance which states that one of the alleles must be
recessive. The situation where both alleles express themselves
is called Co-dominance or lack of dominance. Co-dominance,
far from being an exception, is encountered quite frequently.

NORMAL individuals possess homozygous condition of nor-

~ mal haemoglobin (HbA/HbA). An abnormal haemoglobin, HbS,
iy ewnkto provide some kind of resistance against malaria.
I8 %ies of HbA and HbS may have three genotypes of

and HbS/HbA. HbS results in deformation
Individuals, all red cells are normal,

Ol veoles (HbA/HDS), only 8-15% cells are

suck|ed Wﬁl@ n:hotpoavgeyte HbS individuals sickling is found
in only 60-75%C8cE LHessickle gene, therefore, does not
jollow the rule of<gami Such conditions where gene
son has no sp atoportion of genotypes are put

x
«u

S;" 2%

gamipance.

ave manye intermediate dorninance

BXpressio gful gene just doubles in

ndition 8ck to the heterozygous

-Phosp yVedrogenase deficiency

a poi siegard. There are many.

enes w nsidered. ‘dominant’

eans gzberdevised- to let these

oduce, lese gengs may in-
ermedi co. itis 1poearly.to- . ...

s for thisep lity cannot be ruled

of lack 5 ce of co-dominance

ith the my s about which’ Mendel

ase of ¢ ¢le gene, if (let us say)

‘be recessive or domi-
Mendel. Also, for many
(in the form of presence

g in, case of height, skin

required, a condition known as epista-

on,. for_a dominant phenotype to-occur,

; OEEWO genes have to be present simultanéously in
ividdal.: All other combinations. will- lead to fhe expres—

- sion of recessive- phenotype. :
<IN SHORT the law.of dominance is not the essentrai feature of )

Mendelian heredity, but the law of segregation is. In all plants,

~-animals’ and-human: beings (where chromosomes oceun . -
pairs) the law of segregation holds good. In fact it might be ~
called the ultimate discovery:of- Mendél; for:it is -almost uNSur- ..

passed among biological generalizations on account of its

- tar-reaching applicability. The law-has sometimes been called

the law of the splitting of hybrids. Whether dominance is present
or not, the law of segregation always holds.

THE law of independent assortment though proved: mathemati-
cally, also does not have any universai applicability, and thig
was recognised soon after the rediscovery of Mendel's laws -
when the phenomena of linkages came to the recognised
Chromosomes carry many genes, and genes which are or
the same chromosome, bound as it were in a common ve-
hicle of hereditary transmission, tend to be inherited togéther
Such genes are said to be linked and the phenomenon it

oidentify.an allele as

pression to appear"the ac'ﬁo'—nj;@f-...,



K
i
1
t
i

W ®

s

xS

@ @

2

-

s,
4]

£

T

P
(i
NG

{ ,.-'f:'?;

o

...mologous . pair. of .¢

‘ 1,’".- "MEDICO-LEGAL APPLIC
‘ \.,IN MATTEF(S relating to.mixing ‘up. of new bo
- tals, paternity dispute, and ‘disputes relatlng to in
“property etc., Mendelismican fairly well serve the true judge-
“ment. With the help of-the Laws of domianace and segrega-
. lion, it can be known- with fair amount of accuracy whether-a- -
I+ child-is thé ‘sori“or- daughtér bf §6-and 8o. We can prove our-
" point with the help of ABO bleod group, system '

.known as llnkageaMorgan and Castle who were the first to put

forward the "chrdmosomal theory of linkage" defined’ linkage
as "the tendepcy of genes present in the same chromosomes
to retain their original combirfation and enter together in the

_ same gamete". Thus, theoretically at least, if two genes (each

with two alleles) are linked, only two (and not four) types of
gametes will be produced. However, in reality, linked ggnes
are not inseparable, because exchanges between homglo-
gous chromosomes occurs during meiosis. Genetically, this
phenomenon is referred to as crossing over and the main
factor determining whether or not two gene loci are separated
by it is their distance apart on the chromosome. Genes lying
very close o cne another are referred to as being highly linked,
those far apart as loosely linked. In other words, the further
apart two genes are on a chromosome, the greater the chance
that they will cross over during meiosis.

Thus, it is the chromosomes which always assort indepen-
dently and not-the genes. The genes for eyeshape and eye
colour, for example can not even be thought of exnsng
independentally. Similarly, other genes that pe
functions are located very close to each oth

R r

MENDEL could prove th

for the seven charac
somes, or if any two |
mosome, the differe
allow for separation

their transfer into ne
chromosomes of a'h
but not the genes.

number Of medgcmes aval
ber of branches of geneti
netics, Immunogeneucs

Iy eisCuss 1t
erence to Man.

A:PERSON'S blood group is the result of antlgens present on

. the red blood cells, e.g. a person with antigen H on his red
-~ eells-will have blood group O. Four common phenotypes of
ABO blood group system are A, B, AB and O which-are the

result of three alleles; of which alleleo A:and B are dominant
while O is recessive.

A person with blood group B, Iherefore may have a genotype
of BB and BO. The same is true forblood group A. O blood
group- gene being recessive exprésses itself only in the ho-
mozygous condition (O0). On the: Basis of this knowledge of
ABO blood group system we & nd -out the possible blood
group of a child as follows:-

s,
o s

: - expectant: mothe
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FROM the above table it becomes evident that a man with
blood group O can not be the father of a child with AB blood
group (whatever be the blood group of the mother). Similarly

Blood group of  Blood group of child

Parentl Parent || Possible Not
Passibl

A A A0 B, AB

A B A B, O, AB ....nil.

A AB A, B, AB o]

A O A O B, AB

B B B, O A, AB

B AB - AB,AB O

B O B, O A, AB

O A B O, AB
O A BrAB—
A B, AB 0]

b, not be responssible for the_ birth-
ember that we speak in terms

ofan O child.
f  paternity is only a blief while

ico-legal dispute can be
ood group system. For
er genetic traits includ-.
MNSs, Rh or CcDEe,
red-cell proteins

de of inheritance of
known. We may, if

atoglyphics 106 can
question.

of different types of
f metabolism with the
"to the development-of
ncompatibility between
we know as the Haemolytic
or Erythroblastosis foetalis.

getal blood (Rh+ve) enters the mother's
-which, therefdrg, acts as an antibody
Jystem. Mother's body, to destroy this foreign
oduces anti-Rh antibodies which, if allowed to pass
sthrough the placenta can destroy the foetus. Fortunately in.
normal circimstances it does not happen because placenta
is a semi-permeable memberane that allows only small par- -

-licles to pass through (antibodies are mych larger in size than-

the antigens). If and when the placenta gets injured (e g. if an

the time of délivery wheri the ch»ld has to be detached from'it}.
these anti-RK antibodies enter the womb @nd destroy the sub
sequent foetuses. The study. of such. incompatibilities has re-
sulted in prevention of hazards. In the case of Rh-incompat-
ibility, for exampie, injection ‘of anti-Rix Bovine to the mothel
within 72 hours after each delivery destroys all anti-Rh anti-
bodies and removes all apprehensions regarding subsequen
births. Incidentally about 85% of human population i is Rh-posi
tive, remaining belng Rh-negative.

GENETIC COUNSELLING
GENETIC cdunselling or genetic advice is sought by the peopk

s (haptogldbins and - .

ing ability, secrétor

her.is Rh-ve, but. . -
Because;of . ..

eavy’ physical Jabour or al | ...
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.who themselves-or their previous generation have a history of
a genetic disease. Hundreds of genetic diseases are known
today: some of them inherited in autosomal dominant way,
others in autosomal recessive fashion; Some are sex-linked
= while in many others the mode of inheritance is not known. In
the case of genetic disease with known inheritance, anyone
with fair amount of such knowledge as also of the pedigree of
concerned disease in a family. can advice for the benefit of
advice- seek\ers Generally two kinds of people séek such ad-
vice. Frrslly couples who have a Iong hrstory of a disease in
comprises of those from different families (with history of scme
disease) who seek advice regarding marriage. Incidentally, a
large number of persons for whom the advice is sought, are
not affected. (This is more true in the case of autosomal domi-
nant inheritance). In all cases of genetic advice, however, a
geneticist has to act, not merely as a counsel, but also as a
social reformer too. He has the responsibility of exposing the

inhibition associated with certain diseases and bnngrng
confindenc to the affected. 2

HYBRID VARIETIES

THIS application of genetics is bey,
for the green revolution brought throt
cereals, vegetables fruit etc. t
lation couid never be sustai ’e
delism has saved this worl
the species (including whi
maintenance of ecologig:
world, have been broug
extinction. Though thisg
on plant and other am
immense.

NOW the question is
_ we would have been:d
~The answer is & sim
-.scierice of genelics
covered about 30 y
lhe conclus-ons whi¢

' MOLECU

IN ORDER to have an
Tial, it is requised to ha
ture. All living cells are C

the nucleus (which'is the.ma
Within- the- nucleys . occur the*
‘long thread like structures called
. chromosomes that he genes-are loCa
< occur in pairs, therefore it  follows thaty
pair. Each member of a pair of genes is
and.allejes are present on the same loci on a D
gous, chromosomes.

EVERY type of organism is characterised by a definite number
of chromosomes. For man this number is 46. This number is

“chromosomes and the X, chromosomés is represented twice
in females to'make up the 23rd pair: During the formation of
gametes, the two sex chromosomies. segregate and enter dif-
ferent gametes. While females -produce only one type of ga-
metes (i.e. one having X+22 chromosomes) the males pro-
duce two types of gametes ie. one having X+22 chromo-
somes and another having Y+22.chromosomes. During fertili-
zation two gametes, one from éithegr parent combine to form
the zygote. The zygote wit '-b" =% female or a male, depending
on whether the male sperm’ which fertilizes the zygote con-
tains an X-chromosome or.&-Y-chromogome respectively.

represented in the female as 23 homologous pairs of chromo- .

“somes. In males there are only 22 pairs of homologous chro-

: ._.-‘\.mosomes constituting the: autosemes, and there are.two.chre-
" mosomes which are markedly different from each other, i.e.

the X chromosome and the Y chromosome. These are the sex .

. Vaid's/2012-13/ANE—4
THE question that arises now is that, why are there only 23
chromosomes in the human gametes and not 23 pairs (or 46
chromosomes)? The answer lies in meiosis. In all sexually
reproducing organisms two kinds of cell division are found —
namely mitosis and meiosis. Mitosis, which occurs only in the
somatic cells, is a mere reproduction of one cell into two
equal halves. Meiosis, which occurs only in the reproductive
celis, is different. This type of cell division occurs in two stages.
During the first stage, also known as reduction division, one
parent cell having 23 pairs of chromosomes (i.e. diploid num-
ber of chromosomes) splits into two daughter cells. However,
each of these daughter cells receives only one of each pair of
chromosomes. Therefore two daughter cells, each having only
half the total number of chromosomes (i.e. haploid number of
chromosomes), are formed. The second stage consists of a
simple mitotic division of the two daughter cells. Therefore, at
the end of meiosis four gametes, each having haploid number
of chromosomes (i.e. 23 in the case of man), are produced.

S in mejosis that the physical reality of Mendel's laws is
zeause it is during meiosis that segregation, crossing

g Parent Cel

(Diploidy.
Reduction
‘8 division (haploid)

Mitotic division
{haploid)
ance of meiosis. lies

each of which has

;omes for each type
ration after genera-
¥ gametes (one from.
fes did not have hap-
1 the number of chro-
doubling with each
iieiosis ensures that the
pe of organisms stays
ration.

f gametes are produced,
n other words, no two ga-
anatrons that are found within-
h ‘queness of: gamete

When a|| 23 parrs of chromosomes as they exist in hu—
_mans, are considered th_en 8.3 million possible _comb_r—__

‘r -

nations are possible. N

(b) During reduction division, at a certain stage the chromo-
somes align themselves along the equatorial plane ol
the cell. This alignment may take place in such a way

s.-ltis this-fact that.........




)

-that more genes are inherited from one grand parent
(say father's falher) than the other (i.e. father's mother}.
This factor also immensely adds to the variations found
between gametes. ‘

(c) Besides, due o crosclng over individual chromosomes
have genes from both parents. Since the amount of cross-
ing over varies from instance to instance, therefore, the
chances that two gametes will have the same genetic
compgsition is very, very low.

THUS, millions and millions of genetic combinations are pos-
sible, and added 1o this are the effects of the environment.
Thus, the possibility of two gametes being genetically identi-
cal are so low as to be near impossible.
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of life, consists of a pair of very long chains of polynucle-
otides. The nucleotide units irthese chains are linked in such
a way that a backbone of sugar and phosphate molecules is
formed, from which the bdses which are attached to the sugar
molecule, stick out. These two chains are connected to each
other due to the hydrozen bonding that exists between the
bases. Since the distance between the two chains should be
constant, and also since Purines are larger in size than the
pyramidines, therefore, of the two pairs of base bonded to-
gether, One has to be a purine while the other is a Pyramidine.
Besides due to the nature of the bonding, Adenine can pair
with Thymine only, while Guanine can pair only with Cytosine.
These are thus also known as "complementary pairs”. Further,

the two chains. coil around each other to form a double helix.
WATSON AND CRICK MODEL Four Nucleotides of DNA

THE question that arises now is that how are-the genetic ele- F - ‘1 r _P‘\ rD —P‘l rD'—I;I

N ments to variability codified within the chromosomes? This - -

L= puzzle was first solved in 1953 by J.D. Watson and F.AC. || ”l ”l I | |
- Crick, who discovered the biochemical structure of t _add__ € 1

mosome. ugar molecule -
THE primary organic compound found i

the nucleic acid. There are two kinds
yribose nucleic acid (i.e. DNA) and B
These nucleic acids are actually
‘called nucleotide. Each nucleg

(i} A 5-carbon sugar molg
Deoxyribose in case

(iiy A phosphate unit.
(1) A base molecule

THE bases in DNA ar
“nine (G),- Thymme M
- are larger in size.-angl
_smaller Thymine a
""RNA also has'siml
. being that ANA has
THE basic siructure

i%ﬂ

iand of DNA contains.
erences between the
guence of the bases.
n triplet sequences
dit this understand- . ...

. _ ,eeym@ln Reproductive Biology

The underetandmu of the role of, cytolo gy in reproductive brolo

involves the understandin'g of antigen-antibody relations |

A and B antigens are formed in eighth month of preO- .
nancy and 1mmed1ate]y Jhereaﬁ correspondmg antibodies.
'appear in blood plasma’ Therefo e, theSe are: called Natarally -

-Antlbod'y' (in'Plasma)
| _Anu_B,. Occurring Antibodies. Mixing of blood of mother and fetus
] R "'I can result the death of fetus (due to agglutrnatron) if the two
Alh —-| are incompatible. This occurr in only rare mstances if the i
' |_____ _'_-:_ ] placenta ruptures SR "

|

I

|

| | . N

L_Aml_A Ann_B - —Rh Bl Lo
: — ood Group System |n Reproductlve N

- I

I

I

|

1

|
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—|B|ology N o L

] ) . If one is Rh Rh antwen is presen and 1f Rh then I
Rh antroen i$-absent (because ‘there is 1o naturally ocurrmg antrbody) ‘Anti Rbi antibodies are’ ‘spontanecus itibodies which [ ::
are produced at the time of need. If father is Rh™®, mother is Rh ve, and the fetus hke father is Rh“"e then only these antibodies

- are produced. - - S . :

All fetal sysiems are continuous with. those of the mother throuoh placenta. As feta] blood enters the mother for purification,
mother's blood reacts (as it has no Rh antigen and therefore it is a foreign body for her) to produce Anti-Rh antibodies. If these
antibodies enter fetus (through placenta), these will destroy the fetus. Normally it does not happen because firstly these
antibodies are very heavy (atleast 500 times heavier than antigens) and secondly, placenta is a semi-permeable membrane.
However, in rare circumstances. if there is any injury to placenta, these antibodies could enter the fetus and create compllca—
tions. In normal circumstances, ﬂﬂs does not happen but at the time of the birth of child the placenta has to be cut, the-blood
oozes out and the Amnti- Rh_i:antibodle§ preset get embeded in the walls of uterus. The baby is removed and is safe but all
. L subsequent fetuses may resuit in spontaneous abortion.
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_ POPULATION GENETICS

THE rediscovery of Mendel's laws led to a tumoil in the scholastic
_circles. Mendel's theory came into direct conflict with Darwin's idea of
cvolution. Mendel ad dentified the individual as the basig unit for
evolutionary studies, while Darwin had identified the population. This
conflict continued for nearly three decades, until it was finally realized
that the proper unit for evolutionary studies is the common gene pool
of the entire population and the evolution is ‘the change in the frequency

of genes in this gene pool. This realization gave birth to population
genetics. '

CENTRAL to population genetics is the concept of "\/Iendehan popu-
lation”, which may be detined as a grop of people who share the same
gene pool, In other words, it is a group potentially capable of su

ful reprodudtion. It is a distinct and closed _genetic
words a "breeding isolate”. An isolate is a group
now and has been for sometime past totally sgj
and is reproductively unstratified so that alk
“in the saimig gene pool. The concept ofdy
>lmglc as il seems at first look. Thi
“exist in a series of hierarchies; dep
sharé the commw@

tion may contain (and oftenddbe
populations within it. The
cies.

THE lmportant thing ab
a breeding isolate. T
such as geagraphice
the members of the
this prolonged-inbré
between dllferent e‘

SE changes in th

breeding isolate can B
of genetic_equilibriom
Weinberg. This law

certain conditions, the pF
tion will remaln' constant, ¢

(r) All matlngs should ‘bé-ran
there is no inbreeding nor hy

_..{ii} Natural selection is not actlng on
(iii} The alleles under sfudy do not underg

rv) The populatlon is lnfrmtely large so that-1l
sampllng errors {i.e. genetic drift) due” 1o -small popu
. tion size.

iefefore: thére is no' population which ‘can.stay in“a genetic. -
.+ equilibrium. In olher words, all populatrons have.to evolve. A"
"closer ook at these four conditions reveals that;/ thenet-thrust:
of this equilibrium law can be summed up in the followmg
statement:

A POPULATION will stay in a state gf genetlc equrllbnum pro- -

vided microevolutionary processes do hot act upon it.”

THE significance of this law lies in the fact that, by being able
to specify under what conditions a. static genetic equilibrium
wili exisl, one can see, measure.- and analyse change in the
frequency of genes in the gene ool of the population under
study.-The genetic equilibrium. may be thought of as forming a
sort of inertia that has to bg’overcomeg; if evolutronary change
is to occur. It tends to preserve ganns ‘made in the past and

QBVlOUSLY no populatlon can—satrsfy all these-condltlons, .

prevents too rapid a change. It also keeps a store of recessive
genes continuously in existence, even though individuals ho-
mozygous for these rarely appear. These stored genes may
be made use of, if-and.when.the environmental conditions
change ‘

& HARDY WEINBERG EQUATION

According to Hardy Weinberg equation, “the proportion
of genotypes of a gene is represented as the proportion of
square of the sum of the allele frequencies. it means, if there
are two alleles of a gene in the proportion of p : g then the
genotype frequencies wil be represented as the proportion of

——(p+rgptorp’ i 2pgiqd
/= ifithere are three alleles in the proportion of
pe frequencies would be represent

r2:2pq:2pr:2qr

ation has a number a appli-
netice as follows :

ructure of populgtion a

and a recessive.

) can be caluculated
the percentile of non’

as in MN biood group.

‘M’ & ‘N’ allele — M’ is
N is represented twice in
ented singly in blood group
flem represents its allele fre-

O blood group system where A

2B’ by-q and'that of "Qlbyr:
be calculated by taking the underroot of

r=~0
p & g canbe calculated by following equations.

O+B

o 1

- 1‘-=..f_1.'.—a o A -

2. We can find out the direction of evolunronary change in
a population in twoways - :

(a) Studying the population tW|ce aver a penod of tlme The
difference in allele frequenciesepresents the directior
of evolutionary change.

(b) Studying a total population, dividing into different age
groups : children, adolescents, aduits , middle age, olc
age. Calculate allele frequencies for each age group
The regular change in allele frequencies from old age
children represents the direction of evoiutionary change

3.We can findout the nature of a population i.e. whether it is :

cessive. The. frequency of ‘A’ 1sj o
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Mendelian population or not. The first step in the this The value of 3 * for each of the phenotypes is added as follows : .
regard is to findout expected values of various pheno- S
N ~ types as fallows -

A = (pf + 2pr)n

)

& g
N

r
%

(observed —ex ected)
ZXA B,0,AB — z P

£iT

2 B' = (% + 2q7n : expected =~ = . *®
- 0 = ()n If the value of 2.%° is les than 334 (df = 1, p < 0.05) then we
ﬁ% consider it to a random mating or mendalian population.

A'B'=(2pg)n

4. We can test the validity of a samplc drawn from prekusly
known Mendalian population. If Y 1* is < 3.84 then that is true
- representation.of the population.

Where n represents the total observed populalior; size. The next
step is to find the deviation of observed values of phenotypes from the

expected values of these phenotypes. This is done with the help of a

statistical tool ¥ ;* also known as the test of goodness of fit, as Hardy-Weinberg equation with its base in H.W. principle (1508)
= follows. . gives us the basics of ali the population genetic studies.
o , (Observed —expected)’

~ expected
S 1

3

[

55

ik, .~
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“ METHOD OF GENETIC STUDY OF MAN

-y

%

PEDIGREE ANALYSIS m — Affected male

THE genetic information collected on the family can be summarized e Affected female

concisely in a pedigree (family tree) and the inheritance pattern of a

particufar disorder in a family can be determined.

i ’ — Propositus
THE drawing-up of a family tree or pedigree chart begins with / i P u (male or female)

e allecied person lirst lound 1o have the trail and through

whom the family came to the aliention of the investigation. ;

This person is referred as Proband, or male as propositus Ll O — Heter ozygotes for ’A.‘Utosomm
and female as propista and indicated by an arrow. The ne; i o0

step is to ask whether any brothers or sistergs 2, Carrier X-linked
been similarly affecled and after careful qugstiBiii
of all maternal and paternal relatives i {

A TRAIT which is determined by a6
autosomal trait (dominant or recg

dominant inheritance

cted parent, to the
tant gene .arose. by

dn (with one affécted
da- normal mate will
ted. .

will not‘ have affecté'd.
skin blotches, chilts and

3

- No. of child

N VAfféc'teg male

PROBAND
— Two unaffected females

_ :(_2 =8:12=2:3 Close to 'e'xpected' 1:1
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®

........... *only-one in th

tabolism, deafmutism an

& (Aa)

3. SEX- LINKED TRAIT

. The X-linked recessive inheritance shows the followmg
- pedigree characteristics, provnded the gene concemned is rare :

POLYQACTYLY (small appendage on side of the hand),

Achorfiroplasia (dwarfism), . Porphyria variegata (metabolic

digorder) etc

Affected Parent (Aa)
|

N v

; Gametes -
‘ I N T
— 1_ —_—— —_———
a I Aa ——I aa
Normal | (affected) | (normal)
parent -t

Aa | aa

gametes — a | |
| (affected)| (normal)
I

The. autosomal-recessiy

(a) Almost never (nf gene i
parents, ancestry or cgl

* of normal childret
frequéency of pa

(d) In small sibships |

Eg. Cysncfb;osgj

Normal _ |
Heterozy- - -
gous. Parent

| (normaly | (affécted)”
| _'He'temz'y'.

1. The disease appears almost always in males whose
mothers are unaffected by heterozygotes carriers of the
_mutant gene.

2 Each son of a carrier female has a 1: 1 chance of being
affected.

3. Each daughter of a carner female has a 1: 1 chance of
being carrier.

Lo
i

Homozy. =

Vaid

's/2012-13/ANE—9

Pedigree Pattern of an Autosomal Recessive Trait

0

it the gene to their sons, but

ghters, who will be carri-

the gene. Eg. Hemo-
e mmuscular dystrophy,

_CarrierFemale (X") -
. _ J. '
L Gametes ]
oxh
Normai | | camer | nomal
male (XY) daughter |daughter
~gametes —» Y xhy Xy
affected | normal
son son
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Py

* AnXiinked dominant

to-half her dayghters:

‘Basic prerequisites for analysis are : -

- PHYTOHAEMAGGLUTININ (PHA) ;s used . lo separale whit

Pedigree pattern of an X-Linked recessive trait

| [j———{)

PROBAND

as in@ having- the m
An alfected female tra

ease 1o all his daughler
D-resistant rickets, Xg bIS:

Y-LINKED inheritance (Ho
affected and trait transmittéd

CHROMOSOMA

1. Cells in metaphase stage.

2. Accumulation of sufficient cells )
3. Preparation of a cellular suspension and flxatlon
4. Slide preparation.

" 5. Karyotyping -

hlocd cells from red blood cells and indue ihilosis in circt-
lating lymphocytes A less. toxic colchicine is added and

~ treated the cells.to prevent the formation of the splndle body-_ 3
and arrests the cells at metaphase Jtacts to shorten chroma-

tids, promotes contraction and w»de_nlng of the chromosomes,
and helps in accumulating cells in metaphase. Hypotonic so-
lutions cause osmotic swelling of the cells and promate dis-
persing. of metaphase chromosomes (sodium or potassium
citrate, KCL). 1t facilitates counting’and identification of chro-
mosome. Fixation produces<Hgrdening of chromosomes
(methanol/ethanol and glaci Getlé: acid mixture, ratio 3 :1).
The slide is prepared by rupunenng cells by drying in a sus-
pension. The slides are st'med by usmg Giemsa stain, Feul-

] Vaid's[2012-13/ANE—10
genetlc. - ¢

FOR karyotyping, different banding techniques are employed
as follows :

1. Q-Banding : A QUINACRINE mustard, a fluorescent
alkylating agent, binds selectivily to the guanine residues i
DNA. This banding characterises the brightly fluorescent seg-
ments of the chromosomal regions, identifies polymorphisms
and Y-Chromosome.

POLYMORPHIC regions that can be distinguished by Q-Band-
ing are :

1. The centromeric regions of chromosomes 3and 4.

2. The short arms and satellites of chromosomes 13-15
and 21-22.

3. The distal long arm of Y-chromosome.
DISADVANTAGES
1

g

t needs a fluorescent microcope.

fapid quenching of fluorescence.

bands and sub-bands is difficult to appre-

thod after the protease treat-
d. It enchances the chro-
ults in a permanent stain.

tion regions are seen

romosome.

4 denatured by differ-

rochromatin Stain-

reated with alkali so-
saline and stained

5) and G (21-22) group

ns of chromosome 1, 9 and__‘

he Y—chromosome

“This technique is suitable for demon-
changes involving-telomeric regions.
e bands of R-Bands which are resnstant lo treat—

denaturahng agents s B

FAMILY MEF HOD _
A COMPREHENS)VE history is an important step in the -analy-

sfs ‘of any disorder. Accordnng {o"Childs (1982) 1o fail to fake'¢
-.good family.  histary is-bad.medicine .and. someday will be ¢
criminal negligence. \tis an lmportant method from geneticis

to clinicians :
1. Helpful in diagnosis. :
2. Tofind out whether the disordes is genetic in origin.

3. It can provide information ahout the natural history of the
disease and about variation in its expression.

4. It can clarify the pattern of inheritance, indicate whicl
other family members are at risk and allow the risk ¢
occurrence in those persons to be estimated.

FOR an adequate family history, it should start with patient, about hi
relatives, cousins, parents, grand parents, uncles, aunts,. The informe

-chromosomes. are..........
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_tion should include names, date of birth and death, present and past twin method is used in the assessment of genetic determina-

medical conditions. Early infant deaths, still births and abortions should tion of a character. @iemens (1924) provnded three-fold use of -

be noted. Consanguinity of the parents or grandparents and geographic twins in genetic research :

or ethnic on'g_in should be documented. If a patientis a ch;ild, infgrma-, ) lnvestlgahon of normal variability becomes possible.
_tion about the mother’s pregnancy should be recorded with-particular L )
attention 10 very early events c.g. maternal infectious and metabolic 2. Method for determination of zygosity. .
disorders etc. and also obtain medical records if a family agrees. 3. The degree of genetic determination of a trait and its
variability modified by the environmental influence ase .
indicated by the similarity between MZ twins. In Dizy-
gotic twins 2 degree of genes are common by descent,

IT 1S useful to summarise the family history as a pedigree, which is
essentially a method of recording genetic information ifi a form that

| - .

can be rapidly and unambiguously interpreted. which provide a control.

WEINBERG'S differential method is used for the determination
FOSTER-CHILD METHOD of frequency of DZ and MZ in a population.

THIS method is particularly used to study the nature-nurture aspects, Unliked sexed twins ® 2 separate Zygotes XX and XY
- usually related to mental traits. If a group of children is randomly Liked sexed twins ® simple relation to that of the unliked
divided into several groups, then the average genetic endowment of the sexed ones.

children in each sample should be-the same in statistical sense. In case . s

the children of one group are placed in adoptive homes of one kind and Secondary sex ratio 1: 1_) bz 6'6’ dQ' and QQ

Ya: Vo Va

Et:sexed ones ® V4 + V4 = unliked sex = %

0 27 = 2 x DZ of same sex .

. Frequency of all twins — DZ

the children of another group into adoptive homes of the oth
then each adoptive home will have some effect on the d
- the children; which can be compared.

"IN CHICAGO, the studies were carried 0

selective placement was minimal. The y

as poor, average and good homes. Thef .

:ﬁore:js o{_theh”ldopted children were: gped : qued that the MZ twins would
¢ adoptive homes. ‘ - ; Teristics than the DZ twins. In
Good homes : 45 adopted i typic identity.

Average homes : 39 adop S« ' Btributi bs to genetics has been -

characters. Since MZ

. t=]al es between them must
THE above observang { 3 - : the measurement of

= of lhle hgme_ e_r_uyirgnm Lihennte i ) Bet A7 twi 4 direct estimate of V.
& Vg + Ve. The herita-
cy with which pairs

Poor homes : 27 adopted

.. -group- (119 102) threet
tional group 'scored- hug
rdant pairs.

to the fact that the latter rese
N mhented pan of their parent

s in whiqh‘ both members

t )ges . performance

“depends in p: ' wirient from

*their biological parents and is to a
““of the educadtional status or lhe intellk
= their adopted parents.

OSBORNE (I951) stated the followmg essential reqm
' mg the foster child technique :

H15 threshold, relatively small environ-
it place him on one side of the threshold

S wronment of thelr ongrna! hhome:.

" tance of heredity and.envireriment-in. normal_variation-and._ir
c) Adequate sample of adoptive home children at vanous disease. Traits or disorders having important genetic compo
social levels must be included in the. survey. nent will. be found in higher frequency in the co-twins of af,
The | nild hould f | i - fécted monozygotic (MZ) twins than in the co-twins of affectec
(d) e foster children should form ‘one popu ation to elimi- ~ dizygotic (DZ) twins.

nale ethnic sources of variation. - . S . -
- Eg. of Twin studies involving =

TWiN METHOD 1. Chromosomal Aberrations,
TWIN study approach tends to under-estimate the extent of 2. Mutation in sporadic cases of disease,
environmental variation. For the:behavioural traits, it is difficult 3. Traits with complex inheritance : Heritability estimate
to accept that the environmental@fiérence between two mem- {(h?) by the formufa.
bers of a twin pair is represéntative’ef that between two ran- h? = [(Variance in DZ pairs — Variance in MZ pairs)] / Variance i

dom individuals in the po

anon Paul (1914) said that the DZ pairs

rdant (only one af--
genes, the concor-.
¥7.twins. The congor-

’ o A'NEW approach to-the use.of twins in genetic analysis. com-.. .

(a) Foster children must be . placed in the adoptlve home. ... “pares the offsprings -of monozygous, twin pairs for the charac-"
- sufficiently early to be relatively umnfluenced b)/ the en-  ter being studied. The children of monézygous twins are ful’
LT . -sibs, .of course.and. also-half-sibs of the children of the'¢o- "=
_twin. Twihs have proved useful in welghlng the Telative | lmpor" s
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; ; = o W =0, xhe character is environmental ) lulose sheet. The DNA in the gel is carried along in the flow of buffer

| o . Ifh?=1, the character is genetic. solution but becomes trapped on the nitrocellulose sheet.

: R 4. Diabetes mellitus, : FOR hybridization, the sheet is entered in solution with DNA probe
& - 5 Cancer (labelled) and recombinant DNA obtained.

| 6. Behaviur Geneues, .
% 7. Congenital Malformations, AGAROSE GEL
2 8. Cerebral\palsy. n ELECTROPHORESIS
.. Limitations
@ 1. The main drawback of the twin method is that though it
- tells something about the strength of the genetic predis-
& position to develop a disorder, it gives no insight into
_ genes concerned, their mode of action or their pattern of
& transmission.
2 "o many conditions studied even the MZ concordance
) rate is well belgw 50% indicating that environmental fac-
e tors operative before birth are important in causmg them. V]
3. Although twin method assumes that postn
) ment difterences are constant for both_ tyf — - — -AGAROSEGEL
y this a ti b
S is assump lon.may e unwarranted GLASS PLATE
= 4. Itis related 1o bias of ascertain,
3 rate indentifying concordant TEETH OF SLOT COMB—

5. Twin studies’ results are ins but not !

! ELECTRODE
to whole of the populati
= o
—~ =]
The term refers to the join GEL %
not normally found togeth =
ent species. ¢.g. when a3st .
genome is recombined wj i i
THE DNA is first diges| e
a nucleic acid clearing
fragments at a specific § —
- . gel'elecirophoresis i “PERSPEX
~As they have a negati LFBUFFER TANK

towards the positive terij
" gel and allowed. to migrd
the gel act to sieve the.

phoresns becwuse_ot dlfoSI&
Upon the oel can be deduce

m@«@@@-@@@@@m

. gel i$ stained by. &t i'dxu-m )
detect 5-10ng of DNA. DNA is -denit
ferred to nitro cellulose sheet (southern Bl
-~ - jscarried outby placing dry-paper-towels. on i o ‘ -

GEL

= |
. % .. of the gel and nitro-ceHulose sheet. This leads to % .
T "'bulter solunon trom the gel mlo lhe pqper ‘fowels’ lhroug UFEER 7 _ R N
8. o / | 2
, @ COI\_ISTRUCTION OF RECOMB|NANT DNA : %
S ' o i N =
e ol Z
& // il
22
= PLATE
GROVEFOR
SPACER
TOLOTS » -+
o) AGAROSE GEL -
%Sh
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DIRECTION OF ELEC-
TROPHORESIS

TRANS-
FER
BUFFER
FILTER

-

SOUTHERN BLOTTING

PAPER WICK
HYBRIDISE
WITH PROBE
NITROCELLU-
LOSE SHEET
BAGWITH
DNA PROBE

L ST A e
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KARYOTYPING

KARYOTYPING is a laboratory teachnique that has been ap-
plied by blologlcal anthropologists in their own laboratories.
This techniaue, which allows the inspection of the chromo-
somes and chromosome sets of human subjects, requires a
modest amount of laboratory equipment but is labour inten-
sive. It involves the culture of human cells, usually peripheral
white blood cells, for several days in an artificial medium
(Sutton, 1980). The process of division are thus held in rela-
lively slable state of suspended cell division at a point where
he chigmosomeas are N their 'most visible form. The cells are
then immersed in a nypotonic solution. In such a solution, the
salt concentration is lower than that of body fluids, mc|ud1n
the intracellular fluid; therefore, water moves in
inflating them and spreading out the struct
The chromosomes are ‘spread out sufficier
from clumpmg or slackmg in the prepa

l SUl 4- 5(!)

ﬂl H _M o 2] xx'u

|zmxm o

;*oa u

- mo\ e-isin
1Y 'x! - ' dé\::;i u i
19-20 tF} e 220 ¥ (6]

s,
upt

W RIS

A fixative is then applied along with a stain that is specifically
attracted to the chromatin that makes up the chromosomes.
The slides are then photographed and the photos enlarged.
The photographs of the individual chromosomes are then cut.
out and arranged into the categories making up the lotal hu-
man karyotype.

Figure below shows aspread made from a lymphocyle
cuiture and the subsequent arrangement of the photographs
of the individual chromosomes into a complete human karyo-
type.

THERE are a number of fiiorescent stains that are attracted to
u»%areas of chromosome. When a chromosome prepa-
ek with one or more of these stains, a fluorescent
be seen on the chromosomes. The bands,
atterns that permit chromosomes to be
ther with a high degree of certainity.
preparation with heat, acid,- or .
lown proteins and prevent the
thus treated at a normal body
ih pH fir a tune, it is possible
ngside the centromeres
ertain chromosomes (1,
chromosome, and the
es. When this proce-
led C bands (C is for

gl
It'is also po&s
alkali in order 1

n be accomplished

sa stain can reveal
5. The application of
roduced in G band-
es would otherwise

by a series of such
segments . of” ehromo:-
ree of precision. A highly
as been adopted to des-

me segments using the

-pr
al vanatlon wnthm and between

parisions-of the -¢hromosomes ‘and karyc-
ent species. The evolutlonary relationships of
primates have been a major focus of this line ‘ol
_research. The use of banding techniques to'compare the chro-
mosomes of the great apes, other primates, and humans has
conﬁrmed-the close relationship between cblmpanzees._gaﬂl .
“~tas, and-humans and: greater- phylenc distance between oran:
gutans glbbons and humans

ations prior. to staln—-_ L

ns of living humans. They have also™
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- MZ-MZ correlations

T B MEZ pairs: e

""-'-‘TWIN BIRTHS
- 1: Maternal agé & birth.order : Twin: birth.ihat too DZ. .
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:  TWINS

EACH person has a unique genetic constitution different from
every other living person and exc8btion lo it is that of identical
twins. Francis Galton (1876) was one to assess the use of
twins in nature-nurture problem study. He divided twins into

two types !

1. IDENTICAL (MONOZYGOTIC) TWINS

TWINS resulting from a single egg and sperm fertilised and
give rise to two cells and each one dlfferentrates into a single
fetus.

2. FRATERNAL (DIZYGOTIC). TWINS

TWO éggs are fertilised by two sperms giving rise to two di

ent fetuses.

DIFFERENCE BETWEEN MON

DIZYGOTIC TWINS

/ Monozygotlc_ Twins

1. Arise from one egg -
and one sperm

2. Same sex

differentiated ¢

charian

measure of 'the extegg
mrneq Even the supgii
twins gives an immedi;
inheritance may be str
members of MZ\twins

lrrvésligatron' of normal \)arla
2 Method for determmatron of z

-3 Dunng study of behavioural traits DZ prov
FACTORS INFLUENCING FREQUENCY OF

_ . increase with maternal age due to increase in gonadot

st ropin: fevel (FSHY teadingito-pelyovulation.. BZ-alsgir
creases with birth order also.
2. Genetic factors.

3. Differs in different races.
DETERMINATION OF ZYGOSITY
1. FETAL MEMBRANES |

ON FOURTH day after fertitisation arid subsequent cell djvi-
sion, a 16-cell solid ball formed:-is 'called morula and, on 6ih
day, blastula, in which outer layer Jis"trgphoblast and inner,
cell mass. The outer develops irito chorich: forming fetal com-
ponent. In the IInd week, fetalinembrane forms amnion. MZ

LA, .
sy

s

twins have : 2 placenta, 1 chorion (always) 2 amnions, while
DZ have 2 chorions.

2. PHYSICAL SIMILARITY

IF TWINS are so much alike that they cannot-be-separated; ...

then 95% probability is of their being MZ pair. If the pair differs
in some genetically determined traits e.g. eye-colour, webbed
toes etc., these ought to be DZ pair.

3. DERMATOGLYPHICS

THE finger pattern is detérmined largely by the genetic
consistution. If the correspond ing hands of twin pair are alike,
er the palr is MZ, but in the case of DZ twin parr the pattern

arkers such as blood groups,
»sex. The more markers are the
that the twins are monozy-

lated if the genotypeg.-of.
er a pair of twin boys
se parents are group
s has a priorichance
ion of DZ to MZ twins’
have.1 chance.in 4
agirl, and 1in 4 of -
1/2. The, possible

blood group is IF
=5ex and having same

lese twins being MZ is.

emgMZ (7+12) 19

HE “parental. genotypes are-not known, they can some-
times be deduced from those of their other children or their
parents.

5..SKIN GRAFrs :

in ‘Contains an-antigen diffsrent from host cell

g
. and host produces artibody against and graft rejected. DZ
- twins are antigenically different since there are many allelet - .
‘with several histoincoms- patrblllty Yoci and will reject-if graf:

-differs. MZ will accept grafts*from its codwins, so it js an ulti-
mate test for determination of zygosity.

6. WEINBERG'S DIFFERENTIAL METHOD

IT IS a statistical method conceived by Bertillon and Weinber¢
(1901) to detect how many twins in a population are MZ & DZ
Unliked sexed twins are undoubtedly derived from two sepa
rate zygotes—aone XX and other XY in consistution. Now, the

eing'| 'MM-—MM, 2 e
-MN.'So the chanceé - -
us the probability of -
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- These probabilities for gen

number of like-sexed dizygotic twins sheuld bear a simple

relation to that of the unlike-sexed ones. In a population in

which tbe secon ary sex ratio is 1 : 1, dizygotic twins of the
. C;O lypes should occur according to
e chanceTrequencies ol : 1/2 : 1/4. This means that the

number of like-sexed dlzngllC male and female twin pairs 1/4
+ 1/4, would be same as that of unliked sexed twins 1/2. There-
fore the total pumber of dizygotic twins would be twice that of
the observed: number of unlike-sexed twins. The”"number of
. MZ twins is. oblamed by Sublracllng DZ from total number of
twins.

THE sex ratio in most populations deviates from equality. Therefore, a
more accurate use of the differential method employs, for the popula-
tion under study. the specific values. of p & q for the probability of
male and female sex at birth. The fraction of unlike-sexed twins of all
dizygotic twin pairs is given as

Unlike Sexed Twins Pairs

All DZ twin pairs

- parents are, in geners
" for @ ‘certain locus; 0

twins being genetlcall -
‘eithér AA or AR whichg
heterozygous AA', the pi
gotic twin becomes 1164
(both (AA') = 6/16 = 3/8.

‘for phenotypic:identity if the.
or codominant phenotype and'i
is complete. If A’ is dominant, the
appear alike and the probability for p
twins from two heterozygous parents betcol
+ 9/16 (both having at Jeast one, Al allele) = 10/T6%

ALL these probabllmes 172, 3/8 & 5/8 are hlgh 50 that fin

twins who appear alike in regard fo the locus A will be lully '
compatible with their being regarded as dizygotics. If one con--

wduy dhial b tee patents are both heterozygous not onty for'
one locus. but for many, . then phenotypic ahkeness “ofwo’
spect.- For.

- twins -for- many characters- takes on:a- diff
example, if ten loci with lntermedlate or codd expres-
sion of heterozygotes are involved and one parent is homo-
- spofies forsomie loci-and. heterozygous: for - other loci while
the other parent is heterozygoses for. the first and homozy-

gous for the second group of loci, then the probability of two

Dizygolic twins being phenolyplcally alike becomes 6/2)0, in
- dominance (5/8)'° and in co-dominance (3/B)'°. These prob-

abilities are lower and they become still lower with every ad-

ditional locus taken into account, To classify as dizygotic twins
who are alike in numerous:tr for which their parents were
heterozygous would, lherefore olve an improbable assump-
tion. On thé other hand, it the lwms “were classified "MZ then
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lhelr genetic identity would correspond to single-egg origin

TWIN pairs are similar or dissimilar are scored for differences ¢
between twins by evaluation traits which are either present or ©
absent—Twin pairs with similar traits as.concordant and other
as discordant. The correlation coefficient indicates that all -
coefficients are positively significant as both partners deviate
inthe same direction.

THIS method sngnlfles that the differences based on ge-
netic variation would exhibit greater resemblance in MZ
and less in DZ. .

THE environmental differences are more prominent in DZ.

LIMITATIONS OF TWIN METHOD

1. The results of twin studies can be only applied to twins
but not to the whole population.

2. Twins are less frequent in the population and more com-
mon at high maternal age. They may suffer from abnor-
malities and mental retardation.

l@ ser birth welght can only partly be attributed to
e

tatistical methods. Twin-
heritability tends to esti-

rent-child etc.) Io re-
lows :.

mﬂarity-—e.g.' h.el'ght.

value from the mean and
and dividing by number of - -

maller V.value indicates greater resemblance i. =N
palr is MZ i .

. '3 Coi'fe]ation

’ ‘THE correlation’ ceefllclem for twins.js: defmed as.the: varlance
- of. mean. palr dlllerence as compared to vanance of popl_la
“tion, : ‘ R T,

) y y+g+e

A perfect correlation results when r=1and any quar
titative character determined by additure genes for MZ pair,
=1 and tor other pairs like DZ sib-sib-it would be 0.5.

\

4. Partitioning of the Variance

THIS method is used to determine the degree of genetic
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" ‘reared apart and reare
’ env:ronment on the pi

control character.

OBSERVED value cof a character (y) for a particular individual
will deviate from mean population (y) due to genetlc (g) and

_ environmental (e) factors.

variance of y, V.=V _+V_

HERITABILITY (H) can be defined as the amount of variation
resulting from genetic differences as a propertion of total varia-
tion. -\

H=V./(Vy+ V)
If H = 1, then character is genetically determined;
and if H = O, character is environ-mentally controlled.

H can be estimated for characters determined by the genes
and the frequency with which pairs are concordant (both af-
fected) by the concordance rate.

_ C+2Cr
C+2C*+d

C* = number of concordant pairs in
ascertained independently, d = nu
C is greater in MZ twins is the trait to

THE ditference in H

- VT = Variang

v VTga= Variané
o IfH—Hhenc~‘
ronment '
o If_H orhen lt |ss

e -
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APPLISATIONS S
HERITABILITY estimates have great application in the study of
quantitative and behavioural traits’ expressions and what dif-

ferences arise by change in the environment e.q. IQ, weigh,
stature etc.

THIRD TYPE OF TWINS?

Doctors have identified a third type of twins — some-
where between identical and fraternal — after performing
extensive genetic tests on two young children.

sperm cells fused with a single egg — and said this is.a
previously unknown way for twins to arise.

| They are referring to the pair as “semi-identical” — two
| With fratemal twins, the most common type, the mother
| contributes two eggs, each of which is fertilised in the
womb by two different sperm cells from the father. They

are genetically as similar as any ordinary siblings.

With identical twins, one egg from the mother is fertilised
by one sperm.from the father, and then very early in devel-
opment the embryo splits and two foetuses grow. These
twins are genetically very similar.

1 had an abnormality in sexual development — ambiguous

genitalia — and was considered a hermaphrodite with both
ovarian and testicular tissue. This child is being raised as
a girl. The other twin is a boy. '

| Writing in the Journal of Human Genetics, on-March 28,

2007, researchers said the * sem'i-iden!ical " twins are more

than identical twins.

~ “This suggests the existence of other similar twins that

| have not yet been, and may never be, identified,” they -

wrote.

“I think the most important thing: is that this shows that
our understanding of how twining arises is probably some--
thing of a simplification,” said Dr. Vivienne Souter, lead

I
I
I
I
I
I
|
I
I
|
I
I
I
I
The new case came to light because one of the twins I
I
I
I
I
]
|
-
I
I
|
I
I
I
author of the study describing the twins. |
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o  SYNDROMES

. DOWN'S SYNDROME

'

NON-disjunttion of chromosomes during meiosis may result

in change in chromosome number in multiples (euploidy) er.--.......
singly (aneuploidy). Euploidy in humans results in spontane-

ous abortions of foetus, and therefore, such changes are not
‘found in living humans. Aneuploids may survive even upto
maturity but they suffer from severe mental retardation or infer-

tility. The severity of the condition is a function of the size of

the chremoasome (or the number of genes involved).

DOWN'S Syndrome is the most common and the best known
chromosomal aberration involving the ‘trisomy of one of the
smailest autosomal pairs, i.e. number 21. Also kno
golism (because of the presence of epicap

- Though its frequency at birth is

& “more frequenlly among the .cau :
3,y of all live births. Besidesg AFFECTED HAND
& e Pemos hes hal pared to younger molhers.

a8 mothers-after -40 years dispring are more likely to

S
A

DISORDER

Down's Syndro
. Trisomy

onzontal
Dysplasti¢
Dy

Edwards Syndrome “ |n 800

FIexnon of fingers (second and.fifth -
digits over--

lapping third and fourth)

Rocker bottom feet

‘Cardiac, renal, and intestinal defects
Short stérnum and .small pelvus ‘

&
8

*
@

&

*Patau's: Syndrome (1-in 6000:births) - .
’ o T “47, XX, +13
47, XY, +13

’ Mlcrocephaly and mental retardatlon
Scalp defect
Microphthalmia
Cleft lip and cleft palate

- Polydactyly _
Abnormal ears =
Cardiac, destroposition and inter-
ventricular septal defect
Extensive visceral defects

® N@@FPNHH

Cn du Chat (Cat-cry} Syndrome 1 in 50,000 births) . ;

. Normal Mental retardation \
Microcephaly and round face
Mewing cry

Epicanthic fold

Ll A




KLINEFELTER'S syndrome is best defined a

;somes and one or more Y chromoson

_-fionis uncommon. It
- cal palt_ern is not seeh

- gens and testosterong

-the testicular tubules are (e}

- have the subsequent births with Down’'s syndrome.

PERSONS suffering from Down's syndrome exhibit short stat-
ure, mental retardation epicanthic fold, tendency for
brachycephaly, round face, wide nostrils simian crease in the

_ palm as also a wide ATD angle, stubby hands, large tongue in

an open month. loose ankle joints.

LEJUENE was the first one to study the genetics of Down’s
Syndrome in 1959. He showed that the syndrome was caused
by the trisory.of the smallest human chromosomeé pair, result-
ing-in-47-{+21) chromosomes.. Many individuals, suffering from
this disorder may have only 46 chromosomes because the
third 21st chromosome may get fixed up (translocated) on-a
chromosome of pair number 15.

THE affected persons can be trained in some basic mechani-
cal skills to earn their own livelihood.

KLINEFELTER'S SYNDROME

nadism that occurs when there are two.

frequent forms of genetic diseas
somes, as well as one of the |
pogonadism in the male. Th
approximately 1 in 850 live
nosed before puberty, pal
normality does not devejgl
clinical features are pres
istic are the eunuchoi
legs, the small atrophy
penis, and the’lack 4
as deep voice, beard;
mean 1Q is somewh

satises of hy-
his condition is
pcan rarely be diag

evated by an as yet

in mduv:dual cases.

KLINFFFLTER S qyndro
fertility. The reduced sp
patterns of morphologic ¢
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pink, hyaline, collegenous ghosts. In athers, the dysgenesis is
manifested by apparently normal tubules interspersed with atro-
phic tubules. In some patients, all tubules are primitive and
appear embryonic, consisting of cords of cells that never. de-
veloped a fumen or progressed to mature spermatogenesis.
Hyperplasia of the Leydig cells has been reported in all these
variants. According to some authors, however, there is no true
leydig cell hyperplasia but the leydig cells appear prominent
owing to atrophy and crowding of the tubules.

THE classic pattern of Klinefelter's syndrome is associated
with a 47, XXY karyotype (82% of cases). This complement
has been explained by nondisjunction during the meiotic divi-
sions in one of the parents. Advanced maternal.age and irra-
diation of either parent have been suggested. as relevant in
the causation of this condition. In addition to thig classic karyo-
type, some patients with Klinefelter's syndreme have been
found to have a variety of mosaic patterns, most of them being
46}, XY[47, XXY. Others are 47, XXY/48, XXXY and variations on

theme. Rare individuals have also been found to possess
9

ysical abnormalities, including cryptorchid-
re severe hypoplasia of the testes, and .

zed primarily by hypogo-

-unlike several other
sis of the 45, X vari-

Turner's syndrome
se, (1) 10% have a

some of the long arm
‘deletion of the small
are mosaics. Itis im-
eterogeneity associated
is responsible for signifi-
ontrast to the patients with

DISORDER EXAMPLES O
A KARYOTYPE - -

CLINICAL FEATURES =~ - -

47, XXY 1 in 850 male

Klinefelter's Syndrome
S 46, XY/47, XXy~ births

Turner's Syndrome -~~~ -1 457X
(Gonadal Dysgenesis)
Defective second

X chromosome

female births

Jincreased.. _ .

. Nogniai::'-__yf-.f-. -

I
2
3
4.
5.
6.
7.
8.

U n3000 ¢ .

Tesuou]ar alrophy and azoospermla
Eunuchoid body habitus

Slightly -

- _Gynccomasha )
“Female dlsmbutlon of hair -

..-Short stature
Primary amenorrhea-
Infertility T

Webbing of neck

Peripheral lymphedema

Broad chest and wide-spaced- mpples
Low posterior hairline %
Pigmented nevi

Normal
Normal

bt

Coarctation of aorta.

X .chromosome Te- -

“Increase-in sole-to-os: publ's_]é_ngth B



monosomy X, those who are mosaics or who have deletions
{e.g. 46, XXg—) may have an almostdhormal appearance and
may present only with primary amenorrhea

-~ THE miost. severely affected mfants generally présent during
infancy with edema (owing to lymph stasis) of the dorsum of
the hand and foot, and sometimes swelling of the nape of the
2 neck. The latter is related to markedly distended lymphatic
channels, producing a so-called cystic hygroma. As these
infants develop, the swellings subside but often leave bitateral
neck webbing and persistent loosensess of skin on the back
ut the neck. Congenital heart disease is also common, par-
ticutarly preductal coarctation of the aorta and aortic stenosis
with endocardial fibroelastosis, anomalies that may account
for some of the early deaths.

THE principal clinical features in the adolescent and adult are
cited in Table. Al puberty there is failure to develop normal
secondary sex characteristics. The genitalia remain infantile,
= breast development is inadequate, and there is little public
hair. The mental status of these patients is usually normal
a few may exhibit some retardation. Of parti
in establishing the diagnosis in the adult
stature (rarely exceeding 150 cm in hei 5t

T

55
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rhea. To be noted, Turner's syndrome is the single most im-.
portant cause of primary amenorrhea, accounting for approxi-
mately one third of the cases.

AS MENTIONED earfier, both X chromosomes are essentiaf
for normal development of the ovaries. To understand the,
pathogenesis of Turner's syndrome it is essential to review
normal ovarian development. It has been said that "ovary is
the most precisely doomed structure in the human body : it
carries in its makeup the destruction of its own seeds. During
fetal development, ovaries contain as many as 7 million oo- -
cytes. However, the oocytes begin to disappear in utero, so
that by birth there are about 3 million left, and by menarche
their numbers have already dwindled to a mere 400,000, Fur-
ther loss continues after puberty, and when menopause oc-
curs fewer than 10,000 remain. In Turner's syndrome fetal
ovaries develop normally early in embryogenesis, but the ab-
sence of the second X chromosome leads to an accelerated
loss of oocytes, which is complete by the age of 2 years. In a
gnse therelore, "menopause occurs before menarche, and
,are reduced to atrophlc fibrous strands, devoid of
_streak ovaries”). The reduced estrogen out-
eads to elevated pltunary gonadotropin
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- GENETIC IMPRINTING OF HUMAN DIS—

’—}_ -

| EASES "

i

\
GENETIC imprinting is defined as the differential inheritance ~ Sexes and the variation of the diseases according to the gen-
of genetic material from the mother versus the father. It is der.

visualised that the male and female parental contribution to

the genome is not fully equivalent and the function of a chro- GENE THERAPY

mosome may differ depending upon whether it is maternally
or paternally derived. The paternally derived genes control
the early development of the placental tissues while the ma-
ternally derived genes play an important role in development
of the embryo proper.

THE ultimate achievement in the application of molecular bi-
ology is the technology to the treatment of disease by the
replacement of mutated genes. The geneticists eagerly await
to provide normally functioning alleles to persons suffering
- from genetic disease, thereby effecting a complete cure rather
THE most expected thecry for the mechanism of genetic_im, than merely treating the symptoms. If the germ cells of the
printing is selective methylation of the genom 7 on could also be changed from mutant to normal
one ol the two-chromosomes 1s inactivated re generations, it will bé whatis known as
on one X-chromosome are expressed.
inactive X-chromesome is analogou
---affects the entire chromosome an
gender of parental origin. It inhil
factors and is an. lmportant
function. y

THE concept of genomic,

cases a genetic defect
ited from a particular pal
region concerned wit
effect if inherited mateg
tal development if in

THE good example

progress has been made in estab-
lishing denosine .deaminase deficiency
(ADA). Thls
their high risk of contracting
cyte were infected with
)} under the control of a

njected+into their blood

atient’s requirements
ous effects, but there

~ delelion ‘of Ghromos
. lonia in infancy, I aldele 2] -the
nadism. The individ i stch-of ¢ coding for the 6th

&2 _ nally derived.. In the & fthan valine. Amongst
‘ 15, 11-13); the deleté estigated are muscle.
henfed . therapy can be used

THE characteristics of_ ih cular dystrophy (DND).
- % e case of genes requir-

7 tal retardation ytoxic mo
: ing tongue and seizur
der but have phenotypicalfy
tosomal recessive trait: but’

sion of “b-thalassaemia
pe of a-thalassaemia in

IN CERTA|N autosomal single-gene 166 Ght be found that the inserted gene

-- is-a-difference in-the expression, severita
.. the disease, depending upon the gender o}
“‘ént. eg. hereditary glomus tumour is seen-only.in
*als who have inherited the disease’ from their father. The ene .
. is presumably imprinted in female germ cell line so. that itis target cells is that the foreign genes introduced into potential
ot expressed in the offspring of affected mothers. InHunting-  embryonic cells or by 'some vector might enter the germ line
--{on disease:the ‘age- of onset.of.. symptoms is Iqwer inthose . a
_ who inherit the gene from their father than in those who inherit
+it from:their-mathet, Myotonic: dyotrophy i$- anothier; disgase

ressed'on|y'in the correct cells at the cor-

fer of genes.into somatic cells of one individual is litlle differ-

oftsprings of affected mothers. Although this ¢ould be caused for molecular biological technology.
by some interaction between the affected fetus and the intrau-. .

terine increment  of an affected mother, it is more likely to be tive introduction of the purified human genes into enough of
an example of the effects of genomic imprinting. the right cells so that the gene will be expressed at the right
THE differences between the maternally and patemally de- time at the right rate - neither too rapidly nor too slowly. The
rived chromosomes appear. to remain. fixed through succes-~  desirable DNA must not only enter the right cells and theit
sive mitotic divisions. It is understood-that imprinting affects a nuclei but must be integrated quickly into chromosomal DNA
chromosome in a way which survives: mitosis but not meiosis of the host cell so as to avoid enzymatic degradation. Even it
and at the meiotic division the ormosome must be newly such methods become standard techniques for single-gene
imprinted depending upon the” géhdek of its host. Genetic defect treatment, they would be totally ineffective against dis-
imprinting helps to know the: efféct cf deletions in different orders caused-by chromosomal aberrations or polygenic traits

i

e,
ot per

2

munodeficiency and patients’

ther the in vivo Supply of

be an effective treat-
-Angelman syndromg /i ! : £ y _ by rer-novingr'somé |

normal beta-chain .

and transferred: fogether with -

“regulatory control as its natural homo--

problem in transfemng the normal genes into the corrett

s well as somatic cells. From an ethical point of view, trans- .-

-7 ent-from: organ . trangplantation, but modification of -the germ -
which severity varies with parental origin and occurs in the line Wouild probably represent an éthically Unacceptable area’ " ©

- THE major problem with gene therapy, seems to be the :éf_feC- L



Genetic Load

THE increase in homozygosity, due to inbreeding leads to a
loss of fitness at those loci for which homozygotes are less fit

" than heterozygotes.

GENES which are deleterious when homozygous car belong
to either of two major classes:

1. Genesl that are not, or are only moderately, deletericus
when Heterozygous. The fitness of genotypes AA and Aa
.. .is.then almost the same and genotype aa is at a disad-
. vantage. Under such condition gene frequency of (a)
will be kept very low by the balance between mutation
and selection.
? Oenne for which the heterozygote is the fit genotype,
and s therelore more fit than homozygote; such genes
become polymorphic, so the allele can attain a rela-
tively high frequency and is often called overdominant.

FOR both types of genes, homozygotes will occur W|th in-
creased frequency in the progeny of consanguzneo
and thus the average fithess of the populati
with inbreeding.

Genetic load is a quantity, deSIgne
fitness in a population due to sele

GENETIC load is defined to bet
average fitness of a populati
-all the individuals in the po
__has maximum fitness (Crow
mum fitness and W the fe

WHEN the optimum g

Wmax

(Wi = 1), then gen;@j;;
_.genetic load due o
segregational load.
" distinguish the relatpy

“which are deleterio»u"

'GENETIC. DRIFT

THiE O gong tn\;uutues ma
chance of genenc dnftz
" model for genstic drift;
effect.

IF TWO alleles A & A’ are |
- - the-startingpro ortions-of 5

or the other. As _a result, one, popul3
gene and other population” will have
time for fixation, however, would vary fro
another.

FOR the purposes of constdenng populatlon size effec
needs to take account of the fdct that real populations contain
representatives of a number of generatlons individuals who
don't reproduce, and chance. variability in"family size if a few

marriages produce many- oﬂspnng and ‘others only a few-="" -
V.. Among the offsprings. -
then thie fotal nlimber produced by alf different marriages make
) equal contnbutlons accordrng to i

-there'is likely to be- genetic heteroge

© Wright = Li=L&TF 2N .
L, and L, are number of unfi ed gene in the initial-and
T gene. e = base of the natural !ogarthln

IF POPULATION size in 100 theﬂ IS 1/2 chance fixation after
139 generatinne

THREE are two important pr oeSses where the chance factor
plays an important role. : ;

L,
o
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1. Affect the fate of a mutant gene; Deleterious or disad-
vantage gene can attain a high frequery by chance.

2.'A gene will be absent by chance iy small migrant popu-
lation.

GENETIC EFFECTS OF MATING SYSTEM

A POPULATION which is inbred results in lowered viability
and fertility. By Inbreeding, deleterious recessive genes, most
of which are concealed in random or outbreeding popula-
tiens, are brought to a state of homozygosity. Inbreeding de-
pression is directly due to loss of heterozygosity and they
have twe different genes at a locus and a greater biochemical
versatility than homozygotes. The particular nature of the genes
and the ways they are integrated into a balanced genotype is
the fundamental basis to the fitness of organism. When all the
individuals are homozygous for the same genes, then the most
desired phenotype or prevailing environmental conditions lead
to low capacily of population to meet changing environmental

!

with great genetic variability has a much bet-
lutionary persistence for although the inevi-
ty means that fewer individuals have

ange. A vanety of genes can be
The major point at issue now
opulations the majority of in-
many of their polygene loci
an the rare homozygous
ch the desired pheno-
mon, natural selection
t homeostatic mecha-
ers high survival value.

n of information and
erson seeking such
usually begins withr
sease suspected of
latives of someone -
iised in this process.

j selllng
. Follow-

iree Construction™
W ho caused the consultand to seek

persons in.the: famlly

TFE pedx oree is constmctcd by employmg standardlsed sy:- bols _
THE ‘male line is convennonally placed on the Ieft and aII'
~-.Normal male- - SEAEE '

Affected male
'Abocrtion
Still birth =

Marriage

illegitimate offspring

pe, the population is in a sense pre-. .

& proband, which is often a ‘child. A stan-.. ...
ory is required of the proband and of any_ _
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: : members of the same generation are placed on the same
;! o3 ; _ g horizontal level. Miscarriages, neonatal deaths, handicapped

or malformed children and parental consanguinity might not
be mentioned until required. Taking the family history involves
constructing a pedigree and listing the patient's near relations
by sex, age and state of health, partrcularly with reference o

(O Consanguineous marriage -

‘ 2 ‘ the occurrence of re!evantgrseases in the family. Depending
\ = No offspring on the nature of the disease involved, the counselor may want
2 S S ~ to. amplify, the tamily history by doing special examlnatrons or
= - - tests on particular family members.
| AT
! & 2. Examination
Marriage, with three ‘ .
) ge, A COMPLETE physical examination of the proband is essen-

offsprin gs tial. A dysmorphic feature is defined as the characteristic which
: is outside the range seen in normal individuals.

\PFOband THE pattern of dysmorphic or other features is generally
& ) more important than a single sign, and as some of
hd dysmorphic features are age-related, reexamination at a
a8 ' mresdate may be
= g] Examined personally :

xamination may permit a confident
he need for further investigation
f genetic disease. It formulates

case of clearly nongenetic
ma ?

of clearly -genetic etiol-
ror of metabolism or a

itified one must con-
required.

uld be screened for

t one have occurred

bility of perental con-
the patient's’ problem
ease. '

ount importance for mean-
us counselling-should nevel

ounselled and adequate time al-

he -depth -of-explanation -should "be
ucational background of the couple. It starts
the clinical diagnostic complications, Haturalhis:
, prognosis and treatmant/efféctive management of the.con=
- .dition and a recurrence risk calculated for the consultants.
Common Mmisconceptions about heredity are as hsted between _-.

: : ol -, disorderis not.genetic, and vice versa:
Autosomal recesswe Heterozygote ' 2. Any condition present at birth rust be inherited.

3. Upsets, mental and physical state of 1he mother in preg
X- “nked Camer fema|e ' o ’ nancy cause malformations.
. : 4. Genetic diseases are untreatable.
Carrier of a balanced.chromosomal 5. If only males or females are affected in the family,

indicates sex linkage.

6. 1 in 4 risk means that the next three children will be
unaffected.

THE possibility of prenatal diagnosis for the condition needs
to be considered as this often encourages the couple to un:
dertake a further pregnancy for which otherwise they right be

structural rearrangement

Normal Chomos_om

analysis.

for the baby's prob- . . ..

ng the family history - -

setting. It needs to include all aspects

“1."Absence of other affécted famrly mémbers means that a o




-reluctant to contemplate.

COUNSELLING must be non-jud
The aim is-to deliver a balancedy
permit the consultants to reac
to their reproductive future.

& - 5. Fo_I_Ibw-Up

MANY consultanis can
some wili require follo

. 2.

29 B

5 - 3.

;}} 4."

- .5 Vanable expressx
6. Inadequiate knowe

-+ 7. Previously undescri

8

. Gonadal mosaicism

~GENETIC screening refers to the a
-of individuals Tor the purpose of 'ded
ousrgenes er-chromosome rearrangems

ITS goals are

--:j’ 1. to |dennfy mdlvxduals wnh genetlc dlsease so th
" imay receive lreaiment to obviate the effects of-the mu-
lant phénotype (e.g. | PKU)

hawng offspring with genetic dlsorders

cal data and expansion of our knowledge of these diseases.

relative suffer wilh such a disease,. tte family becomes a group

“of individuais potentially at increased risk for having affecled
offspring e.g. Haemophilia, Duchenne Muscular Dystrophy,
Tay—Sachs disease. S

IT IS the systematic testing of newborns or individuals of any
age, for the purpose of ascertarnfn,g potential genetic handi-
) caps in them or in their prog a’t-may reguire treatment or
’ prophylaxis.

FTEME
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4
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2 10 igentity. mdlwduals or couplas at mcreased ‘risk tor.

He' Collection of epiderniologi-~

The choice of what groups to screen depends on the nature
of the diseasé. If a counseler has a.genetic disease or a near

SR

tions asked are :.
't available ?
an be administered ?

and other disease detected is
metabolism of the sugar,
ected by simple blood test
chnically reliable with a

strategy of screening
orrective treatment is

can be detected by .
n? . -

ath (3-5-years}.and

ygotes can be de-

ree questions-about
proportions of preg-

e (still birth- and" abortions -
competent practmoner

linicak and laboratory facilities are
ailable to undertake very widespread

nd techniques that: accuraiely detect position of
lacenta and identify twins are a standard part of amnio-
centesis.

(b) Fetoscope visual lnspectlon of fetus.

{c) The detection of substances released ln amnlotl ﬂuxd ;-;:.

are markers for the abnormahty

‘THERE are ‘@ number of genetic’ disedses | oF which i Rot ™

possible to provide treatment or detected in utero e.g. Sickle

+ - Cell-Anaemia,. Thalassaemia and cystic fibrosis. Though Cys- .

tic Fibrosis'can be detected at a very early stage of the dis-
ease, but it seems to make little dlfference to the prognosis of
affected individuals.

GENETIC screening programmes and approaches to the treat-
ment of genetic diseases are still limited in their applicability
and are often coupled with need for abortion, which is still nol
desirable @nd against moral principles of people. To bear ir
mind long-term effects of such programs on attitudes are stil
awaited.

.in.the enzyme.hex--........

stern Europe: It can. -

-homozygotes by.-'
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RECOMBINANT DNA TECHNOLOGY of the DNA rmolecule rather then at terminal nucleotides as
endonucleases. They always create double stranded breaks
DNA Structure depending on the particular base sequence which'is cleaved

and staggered ends are produced e.g. ECORI.

. DEOXYRIBONUCLEIC acid is the single most important mol-

Lo . - . L . —GAATTC—
- ecule in living cells and contains ail the information that speci- .
5 fies cellular properties. Watson - Crick model described DNA CTTAAG
N as a double helix from two polynucleotides having comple- Small = Blunt ends
mentary base sequences. “ —CCC:GGG—
BASE-composition is adenine, thymine,.auanine and cytosine —GGG:CCC—
and EACH restriction endonuclease is designated according to
[A+G]=[T+C] the organism from which it was derived. Each cleaved DNA
Purines = pyrimidines has staggered termini with complementary nucleotide se-

quences and referred to as 'sticky' since it will unite with
complementary sequences produced By the same enzyme in
the DNA of a suitable vector. The cohesive terrmini are held
together by hydrogen bonding but are then sealed and stabi-

jzed with a ligase.

THE two helical strands are present in DNA which are, coiled
about one another to form a double - stranded helix. The sugar
phosphate backbones follow a helical path-at the outer edge
of the molecule and the bases are in a helical array in the
central core. The bases of one strand-are hydrogen-bonded
0 ThoSe ©f the otfer strand to form the purine oy
base pair A-T and G.C.

Cleavage site

{ “THE helix has iwo external helical groex 5 3
] “{major groove) and a shallow narroy
% & - pair in DNA is peculiar i.e. base sgt G GATCC
o -are complementary i.e. one is A AGCTT -
22 ing in the direction. The geng ’
A =T, G = C Hydrogen bony G. AATTC
5 ONE of the main reasons, a TCGAC
} and phage DNA is that
term ‘recombinant’ DNAS G

T
pieces of DNA that a _CGAC

) mvolvmg DNA from t
DEOXYrrbonuclease
) nuclease are’used _
[Endonuclease aretf N -5 Elean

- nucleic acrd molec s
Exonuclease are the
" -"nucleotides from the {

POLYMORPHISMS ¢4
appearance of enzym
- .Sizes of DNA fragment:
cleases as Restriction
(RFLP) and are useful in 2

1. Mappfng the human

.-Prenatal, dragnosrs of n
T OFders’:

a. A polymorphnc srte is close
locus of the interest

-~ i b The phase of the locus and the R
= - through family studies

3. Identification of carriers -
4. Patemnity testing and populatron studres

: 'PRINCIPLES

NA duplex, capable
“rium_and confer re-"""""

aged in vitro into a-

Xtrachromosomal state,
HNA. They have a limited
and carry resistance to
ecombinant clones.

ector-in culture to produce
ant. DNA fragment:If the re-
rt.the ‘DNA: fragment .interféres:
e host cefl then it can be used

table genetic.

2
i3

"
&
(K%

5

f recomblnant DNA technology__ o
e structure/mapptng/functron eg globrn gene. S - '

2 Populatron genetics in relatron to drsease and popula—'
* tion structure - B

.._TConfroI of. genettc disease, prenataL dlagnosrs pre- cllm-____—jr._,
It has five steps.: * cal, carrier detectron -

{ The generation of DNA fragments 47 Dragnosrs and pathogenesrs of digéase:’
2. The mcorporatlon of these fragments rnto a surtable vec- . 5. Biosynthesis

LY

COE

- or. st Ll eglinsuling growth hormone, interferon Cn
3;_The mtroductfon of the vector rnto a hOSl organlsm . 6. Treatment of genetic disease, insertion of cloned normaf
4 Growing the host vector in Culfure medium and to pro- "~ gene =

duce clones and preparing’ multlple copies of DNA frag- 7. Agriculture
ments.

e.g. nitrogen fixation

OF CONSIDERABLE practical importance : in medical genet-
ics however has been the discovery of Restriction Fragment
Length Polymorphisms (RFLPs). The changes in base se-
quences mean that the fragments produced by a particular

5. The selection and harvesting” of clones containing the
relevant DNA fragment

CERTAIN enzymes in parftcuL' rerobes would cleave DNA
at sequence specific sites —¥ estriction;endonuclease as they
e restrict the growth of mfectln__g phage and act along the length

YUY
P
\.ép
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restriction enzyme will be of different lengths in different people

‘and these genotypic chaeljes can be recognised by the al--
tered mobility of restriction fragments on gel electrophoresis

and it has two points df importance 1. Genetic markers of use
in studying the genetic structure of population similar to the
way in which various blood groups and serum proteins-and 2.
in,genetic lineage studies. It can be used for prenatal diagno-
sis {using DNA from uncultured amniotic fluid celis) or the
detection oﬁ preclinical cases and female carriers of x-linked
recessive disorders.

RECOMBINANT DNA technology can be used in the synthe-
sis of biologically important molecules (A} & the replacement
of defective genes in individuals with inherited disorders as
gene therapy (B). The two approaches A & B can be used for
the treatment of disease as shown in the table below :

Disorders Probe Approach
Cystic fibrosis C-met C—ihtergenic
pd 3.11 RFL Psg
Diabetes - Insulin
Fragile X-mental Factor IX
retardation '
Growth hormone
~ deficiency
Haemophilia A
Haemophilia B
HbF persistence
Phenylketonuria

-Sickle.Cell.anae
Thalassernia
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RECOMBINANT DNA techniques are aclively being pursued

'in attempts to improve plant and animal stock. Here the trans-

fer of nitregen fixation to cash crops, especially cereals, could
have an enormous impact especially in the Third World.

PROBLEMS OF RECOMBINANT DNA TECHNOLOGY-

=NO ONE would argue that recombinant DNA technology has

a very great deal to offer to medicine, but its potentially seri-
ous bio-hazards of the technology cannot be ignored. The
isms which might contain genes for cancer susceptibility e.g.
or would remote their bacterial host immune to all known anti-
biotics. .

THERE have been two main approaches to limiting possible
hazards in DNA technology referred to as physical and bio-
logical containment. Thus from all points of view it may seem.
the hazards of genetic engineering have been perhaps over-
emphasised and the risksmore imagined than possible. Nev-
great care will continue to have to be exercised in

CONTD........

no other reason than to allay the fearsofthe——
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.. THERE are numer
transmittéd insimp

. that the affliction was he
rules of |ls transmission.

Y-
‘members of the family group
... never appeared among the offsprin
“normal. The physician who dréw up the peg
ol information willingly -supplied by the. ta
-.-explain-to them.why cataract appeared in only. so
~ of a'sibship and why, in some-srnall sibships, all the children
- were delective or all’
-‘enlightenmenit, he could further assure normat sibs of affected

““may be avoidéd and much worrying refiéved
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GENETIC COUNSELLING & MODE OF IN—
~ HERITANCE

)
THE recogriition of simple dominant or recessive inheritance
of a given trait permits statements of practical value about the
genotype of individuals. Persons affected with unfavourable

~ traits and their close relatives, rightly wish to know whether

their future children are likely to have the same traits.

GENETIC counseling makes use of a wide range of information
on human inheritance. In the present chapter, counselling
problems connected with simple single factor inheritance will
be stressed, because only this type of inheritance has been

" covered in the preceding parts of this book. It may. appes

premature to discuss problems of genetic
more facls have been presented; yet even.a
discussion, it seems worthwhile to she!
human genetics can be applled t
and of society. "

DOMINANT TRAITS

THE answer to questions 4B
families with affected in
simple when the trait is
affected individuals, a
will not transmit the trd
to later generations. Afk
allele to one-half of t
possibility that none

of cataract is shown!
of the eye. is preser
trom childhoot on. B
bu} even after the o
individuals with spec
The trait is clearly dom
medical genglicist, the

THE apparent rrreg

normal. Having supplied this

persons that they did not Hieéd to ‘worry abeut transmitting
cataractio their children. This example:show: hat, much.harm .

human genetics become wrdely available to the public.

RECESSIVE TRAITS

ALTHOUGH the genotypes of individuals ¢an be given with
certainty if simple dominant inheritance of a rare condition is
involved, some genotypes of rare recessive conditions are
less easy to define. An affected person, of course, is dd, but
nonaff ec'\ed relatives are either DD or Dd. If they are
phenotypically normal sibs of a sdd individual, and if their
parents were normal, their genotypes could be either DD or
Dd, since both parents must Have Bgen heterozygous The
two genotypes, DD and Dd; occur in-a ratio of 1 : 2, which

e . -
e -

it Constitants in® "

makes-the probability. that.a..normal. sib -does not have the
recessive allele 1/3, and that he is a carrier 2/3.

THESE two probability fractions may seem to contradict the
expectation that Dd x Dd marriages will yield 1/4 DD and 1/2
Dd children; but they do not. The probabilities 1/4 and 1/2
express the frequency with which any child from two
heterozygous parents may be expected to be DD or Dd,
considering also that he may be dd. The fractions 1/3 and 2/3,
on the other hand, are derived from the number of individuals
henotyplcally example: If two normal parents who
ChlId want to know-the probability that their
will be.homozygous normal, the answer
could be dd, Dd, or DD. If, however,
; the answer to the same question
use his phenotype shows. with

that an affected individuat
of such an individual will
ve offspring has to take
ages possible, and also
population at large.
ffected will, of course,
“prospeclive parent is

e probablhty that a

ate erI be denved.
e stressed that even

ict the chance of affected

For example it has been

pSoNs: is a carrler Of recess
bability -that:an: albino_ Wi

s 1/70. If enough children some
0 make it re reasonably certain that-
d"and dd, will actually occur, the probability
ith- a normally plgmented spouse. will .have :
cted oftspring is 1/70. Expressed in a different way: if
prospectlve parents, one of whom is an albino, ask, “If our
family is large, what chance is there of having albino chil-
dren?” the answer is 1/70. Should, however, the couple ask,

- "What chance is there that our first child, or any specific child, .-
.L;W|II be’ an albino?” .then the answer .is- 1/2:x 1/70 = .1/140 e
since the probability of dd offspnng from dd xDd parenls e

1/2.

PROBABILITY OF AFFECTED OFFSPRING IF
ONE PARENT IS THE: NORMAL SIB OF AN
AFFECTED PERSON

IN marriages between normal sibs of affected persons anc
normal individuals who are not related to them, the probabilit
that the sib is a carrier (which is 2/3) by the probability that the
spouse is a carrier (which is 1/70 in albinism) and by the
probability that the child will obtain d from each heterozygout
parent {which is 1/4). Thus, 2/3x 1/70x1/4 = 1/420. This is ¢

wn from the-general 7.~

related person who is heterozy:
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rather small chance; yet it is much higher than that in a marriage - -

“of two normal individuals who have no reascn to suspect the
presence of the d gene in their genotypes. In the latter

. marriage, the chance that any spécific child will be an albino

is 1/70 x1/70 x1/4 = 1/19,600 ; the probability if one parent is
a sib of an:albino is almost fifty times as great.

ANY statement about the probability that an affected child will
he born to ynormat persons is subject to change when new
chrmansn grees mons specilic knowledge ol the genotypes
. mvolved It a normal sib of albinos and his normal finance
should ask how probable it is that their first future child will
albino, the best estimate possible it is that their first future
child will albino; the best estimate possible is 1 in 420. Should
the same couple them, the answer would be 1 in 4, since it
would now pe cerlain that both parents are heteroxygotes.

FURTHER PROBABILITIES OF BEING A
CARRIER

IT is possuble not only to determine the probab i
individuals who are sibs of an affect
_heterozygotes, but also to calculatégfie

heterozygosny among individuals wh ¥
persons in the ways. These prob,
of the mechanism of genetic tra
found by applying the theore
more events occurring togetl
probabilities. Let us give feyy
the normal child of an affge

person is a carrier is 1£
aunts is usually 1/
heterozygous parent;
.-.marriagé. of a norm
the chance that any

aunts and uncles wil
42 of 1/2 ie., 1/4.
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members marry close relatives.
[

THE INDEPENDENCE 'OF PROBABILITIES
FROM PRECEDING EVENTS -

IT is important to stress thét, if the genotypes of the parerits
are known, the probability prediction for any one child is not
influenced by the type of offspring already born.

"Chance has no memory!" The truth of Le Chatelier's remark
is obvious to the geneticist, who knows that the formation of
any one combination of genes at the conception of a child
depends solely on-the union of gametes. Thus, two parents
heterozygous for a recessive allele that causes an abnormality
have one chance in four that their first child will be affected. If
the first child is affected, then the chance that the second
child will also be affected is likewise one in four. However, the -
chance that two children will be affected is the product of the
independent chances, or one in sixteen.

levant case reported by Mohr, a couple had a child
Veleped a paralysis causing death before it was a

rents were marked as heterozygiotes.
lhe risk was one in four that any other

t too developed the deadly
nceived, the dice of destiny

ite genetic interpretation
lling cannot be based
L data that have been
w how often children
are similarly affected.
order to predict the

than the statement --

m to have children
gth for their personal.

nay have to decide 7



THERE is nc doubt about the fact of human variability. The
usual division of our species into races, however, often de-
pends on a faully perception of human differences. We rely
on a simple visual appraisal to determine the distinctions be-
tween various groups. But even this simple appraisal sug-
gests lhat Homo sapiens consists of a large number of di-
verse populations whose range of variability is enormous. Such
variety causes one to ponder the composition of our species
and its origin and casts doubt on any scheme which attempts
to divide humanity inlo a few definite races or ethnic groups.

ONE of the biggest differences exists in the cclor of the skin,
becuase people range in pigmentation from a ver
- for e‘<ample northern Europeans - to an extr

that attracts a great deal of g
long to short and spiral shag

OTHER ditferences are
some care, can be mea
of the human face diftél
and the propotions of
a broad range. Many
populations, such as
blood groups, and
~---mined-only-with-th
.. -exist nonetheless. -
© JUST why is Homo
polytypic specias?.
‘Vatiability within a po
between ythe human
" typic)? Why are thes&
" bleod, and body size di

the way they are?

HUMAN variability appe:

forces that have been at W

. The influences that formed

somplex: of factors. that " gav

group reflects a number of ‘elem:

have been shaping the populatior

- {ehange in genetic composition -over ik

and may give risé to future populations

. today. The' composition of racial groups; as
-AIOW, wilt undoubledly change conS|derably

" HOW have’ we become conscnous of the’ dlstlncl vane les of

and animals unknown in Europe, and these, together with the
.. . stories of strange peoples, demonstrated the diversity in the
*-~living world - and challenged many of the -Europeans’ long-
established beliefs. The idea that humans descended from an
original pair was especially hard to accept:after the discovery

of such different kinds of people as the Hottentots, pygimes,

and Melanesians. Aristotle’s world view of idealized living form
scaled to fit within eleven grades of develc')pmenl became
most useful. With the arrangement of:li mg ¢reatures into a

~ scale from lower to higher categories,” inanimate to ani-
mate, natural. scientists were able ompromlse the new
discoveries with current religious dogma: The strange peoples
were placed in subhuman catego ‘es and deplcted as only

L

L o Homo sapiens and their’ place among living organisms in the
e world Th_ls awareness, developed gradually as-a result Jof, .

--and happy finds;

SUBJECTIVITY of thls klnd has plagued the study-of human

ceiiticenturles: Exj lorers brought-back specimens of- Iants._.«'- -
© P 9 P B i dlvensty sincé the earliest Times ‘and “stili’ persnsts.
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* | "HUMAN RACES
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partially formed Homo sapiens. This revival of Greek natural
science applied the concept of life as a web or chain with
many links to the discoveries of human variability. This "great
chain of being" arrangement greatly simplified the study of
human variability for the eighteenth century scientist.

THE "chain” concept fostered the belief that no two varieties of
humans could occupy the same developmental level. So when
the Hottentots and Bushmen were discovered, their appear-
ance and language, which the-European explorers consid-
ered to be like the chattey of monkeys - caused them to be
placed in a lower category, nearly subhuman. Later, in the
s of the nineteenth century, when Darwin's evolution-
gaining acceptance, the varieties of people

ere was a firmly held belief that many

...... created, each differing externally
ich suited them. for a particular --

ents of our species into variet-
by the scientists' personal
roups had been retarded
by environmental condi-

idered to be thousnads
far superior. Later, as
nineteenth century,

or example, statisti-

tmal, or natural world

ideal type of individual,

n we search for folms thal' match

mind an image of what the type specimen

system was_based on lhe most beaullful spec;men the rare

6 ehSuU-
ing confusion of the multitude of typologlcal systems has made

the naturat-world.

OFTEN physical traits are confused with “eultural hablts of
dressor language, and, though they may be useful devices for
identifying human populations, they should never be applied
as if they had biological meaning. A classic example was the
term Aryan, which originally was applied to a group of lan-
guages (Indo-European) related to Sanskrit, the langauge of
ancient populations of northern India. Many writers have per-
sisted in using this term as if it described a biological unit,
even though Aryan, the linguistic term, as used by ‘Mueller,

epresent past stages of development. But .

es were proposed by

d into ethnic groups .
c, Alplne and Medi-

ltempts were made'
dy of human diver-

f. human variation in
introduced. But the

vated us to seek pat- .
ese categories were-or--

sorting out widely differing. -
es of fishy lhough deahng wnh-.

like ‘and then searched until.it:Wwas found. -
“Kre! schmer who: studied: human "body- form (constitutional -
. types), for example, emphasized in 1930 that thls typological

imen, a factor which has caused - [
ies..of human. evolution. Often the in-- '}

(it especially difficult to study our speCIes and our posmon ln_

¥
n
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THE probles is not whether humans

....established by-the S

-+ sified approximately
"categories in ascen

. .system underwent X
-and provides the-ba

»”. mates with seyerat othe

-tion, current for his day,

-..wae 1o collect samples of the life 6
- plify the process. But, as it turned out,

" with_each new edition his categories had to be

- and modified. This was especially true when modern human

- populations were discovered by European explorers. The dis-
.. - covery-of-monkeys and apes also presented challenges; |
‘- where should they be pldced? In thelater editions Linneaus
5. stand on the fixity of species and allowed that
ceftaii: varieties ‘Were “unstable; -a ‘stand : which suggested *

~American, Ethiopian and Ma}‘ayan

_included groups as diverse as the western Asians, Europe-

ans, and Singhalese of Ceylon (Sri Lanka). Terms like Celtic,
Teutonic, or Slavic are frequently applied to describe a bio-
logical unit though-they more accurately distinguish between

~language groupings.

GROUPINGS of human populations or races are often so-
cially or culturally determined. Even though these groupings
are just as real to the observer as any biological fact, expla-
nations ol biplogical variability should nct be cifered on this

basis. Regardless, racial divisions. are often described by .

such popularized terms as Europeans, Negro, or Jewish;
each includes many populations of numerous diverse char-
acteristics. This mixing of units - the confusion between bio-
logical and social traits - poses one of the biggest problems
for the anthropologists today. it is partially founded in the
assumption that certain basic units of humanity are of great
antiquity. The result is the many schemes that have been
offered for sorting our species into groups.

HUMAN VARIAHON-AND T
CLASSIFICATION

fact, our species is very polymer
have been advanced against
not always in the ways that
impressionistic means by
man differences. The prok
ences that exist and ho
variation seems almos
there are limits, often
are these boundarie
past and to human sy

THE modermn system
the classificalion of

i

abbreviated examp!
which it places Hoi

LINNEAUS based his cis

number snnce creatlon Sy

This sharp distinctioms between species

fronted with an ever-increasing. .variety of -

evolutionary change. Today, of course, biologists no longer

_consider the fixity of species but 100k to the fossil record and -,
to the natuiral diversity as evidence of change or of Drawinian’="

evclution caused by a number of factors.

FOLLOWING Linneaus, other natural. scientists turned thelr
attention to human classifications. A German physician, Johann
Friedrick Blumenbach the reputed 'Father of Physical Anthro-
pology,” gave us several of the ra ial'terms in wide use tode‘y
He classified humanity into five raggs: Caucasaid, Mongoloid,
@.the ‘usual criterion of
skin color, Blumenbach addéd hair.form and facial character-
istics with special attention t 'the shape of the skull. The shape
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of the skull was supposed to be a significant racial trait and
was regarded as highly resistant to environmental influences.
Blumenback amassed a large number of human skulls from
all over the world for study and, in keeping with the eighteenth
century belief in ideal types, he searched to find the most
perfect specimens. The skull that came closest to fitting- this
image of perfection was one that had been recovered from
the Caucasus Mountains, in an area near Mt. Araral. The
Caucasoid eventually became a term applied to a major cat-
egory which encompassed the Eurcpean, north African, and

~Middle Eastern populations.

DURING this period of studies of human variety, our affinity
to the lower primates did not go-unnoticed. Peter Simon Pallas
(1714-1811), a German naturalist and student of Linneaus,
provided the first family tree diagramme used in biology. In a
communication to Blumenbach, Pallas described-a
diagramme depicting degrees of morphological affinity be-
tween several animal groups. Recently, it has been suggested
his blological tree depicted what may have been Pallas’
Eganic ‘evolution. 1t definitely showed close affinity
25, p/ens and the lower primates, a relation-
ed as a possibility by other naturalists;
list (1707-1788), noted a greater re-
ans and orangs than between hu-
bhservatism, however, prevented
pd primate affinities. Despite
) our species and other pri-
by Buffon on the grounds

others in the eighteenth
fnpts to work out a clas-
ature of human vari-
ised by later genera-
dence and a clearer
lumenbach and his

ey believed :species-..
dary:betwéen-each
al diversity that was
ed to:be.a variation .

differed from the ideat

the result of climate,
‘pts and beliefs in racial ~
tudies of the human race

lackened by the sun, was the
), but this oversimplification ignored
dlty As a critic of the environmental- -
heory, Leonardo da Vinci observed that the
ices of Ethiopia were not the product of the sun's. -
effects, because black parents produce offspring who are -
black. "Domestication of mankind,” a process-that.suppos-
edly accompained the development of civilization, was pre- .

‘sumed to be another major- influence -on: race: formation..« -

and was described by James Cowles, Prichard (1786-1848}

in Researches:into the Rhysical Hlstory of Man. However, . ;-

in the second edition, published in 1826, Prichard rejected

this: domestication theory and described the environmen- . - -
ial influencés and t_he tlose ‘correlations- between climate -

and physical type.

IN ADDITION to the guestion of onglns or causes of racnal
variation, the classification of races itself was called into ques-
tion. Prichard recognized early the problems imposed by di-
viding humanity into only a few fixed species, and he rejected
attempts to divide the human species into "principal families,’
which was a common practice followed when divisions were
made on the basis of skull shape. "It is by no means eviden
that all those nations who resemble each other in shape o

omic- groups- of -hu- ...

'é sugnlficant=‘f: G
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. their skulls, or in any other peculiarity are of one race, or more
= nearly allied by kindred io each other than to tribes who differ
from them in the same particulars”. Though he did reject such
divisions, Prichard described major types of Homo sapiens
-based on head form and coloration. He argued that this was
done only to facilitate comparisons independently of any de-
sign to ascribe common origins. He suggested that there was
no such thing as a Negro race in the customary sense: *Among
those swarthy nations of Africa which we ideally represent
--under.the term.negro, there was perhaps not one single na-
tion in which all the characters ascribed to the negro are
found in the highest degree®. This insight, though strikingly
modern, is seldom recalled today.

THE lack of correlation, when more than a single trait is used
as -a criterion, has been recognized again and again and
renders any search for racial purity a futile and, often, silly
excercise. Nevertheless, the attempt has been made repeal-
edly to work with idealized forms when a classification of our
___species is attempted. The notion of ideal type has persns
into modern times as illustrated by the fact that
(1842-1911), a German anthro-pologist wh

=
=

& thousands of human heads and had freqf 2
dic and Alpine types of Europeans, ggf
=Y fecl" specimen of either type. He.
e able lo find a specimen perfect iz
. &
10 @ - WHA]
B ) HUMAN history records

from all areas of the
breeding of these popyd
pean, African with Am

- - Nese,.lo mention a §
@ " such evidence has
= two centuries and h
&g same. species. This
. . of thousands .of yea
@ . ity -overcame geogr;

~confusion’ still occ
"~boundaries'and ho

THE,term race was
the middle of the eighl
naturalist mentioned
term used to .describey
then the term has been
logical contexts and hass
dictory and.imprecise meg
. i_granted that lhey know w

know what concept it represents. Thé
able conlusion over the number of divisio
few as three and-as many as thirty-séven rac
déscribed. Two carefully written studies pubhshe
listed six and thirty races respectlvely

pose of classification; and various approaches to taxonomy

- . or collection of organisms in the natural world - awamng clas-

of the confusion surrounding the . race concept in blology
as well as anthropoiogy. ‘

DEFINITIONS OF RACE

DOBZHANSKY : Races are defiqed'—'a_s populations differing
in the incidence of certain gépes, but actually exchang-
ing or potentially able to.ex ige genes across what-
ever boundaries \usuany geographnc) separate “them,
(1944: 252). :

PR
$

o
!

- JUST what constitutes a race is a hard question to answer, ‘
because.one's classification usually depends-on:the:pur

"'often have a built-in"bias, especially-when applisd to-hu= =
mans. It is usually assurried that there is an actual structure .

‘sification. The sample definitions that follow give some-idea ":
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RACE differences are objectively ascertainable facts, the

number of races we chose to recognize is a matter of
convenience (1962: 266).

_HULSE : .... races are populations which can be readily dig-
tlngwshed from one another on genetic grounds alone.
(1963: 207).

BOYD : We may.define a human race as a population which
differs significantly from other human populations in re-
gard to the frequency of one or more of the genes it
possesses. It is an arbitrary matter which, and how many,
gene loci we choose to consider as a significant "con-
stellation".... (1950: 207).

GARN : At the present time there is general agreement that a
race is a breeding population, largely if not entirely iso-
lated repro-ductively from other breeding populations.
The measure of race is thus reproductive isolation, aris-

ing commonly but not exclusively from geographical iso-
lation (1960: 7).

A subspecies is an aggregate of local populations of
inhabiting geographic subdivision of the range
beies and differing taxo-nomically from other
he species (1963: 348).

hat race may be defined operation-
yre of genetic distance in human
may function as an informa-
i-disciplinary area or research

a species which differs
quency with which cer-
among its members.
s of external appear-
ognize members of
pection with greater

another.to a greater
dividuals. of :other
sociated with par-

e‘concebt of_ h_umah .
Stitutes ethnic groups

Yesents one of a num-
g the single species
dally maintain their dif-
I, by means of isolating.
aphic and social barriers.
y as the power of the geo-

R they appear qunte dlverse have
rs that they emphasize. The firstis
gtt the role of geographic distribution in -
Primarily, the dividions are. based on the
a_ common-territory or point'in-space. The sec-

- populations in forming a. collection- of .traits which sets. the

* - group apait. B_ey_ond this there-seems to be little agree- B
- ment in-lerms -or:.boundaries- of “humar racial. divisions. .- - .

_There are some, opinjons that d|v1d|ng humanlty into racial

-erroneous channels of thinking. The purpose for the clas-
sifications of human populations has continually plagued .
anlhropologxsls for generations. But, regardless of the nu-
merous. ways of looking at human diversity or the evalua-
tion of the utility of race groupings, the fact remains that
many biological differences are real and cannot be de-
scribed or explained away by simple statements. The con-
cept of race is not merely a taxonomic problem of whict
group of p pulations fits together within a certain classifi
cation. Itis a problem of the way in which one views Hom
sapiens in an evolutionary perspective.

uch a division of a -~

ond factor is that all agree on the importance of breeding- - -

‘groups’ “distorts ‘tHe " facts ‘and-forces the mvestigator ‘into-
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_tion. Some warkers

stons, nfag :
"'-complexny of bur very polytyplc §

" biological systems. |
- HUMAN variability, as it is distnbuted throug

DISTRIBUITON OF RACIAL TRAITS AND
- RACE FORMATION

L )
. _THE term race has been applied to units as small as local

breeding populations {demes) or to large groups of popula-
tions occupying entire continents. Further confusion is added
by the use of a variety of characteristics as sorting iteria;
blood types, are distributed differently throughout pur species
than, for example, skin color and body form. Race has also
been used quite frequently to describe a cultural or political
group (the Jewish, Aryan, English and so on). Another casual
use of the term is shown by the phrase the human race, which
has nothing to do with biological classification. The results of
such varied and inappropriate usage have misled the reader
and have obscured meaningful application. Further, the var-
ied criteria used to delineate racial boundaries have added
materially to the confusion over the need for race classifica-
tion in studies of human biology. -

IHE question of how the human species should be divided.fors
description and study is a difficult one, paruc |
the majority of human alleles are shared by
These:factors, together with the reality,g
ity, have caused several blologlsts
race concept as-a viablé biologig
man diversity. Hiernaux, for &
ion, to dismember mankind in
mation requires such a disiél
ness disappears.” The fa
many sources of eviden
the several traits descrik
is broader than gene
cut across population

THERE is general agt
of human variation i

of. studyung adaptatr
race:as but an artif
that traits should be
or cluster. unless {
character, reflects t

REGARDLESS of on
cept,-we- should remet,
no reason to“assume the
number of races. If we keer
rap thalt so many nineteén
races change, how do-ra
passe-retarded the Iudy of ]

a result of a series of mteracuon

depends upon a multitude of factors. Several
factors that operate on-any biotogical population; as descn bed
in.. microevolution. But humans. are mobile and . are able to
manipulate the environment, and these abilities affect the elabo-

-+ ration.-af: complex. social:- systems which. regulate.. behavuor
particutarly breedlng behavior. The estabhshment of abstract -

“““houndaries or mating circles within“populations ‘and: the: cus- L:,;i'f"-_..'rHE study of human dwerstty especually the a_ttempts 1o sort

tom of excluding outsiders are strong factors in directing gene

~flow and deiermine the shape of the new generation in- an
mcreastngly non-random way. :

THE history of a population - how Iong it has llved in a given
area, what selective forces have been acting on-it, and what
contacts it has had with other populations - helps determine
the distribution of human variability - The effects of the Euro-
pean colonization dramatize the sigrifficance of mass move-
ments of people. Smaller-scale; ofe gradual changes can
alsc occur through vnlerpopul_ i contact and through the
establishment of sedentary popuil % both of which occur
as consequences of new té chnology or-subsistence patterns

LA,
o e
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such as agricultural activities.
IF WE take into account these factors that influence the distri-

. bution of our species, then any grouping of human variability

into units, populations, races, or subspecies becomes a much
more viable means of studying human diversity. The way iq
which we choose to group human populations depends, of
course, on our purpose. We must keep this purpose in mind
when working with these groups. For example, one should not
establish races or ethnic units on the bases of sociopolitical

on the basus of geographical boundaries. The so-called natu-
ral boundaries do not prevent interpopulation contact, though
distance does, of course, reduce gene flow.

HUMAN differences are distributed in some rather interesting
patterns around the world. If we take a single trait or several
Iraits together, we see that many population groups vary widely.

The woridwide distribution of traits such as the ABO blood

Rh bIooq groups, abnormal hemoglobins, or the gene

arieties of organisms
problem today as it
niques of taxonomy
igators can process:
more than could the
But, rather than es-

w guestions and of-
der, accepted taxo-

classifications were a
The former methods
biological diversity, es-
at were measured and -
nce the development of
of DNA, life's diveristy is
aups of organisms appear
charactenstlcs change from

As to describe groups of individu-
>ding .population. it is this dynamic

extremely difficult to-establish any all-
¥Aic unit. The older definitions of species as
Ztinits “which- are determined when collections of .
als. are sorted.into. .groups .are sufficient only as a first
step. Even the description of a species as-a reproductive unit,
genetically isolated, has many exceptions when animals are
studied under new cond'llons BroughT about by a change m

’ ‘habltats

people into subspecies or races, is hampered by the disagree-
ment over several aspects of this diveristy: its. origin, its rela- .
tion to-the environment, and whether or-not basic racial stocks. -
are "real’ and of great antiquity. Species are natural biological
units held together by gene flow, whereas subspecies are
divisions made on an arbitrary basis, and such vague criteria
as "the 75 percent rule” are employed - a "good” subspecies is
one in which 75 percent of the individuals examined can be
recognized as belonging to th@t group. However, the numbet
of individuals of a subspecies-that we cannot classify ofter

" exceeds those that we can.

A SUBSPECIES is considered as a grouping of individuals o

“between’ poputa-




““nientlabel applie

“and precise groupi

- ror any:such: Iabel used o
- research tool- tor mvesllgale biolG

. idéentify objecls we encounter in our el

_ popuiations who share a number of characteristics in com-

mon - no single one being sufficient to differentiate who share
a close common ancestry and who have been subjected to
similar selective forces. The existence of such conditions

_would result in a high degree of similarity between the genetic

systems of these population groups.. According to many hu-
man biologists. the conept of race becomes much more use-
Il il s considered merely as a grouping of populations.
Various defiitions lor race were listed in the beginning. These

definitions took into account the many racial differences which

appear to relate to the geographical histories of each group.
Dobzhansky stated: "it is recognized that most living species
are more or less clearly differentiated into geographic races,
each race occupying a portion of the species distrbution area’.

THE importance of geogrphy has often recognized in the defi-
nition of races. Garn used spatial distribution of human variet-
ies as a means of establishing. rac;alg roups. He provided us
with geographlcal local, and micro races. Mlcrogeographlcal
races and local races are smaller, less inclusive groups com-
parable to the breeding populations used by
who study human variation. These basic ur

localized natural selection, and populatighis
tive in causing differentiation betweg
most inclusive greup - the geograph
diverse local groups. In a wal
because often, members of g
few physical attributes. The §
closely to_the older descrig
races (usually the three-

EXCEPT for a superfic
inhabitants of a conting
tells us little about i
ships between breedii

ronment. which are the
that act on the .popul
. .gene combinations.§

and study human vg

ences will be'obscu

MANY characteristics:
honored boundaries. T
ago; Hooton, for exam
physical criterion for dis
by the association in hury
‘bodily form and structure”. %4

have no more reality than-any..of ¥

EACH. geographical Homo sapiens contait
populations ‘whose characteristics make it dif
What ¢auses this diversity .of our species? Several sou

have been described. First, independent or special creation .

‘has-been widely advanced as an explanation. Though once

- -popular; this-belief that faces were of great.antiquity lacks any
. -Supparting archeologlcal evidence. Also; the diverse’ popula— N
““tions of our-specigs have -beén-linked together -by-gens flow: : -

and have maintained species continuity. This makes it difficult

lo support arguments for mdependent racial origins.

ANOTHER explanatlon of human dlversny is that differing forces

of natural selection caused the formation of relatively distinct
groups. Before Darwin's theory of natural selection was pub-
lished, a number of authors described the effects of climate
and food on humans and suggested that these factors may
have contributed to human vanatlon _Buffon, for example, ob-
served m 1791: Three causes ... st be admitted, as con-

remarked among the differen
influence of climate; (2) food ’

e,
o

> lation; of: rathé
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on climate; and, (3) manners, on which climate has, perhaps,
a still greater influence.

WE MUST consider yet a third factor : Human differences -
especially those often used to establish racial groups - are
not as extreme or as great as generally supposed. In fact, for
a few characteristics, differences between male and female
are sometimes greater than differences between races. Often
the tendency is 10 exaggerate human variation, or in certain
cases to be misled by similarities of a few characteristics. For
example, Canary. Islanders were thought to have a major Ne-
gro component in their make-up - an assumption based on
morphological studies. More recent studies of haptoglobins

" and dermatoglyphics (dermal ridges or fingerprints) show little

indication of such affinity, raising doubts about there being
major Negroid elements in the populations.

INTRARACIAL variation is extensive in the major geographi-
cally determined races and is often overlooked. An example

is the diversity found among the American Indians. Rather

hing their stereotype, they vary greatly in size and
) Very short. Some populations are composed
build who are prcne to obesity, like the
‘zona In contrast are the short, slender
the tropical rainforests of central
g also covers a wide range from
gracile faces with long narrow
yover the range of cephalic
Similar diversity is seen in
od and taste sensitivity.
sSe common ancestry as
grated over the Bering
s ago, their variability
lassification. -

nto a_Negroid- race
es being treated in--
s geographic race.

broad, heavy
noses, and head

opulations is neces-
h African peoples,
ignificant differences

over the past sixty
diversity among Afri-
is'overlooked too often

are usually considered to

lsolatlon ofa breedlng popu-
7of-gene flow; few.new:genetic
d the local selective forces have
aximum selection. Certain gene com-
cumulate. However, some biologists con-
ance of gene flow has been exaggerated.

materigl

vided into one'group with O percent and one ‘group with 100-
percent frequency of any characteristic (except for a very few
monogenic fraits), which makes it difficult to establish taxo-

= * nmomic-units. Mayr described race as an artifact of evolution, ..~

not the unit that evolution act on. Other biologists have. noted -

- that classification of spécies variability does not prodiice New. . '

knowledge but is simply a means of organizing the existing

. information. If these statements are indeed correct, then what . .
is the unit that-evolution acts 6n and-what i the-most func-. =~ .

tional unit to investigate when studying hurnan diversity?

THOUGH pure races do. not exist tod‘éy. racial classification
of various human populations has been retained as a tool by

- physical anthropology. The concept is relevant-and helpful in

the study of various population differences as also the action
and role of various micro-evolutionary proé@sses in makmg of
such populations or population groups.

BASES OF RACIAL CLASSIFICATION
ndadhaliddddiniiesiitaiiid

of the tribal group-~

nong several popula- s

tural selection in the local

human polymorphisrmn, humanity ‘cannot.be sub-+- -~
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RACIAL cladsilication has ‘been a favourile subject of physi-
" cal anthropologists since the beginning of present century.
The criteria used for racial classification, as per our syllabus

. are rﬂggg_h‘giggi;al. serological and genetic. Serological crite-

b tia are however, themselves genetic In nature.

e THUS, in reality there are only two major types of criteria used

B for racial classification, and these are genetic and morpho-
logical. \

Morphologica| Criteria

HEREDITARY mechanism ol morphological characteristics of
man is quite complex. Such criteria are adaptive in nature,

Bases of Racial Classification

Morphologfoal Genetic

Sérological' Non-serolag

?

5

measured). Eye shape. nos
ample of the former whilés
Some of the commonl
classification are:

2

" Céphalic Inf

(C. l) is the earhe
classificatin. The *¢
. Dolichocephal (C.1.

ap'ycephal 800
goloid groups of race
. * phological criteria. . !

the narrow face with 'narrow head

%22 sess shorter and broader face. Thre
are. Europrosopic (<84.0), Mesoprasopi
8 | toprosopnc (°88.0)

o A(,IAL .md dlvwl.lr pmunalhlsm ‘have’ also found place
phological criteria. Abveolar pmﬂn'uhlsm is quue commonly found in
Negrond populauons

Nasal Breadth
Nasalr Length

%100, .-

SUBJECI‘ S with broad and short nose (Afncan populauons or Ne—

leptorrhine: Nasal Index is an indicator of:adaptive mechanism of vari-
ous populations during the course of their-evolution. Root of the nose
(broad or narrow), bridge of the nose (pointed or blunt) and nasal

for the purpose of racial classification.

es : A MONGOLOID- eye cair be i}tinguished from a non-mon-
goloid one 51mply by the gresenc -of ceg_(ra} -medial or lateral epi-

canthic fold. A typical non- mofi aloid € lt M@_&gneml]y
ez straight. )
—

5r01ds Neamo of South India, Australian aborigines ‘etc.) are known'
as platyrrhine, Mongoloids are mesorrhing while Caucasoid rank as

septum (disected downwards or upwards) dre also sometimes utilized ~
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Skin : SKIN coiour is easily influenced by the environment. it,
however, has some importance in classification of popula-
tions. In Leucoderms (white_skinned people), the skin colour
varies from pinkishewhite to fight broyn. Etropeans, many west-
ern Asiatics, North Africans and Polynesians fall under this
category. Yellow-skinned populations (Mongolonds) aretermed .
as Xanthoderms while black skinned Negroids, Papuans, Pre-
Dravidians etc. may well be calléd Melanoderms.

Hair : IN FORM, hair may be smooth (Leiotrichous, e.g. Mon- -
goloids), wavy or curly (Cymotrichous e.g. Caucasoids) and
wooly or kinky (Ulotrichous_e.g. Negroids); colour of hair may
vary from blonde (Europeans) to dark brown or black; texture
may be fine (-56.9 m), medium (57-84.9 m Europeans) or
coarse (°85 m, Chinese, Japanese).

Stature : STATURE is the most varied and yet commonly used
criterion for the classification of primary races. Stature is influ-
enced not only by environment but also by nutrition and a
host of other factors. In high altitude areas stature tends to be

hort.as a mechanism of adaptation. The most common
" »aeJoLsLamLe__QLassnflcanon is; Pigmy (-148.0
@.—15800ms M 158.0 - 168.0 cms).
and Ve Tall (172 0 -cms).

C.CRITERIA.

xst blood groups were discov-
I}, In the third decade that the

rences with respect to such
Bérphological criteria, sero-

ave many advantages,

ollows :
of inheritance.

environment, and

evolution...

Sbeans (represented by
iatic, Amerinds, and. ..

3_<>_‘3TLS.HG-S
ABO blood groups for ra-
disposal several others in-
P Duffy, Celano efc. Unfor-

s notwide: clear From e work:
d over, some broad con-

" in Asia (or specifically Thdiay, The higher fre-
Cy. of these groups in, their _respective environmenis can .

“well be understood provided we do not forget about e ad-
'vantage provided by these groups in: specmc env:ronments. :

. DISTRIBUTION- OF BLOOD GROUPS -

¢ - BURbest- information about.the distribution-of genes.is.for the;.; L

ABO blood groups. The over-all world frequencies of these

.genes are estimated to be : G° 62.3 percent, G? 21.5 percent

and-GB 6.2 percent but frequencies’in different parts of the
world are very unequal, The simplest condition is that of the

"‘American Indians, who in some areas have almost wholly G°

with little or no GA or GB. G° is very common throughout the
indigenous *Amerindians’, including the Eskimos (but the tat-
ter contain more A and B. G° is common in western Europe
but falls to its lowest, around 40-50 percent; in CentraliAsia.
Yet, Asialics, with Amerindians, are grouped in more claestcal
terms as 'Mongoloid'. This shows the sort of problem that we
encounnter if we try to make clear-cut divisions of people intc

classified humamty.f

lutation for Blocd group™ A occured in evrope =
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- The latter

- .excelin®,7,5; -

" -(e.g: Secretor status, Tasting ability -etc.)-are
-used for racial classification 'of various human popu atio

" SO THEN: which is-the best criterion for racial classification? .
_ At a fnrst glance it would seem that morphologlcal cnterla are—

_.._measure besndes there are a number of morphologlcal char- y
- acters which canbeé used for classification; and 'so a compre=-

_‘races’. This example is not howevgr, typical. There is in gen-

eral some correlation between the®distribution of blood group
alleles-and the major racial grqupings.

" THE dnstnbutlon of the GB gene is the rnverse of G° being
- relatively common in Central Asia, but rare in indigenous popu-

lations of America. This gene shows a steadily decreasing

ABO (including A and A,)
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frequency {cline) passing from Central Asia o western Eu-
rope and falling to its lowest value in the Basque population,
where the frequency of O is very high and there is also {inci-
dentally?) a highly distinctive language, not of the Indo-Euro-
pean type. Other populations with low G° and high O are found
around western Europe (e.g. in Ireland). There are also high
frequeacies of Rh negative genes among the Basques.

Type O most common, more than 50% of most individuals in a population. Type

B nearly absent in American Indians and Australian aborigines. Type B present
in up to 15% of Europe and 40% of Africa, ASla and India. A, limited primarily to

Europe.
MNS-U

American Indians almost exclusively M; N most common in Australia and the

Pacific. MS and NS absent in Au$tralia. U-negative appears limited to Africa,

Rh (R, R, A, 1, and others)

Duffy (Fy> A Fy)

Diego (DF DP)

Kidd (Jk* JK?)

SCIENTIFIC studies
turn of last century ari
tant 3et of criteria fo
ball patterns, toes, pa
various populations w

STUDIES reveal that of
and whorls) Caucasoids e
while whorls are more pre

OF THE nalmar mam line formuiag
Caucasoids while 7, 5 5, - repre

BESIDES the above.mentioned genetic crite

hensive racial classification should be possible.

' HOWEVER, there-are-certain conditions which have to be ful-

lilled, before any criteria can be accepted for racial classifi-
cation. These are conditions are as follows::—

(i) The mode of inheritance of the criterion should be known.

(ii) The trait must not be easily mﬂuenced by the environ-
ment.

(i) Demarcations between vananons of a single trait should
be clear. In other words, the critéria should be a discrete
and not a continuous vanable;, :

BY THESE standards, morpholog|cal tralts do not measure upto

in Indla 85%

L THUSE it-is-action: 6F

in most of the world, but found in 15% of.
ican origin, found in 70% of Africans.

of Asian populations. Duffy positive
Indians, 65% in England and
Africa, but Fy gene is very

0%, and Asians. Diego-
Pacific and among

| American blacks,
about 70%, and

heir mode of inherit-
ly influenced by the
are not discrete vari-
rphological traits are
fication.

three conditions, and
ious - other .advantages
traits are excellent cri-
vever, in reality this.is not
s; mankind Just cannot be,

tlene. (1 e, the s;ckle cell gene) also,
fitention. This ‘gene provides séme de-

mong the.Negroid..populations of central and
(reglons which have strong ma|ar|a| ervironment).
In fact, in many populatlons of central Africa, almost all the
adult individuals are heterozygous for Hb-S gene. However,

-outside” of central and east Africa, Hbs-gene is not found in a

sngnmcant proportion m any other Negroxd populanon

distribution of genetic tralts and the stnbutlon has no

to do with race.

IF GENETIC traits are also not reliable criterid for racial classi-
fication, than what are the good criterig_for classification? Nc
criterion can be considered as good for racial classification.
This for the simple reason that pure races of mankind do no’
exist, and so how can any racial classification exist. Mos
scholars believe that any classification of mankind into fixec
categories is useless, because the processes that constitute
human variation are dynamic (and not static).

GENETIC similarities between man far out-weigh any racia
differences. All living men belong to a single species and are

gainst Malaria and so is found in the high-
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derived from a common stock. This goes to suggest likeness RESEARCHES have shown that different people today &re the
“rather than differances. Populations differ from one another Tesults of their réSpective environments. All of tFier have sur-

relatively {(quantitatively), in respect of the frequency of genes vived in varied environments because of themp—
_and not in the kind of genes they contain. Segregation and  “tive sirategies @lowedﬂn_p the past:

recombination have gone so lar in human population, that it is

AR S — _FODAY'S racial differe al
impossible to classify individuals by any other definition less erences are the result of such adaptatlon

- SHVIEUe . only and haVe nothing to ht capabil
= complete than the total discription of their genetypes. \rgg(‘fo_r—émt’ure) M__De Wpa &

BEFORE ending the discussion on the criteria for racial clas- - .
sification one; must embark on the UNESCO Statergent on Race ROLE OF HEREDITY AND ENVIRONMENT IN
which concludes that the differences. between varicus buman .~ RACE FOBMATION

populations are not absolute but are in degree only and higher . " o
~or lower frequancy of a trail in a populamtlon HEREDITY refers to the genetic composition of an individual
B e S ——

“on Ihe capab capabl Tities of its subjects. or group. It includes all the biological traits_and_parameters.

Study of heredity is of vital importance whereby we can study

UNESCO STATEMENT ON RACE (1964) various gene frequencies in different populations as also the

ivi i i6s ~ ; wﬂﬁ migration. We can alsa stidy sUSCERTDIN to

1. All men living today belong (o one species, Fomo sapi- yarious genetic diseases and their influence o the gens Tre-
ens, and are derived from a common stock. - quencaes

2. Pure races do not exist in the human species.

3, Differences-between-individuals -within-a
/ reater than the average differences bejwe

L/4.,From the hiological - point of view

RONMENT, on the other hand, refers to everything other
ic, It includes climate, vegetation, nutrition etc._His-

hat environment has never been static;
iged quite often and so have the flora and

speak of a’general inferiority or, o e evolution to man has resulted in-
5" Human races can not be : 51 ficlel es brought about by man.

" domestic animals. "

6. It has never been prg
races has biologicalfe

in, over generations, all traits
omposition of an individual.
r a persons with a definite

&3 whole. articular kind of environ-
- lobin HbA/HbA as also
. ggemblologlcal e s, for example, can not

the,, race. malaria. HbA homozy-

; can not_suryivé Bei
-8.:No blologlcal Ju

nage betwee e
_ i arrying capacity and

“cultiral 'group
- concept of rac ind of:hemoglobin is:
- The people of The:hdividual with

bnologlcal\go hialific : eVl iof 7 De Uit srv«ve in {h«s kmd of

y level B : . 2o

11. Concerning the ¥

.- cultural developi
" cept of 4nferior™

Glelqggme_sge
aconments. A genotype

mriuch faster while the
ese their existence gradu-
direct bearing on geno-

f environment vis-a-vis he-
1A terms of micro-evolutionary -

. 1o have-any sc:entm
ists . should-endeavo

environmental dis--- .
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GENETIC MARKERS SR

THE BLOOD-GROUPS
BLOOD-GROUP variations obey Mendelian rulgs of inherit-

...ance. with. gratifying precision. They are therefore very valu-

- ~ THE A A,BO SYSTEM

- serological-tests.

“tions that are quite frequent

. which 'segregate to.

... the cells with: serum
, tinate; the B antige

- Canadian Eskimos-in the fa
. _other.extrere there'is &
“stretching from ‘easiérn’ Burope

=are found in lceland, which we know from™

““gion of Norway has a’ frequency above 66 per cent.

able in paternity testing, in distinguishing monozygotic from
dizygotic twins, and in work on genetical linkage. Since many
blood-group variations have high, but variable, frequencies in
“different populations, they are also valuable in anthropology.

In 1968 Race and Sanger in their classic book listed 14 differ-
“ent blood-group systems, i.e. blood-group specificities or
groups of specificities that appear lo be controlled by inde-
pendent gene loci.

This system was the first to be discovered;,
showed that the serum of ‘some rndrvrd
“washed red cells of certain other i ok
“laid the foundation of 'safé blog
‘geneticists and anthropologistsst

detect, and are Vvirtually u
postnatal age. and envir
fact until 1924. that Bern)
ance of the ABO blood- p
B antigens or both or

‘A, B, AB and O. Inherj

0O0. The presence o

anti- O is’known, -an
homozygous A or B

iT IS a stnkrng fact
whereas O reaches
Indian tribes, that -ha
that there may be selet
frequency of these allel
per cent in most of th

and reaching part of the Pacific
“O frequencies in the British Jsles
-and in Ireland. Comparably high fregt

zcolonized from Norway ‘in ‘the ‘ninth. ‘century.

of high O are also found in certain other peoples of. Europe
such as the Basques, whose Ianguage is of obscure affinities,

the Sardinians, .Berber -tribes -of -the. Atlas--_Mountarns -and. -

people living.in some. parts of the Caucasus._We ‘also see that

2 O'is relatively.high.in Arabia; however;-Arabic-speaking tribes:
“of Berber origin differ from the Arabians in other features of
““their -blood-groups, -apparently -‘an. example of a language - -
»-";‘spreadrng without much- aceompanying-fiow of genes. There™

is relatively high frequencies in northern Australia as com-
pared with the rest of that country and with New Guinea. The
island tribe, the Tiwi of the Gulf of Carpentaria has an O fre-
quency of 95 per cent. This is no doubt an instance of genetic
drift in a small community or of a founder effect; other ex-
amples of aberrant gene frequencies are known in various
islands of this region.

The B gene map is to some.: ent:the inverse of O; high
frequencies are found in a Iarge ared o'f‘central east Asia with
maximum of 25-30 per centin the Hlmalayan region. In the

. o
ot e

s

New World and Australia, on the other hand, this allele is
uncommon (5 per cent) or absent. The frequency tends to fall
in passing from South East Asia to Indonesia, and there is a
marked drop between New Guinea and Australia, where B is
found, in low frequency, only in the Cape-York area. B is also

- rare or absent in Polynesia. Westwards from central Asia the

gene frequency falls in an irregular cline and is notably low in
the Basques. Presumably the Asiatic peoples who first en-
tered the New World had low B frequencies, in contrast to the
modern inhabitants of eastern Asia; however, at least one east-
Siberian tribe, the Chuckchi, is known to have low B and A

frequencies. In Africa B frequencies are low in Bushmen, but

n hlgher in Hottentots.

A allele we see that frequencies are quite
ith some unusually high patches, notably in
n the New World the A pattern is to

but much more frequent in North
or more in certain tribes such
s. A is also frequent among
reenland. Again in Austra-
A patterns because the
ive conspicuously high A
re in some cases.

ricted distribution that
d 10 per centin much
ent or less in India
e world it is rare or
""""" requent (25-37 per
his is one of several
he Lapps, a peoples.

y the local frequen-
greatest abundance.
to be taken into ac-

gible fraction of A in the
I McArthur and Penrose

phenotypes Rh-posmve and Rh negatrve ‘could. thus, be dls-_ -
tinguished, the former behaving as a dominant trait. Inherit-

.. ance could be attributed -to. two . alleles. Ah.and. rh, which ...

segreated to produce two ‘dominant types, Rh/Rh and Rhirh,

. ‘and -a- recessrve rhesust negatrve type; rh#h. Subsequently " -

antisera were discovered in the blood of pregnant women or
in multiple transfused . subjects that- gave essentially the same
results. We now regard these latter antisera, derived from hu-
mans, as detecting an antigen D which is different from, but
related to, the artigen in rhesus mankeys. The Rh-positive

genotypes can thus bé rewritten D/D and D/d with d/d as the
Rh-negative type.

IN 1943, noticing certain regularities in the serological re-
sults, Fisher put forward a scheme to explain the genetics of
the system. He postulated 3 very closely linked gene loci,
each of which could be occupied by one of a pair of alleles,
Dord, Corc, and E or e. This-would allow 8 types of gene
triplet, or haplotypes on a chromosome as shown below :

O. The gene is rate or absentin =~

ent Lappish groups; =




’ "

_ Fishgr-Race notation CDE CDe cDE cDe cde Cde -cdE CdE
r o or r

Rl. R, R, y
~ FISHER thoughtthat each gene produced its particular anti-
~gen and the corresponding 6 antisera would ultimately be

discovered. This prediction was fuitilled except that anti-d has
not been found and may not exist.

B J
Wiener notation R,

THE Rh system with its 8 haplotypes and variety..of alleles at
each locus; gives great scope for variation in which the fre-
quencies in a selected range of populations. CDe(R,), for ex-
ample, ranges from less than 5 per cent in some African popu-
lations to over 90 per cent in many tribes of New Guinea.
There is a tendency for this haplotype to be more frequent in
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men have a deviant pattern, including one haplotype, Gm
(1,5,17), that is peculiar to them and to pecples with whom
they have mixed. They also have another haplotype, Gm (
1,13, 17) that is found in eastern Asiatic peoples,.but is not
otherwsie characteristic of Africans. \

Gm (1.5) occurs in many parts of the world, but, when addi-
tional factors are examined, it is seen to inciude 4 different
haplotypes in Africa and a different combination again in
eastern Asia and Oceania. It is an interesting fact that Gm (1)
and Gm (5) segregate independently.in Europeans, .

IN WORK on Australian natives it was found that certain tnbes
of northern Queensland have appreciable frequencies of Gm
(1,5,13,14), which is absent in tribes of the central and west-

the Mediterranean zone than elsewhere in Europe and for
cde(r) to be correspondingly low. This trend, which is marked
in the Sardinians, continues into northern India and in the Far
East cde(r) is rare. An allele’ of the gene C, C¥, is unusually
‘;‘P;@ frequent in Lapps, Finns, and Latvians, cDE (R, is conspicu-
ously frequent in American Indians and it is fairly high in
Polynesia and South East Asia. cDe (R;) is remarkab
cause the frequencies in Africa greatly exceeds
other region. Frequencies. of over 90 p

corded in peoples as physically conied

ern deserts. This, and certain other Gm data, are consistent
with gene flow to Australia across the Torres Staits. In New
Guinea itself there is a good deal of local variation in haplo-
type frequencies. In the Markham valley area the frequencies
of certaln Gm haplotypes are correlated with the linguistic
etween Melanesian-and non-Austronesian-speaking
evidence tends to support the viewthat the———
poouth East Asia. The frequency of Gm (1,
hart Bushman—Hottentot admixture

g tribes and-the Bushmen.-As we app antu

4 frequenC|es fall but are still 50 -STEINBERG sociated with much of the an-
@ per cent in some tribes of the thropological ors, estimated the amount of.
o the area south of the Cas L asoud and an-Hottentot) admixture in
i guencies have also bee pia and found 40 per cent

peoples such as Negrito
ern Australia.

AMONG the rarer hap,
tively high among s
India, and in some
- Veddzh thamssies

:quent amgng the Ain

@
@

also studied the Ainu of -
otype Gm (2,17.21) pe-

ed that his sample of
admixture.

HL-A) SYSTEM

es grafted from an
mmunological reac~- - - .-
s graft-rejectionyis’in .

e closely related: In- -

of the tissues are an

- andthe systemhas. . ..
mproving graft-toler-

or and recipient. The
tissues but not-on red.

- able variations of ce
Cof {he serum. The.im
xmportant but highly cg

_IHE ‘Gm . specificities,
variation_in the H chai
heavy chains can be re
of the Gm specificities ar
. gGjg, one or-two-with gG,-ang
VE:study the inheritance:

wé find ‘that: Gm(T) positive and
expected for traits determined by al
But if we test for several different fa
ihem are- transmitted-together- in-groupss
have already met in discussing Rh blood
for example the patteins Gm (1,17, 21), Gm (1, 2%
- Gm (3; 5,13,14) are common and are inherited as:uni
- . know that factors 1, 2, 3 and 17 are on gG,, where 5, 13, 14,

© and 21 are on gG and must theLefore be produced by dlffer-
- - . -.small, and the, standard errors of the allele frequencies corre-

<ent. locu s )
' ” “spondingly iarge, certain trends are apparent. Frequenciés ir -
. THE number ol populahons that have been tested tor a§ many . Eﬁ rope: 3{;’ fairlgy uniform buta few popﬁl% tions, sucﬂ as Lapps

ﬁ\s S?asens fgcé%rcs)vbstsgélggtrg earr):e Ige?naebst'::nEr?gd;?e?esrslggb:g? a .Sardlnkans ‘and Bgsques show deviations as they do f6r vari
. _ ous other genes. Some alleles, such as 1, 3, 7,8 and 12 are
o 2’:’%9‘;‘” tggrﬁgdégigguseffgﬂepgfp&?;l.gnsgﬁ\?ﬁ??r? '?ﬁé 2;erﬁz . much less common in eastern Asiatic, AustraIaS|an ‘and Ameri.
g can Indian populations than they are in Europe. On the othe:
i area. Certain haplotypes are frequeht in some populations but hand, 9s gor?splcuously frequelnt in New- W%rld Aborigines.
;anr}e |ce>r :/S"tggrlgmi?]s?r? tEISrgtr;irnss ((SCrr; (gasil d1s:§ tjlft) |sf0|rnf?:: especially Eskimos. In general, African frequencies are lest
e p P Awau divergent from European values, though some antigens ar¢
quent or absent elsewhere unless there has been recent ad- now known that appear to be characteristic of this region. |

mixture with Europeans. There,afe 4 haplotypes that attain 04 e noted that there is a good deal of variation betwees
zlegr'?v ;;e?r%?:?r?:mm I/? ’:S'Cﬁ?erl; oes or populations largely tribes in Australia and in New Guinea; such local variation it

always troublesome when.one tries to present the data in ¢
compact form. The HL-A system, with its numerous polymor
phic alleies, is outstandingly- useful for the study of populatior

two different but closely

ifferent LA-Jocus antigens

wn in Europeans and they

eles. at“esach Jocus. Due to. ..
p: f antigens: such ass

and 5(4) are inherited together in

an-refer to such combinations as HL-

me way as we speak of Gm haplotypes.

ey have persisted suggests that there may be

forces favounng certain combinations of alleles.

THE Irequencnes of some HL-Aalleles show considerable geo-
graphical variation. Although most of the samples are quite

G e
AR '

ke 2=




_lar way. The subunit com,

“"high vatues- occur

frequencies because they:

_affinities.

HAEMOGIL.OBIN (Hb) VARIANTS
A LARGE number of Hb variants are known today. The first of

“these variants to be discovered, sickle-cell Hb, is specially

interesting for population genetics as an example of a muta-
tion held at high frequencies in some places by selective
forces. \

Sickle-cell haemoglobin (Hb-S) : The beginning of the story

was the recognltlon of a severe type of congenital anaemiain =~

a West Indians in 1910. It was called sickle-cell anaemia (SCA)

‘because blood-films showed that many of the red cells were

distorted into an elongated, curved shape. Work on American
Negro and African families established that this disease is
simply irherited, the SCA cases being homozygous for an
allele HbS. Most of these homozygotes die prematurely unless
advanced medical care is available, so that most cases arise
from a mating of two heterozygotes who both carry a sickle
cell and a normal gene (genotype HbA/HRS). This hete
gous phenotype, known as 'sickle-cell trait’ L ;
ally harmful though it can cause trouble ap.hig
there is oxygen deficiency.

HAEMOGLOBIN.is a protein of m
lar weight of 64,000 and is copj
are of two kinds, the a-and th
cent of their amino-acid sit

third type: of chain, g, fou
the minor component,
present in normal adut

MORE than 130 stru
three of them, Hb-S,
areas of the world
or higher: Many popg ]
have 20-30 per cerntehlliezeickls-ce i

various peoples of
New World before i
quent in a.somewhd
on Upper Volta and

common in Thailand:
Benga! and at-the marg
IN EAST Africa the gene'l
- pastoralists. Possibly cer

2R 9%
C|es ‘ot HbS are f
hunters and-slash and burn agrictilf
. tain lower Hindu castes that may be
Patches of high sickling, as in parts o
Southern, Arabian- .oases; may be correlat

-~ tense- malana S
IN GENERAL the HbS frequencles in Amencan Negroes are

around 5 per cent which is about half that in many West- '
- Alrican populatlons but there are’ some.more or less isolated.

_groups.in which the gene frequency reaches 10 per ¢ cent.

T THE gene. HbOH
in a limited area of West Africa.

A FEW other veriants altain heterozygote frequencies around” |

5 per cent locally, e.g. Hb-D in the north-west of the Ihdian
subcontinent, Hb-K in parts of West and North Africa, and Hb-
O Indonesia in Celebes. The great majority of Hb variants are
rare and do not reach a gene frequency of 1 percent, which is
sometimes taken as the arbttrary lower limit defining a poly-
morphism. :

Glucose 6-phosphate dehydrogeriase (G_@Pﬁj,variants

s,
o e

Foeus of htgh'trequency(10-15 per.centy
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THE mature red cell gets energy for its limited metabolic ac-
livities by anaerobic breakdown of glucose to lactate. GEPD
catalyses the conversion of glucose 6-phosphate to 6-
phosphogluconate in the presence of the coenzyme NADP,
which is reduced to NADPH in the process. .

IT WAS noticed in the Korean War that many American Negro
soldiers had episodes of haemolysis when given the antima-
larial drug, primaquine. This primaquine-sensitivity was later
traced to an inherited X-linked deficiency of G6PD aclivity.

-Electrophoretic._screening of. haemolysates, using specific

stains to reveal the position of G6PD, shows that in many
tropical African peoples two variants of the enzyme are re-
markably frequent (about 20 per cent each).

A MORE severe type of G6PD deficiency, known as Gd-Medi-
terranean of Gd(B—), is frequent (15-20 per cent) in parts of
Greece, Sardinia, the Midle East, and eastwards to India. The
highest known frequency (50-60 per cent) is in a Jewish iso-
late that formerly lived in Kurdistan, but frequencies in Euro-

: henolphthalein phos-

are now denoted as

e ACP.C is the least - '

tions. The European .'
t. with rather higher
in Africa, as far:asthe

fiiencies of ACP,A seem to
ber of rare - aIIeIes have-

6PD in the HMS pathway, oxidising 6-
& .to rlbulose 5 phosphate and thereby gen-

The frequency of PGDC varies around 3 percent in Europe but- '

appears to be rather higher in some African and Far East . .

populations. Quite high frequencies have been reported in ~ .
Bhutan (21 per cent) and amongst South Afncan=Bantu 15,
percent) . P . -

ADENYLATE KlNASE (AK)

A

- The enzymes is- present in. various tlssues be3|des red cells .

and ‘catalyses the conversion of adenosine’ tnphosphate to’
adenosine diphosphate and monophosphate. In the standard
starch-gel procedure the commonest phenotype (AK1) ap-
pears as a series of bands decreasing in strength towards the
anode. A variant allele, AK2 produces a more cathodal type
with is generally seen in heterozygous form (AK#') because
this allete is infrequent in most parts of the world. AK? frequen-
cies are around 2-5 per cent in most European populations
but in Africa and in many Asiatic populations this ailele is less
common. However, frequencies of about 10 percent have beer

s, which.can be ac- . - -
on. -alleles-become: ...
{ allele, ranging from "

irope (8- per cent). .-

Fallele” are considerably” .
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y
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- the PGM, locus seems to be compf

.+ Haptoglobin (Hp}. .-

reported in Several Indian populations.

PHOSPHOGLUCOMUTASE (PGM)

--THIS eniyme. which catalyses the conversion .of glucose 1-

phosphate to glucose 6-phosphate, is also found in various
tissues. It is produced by three loci which are nct closely
linked. The products of the loci PGM, and PGM, appear as
two distinctisets. of isozyme bands when haernolysates are
examined by standard methods. The products of the third lo-
cus PGM, are not, as arule, detectable in red cells but can be
seen as a set of even more anodal bands in extracts of tis-
sues such as placenta. A number of variant alleles at each of
these three loci are known but only a few of them are com-
mon. Show the phenotype patterns associated with the com-
mon PGM, alleles PGM,"and PGM,2. The frequency of PGM,"
in England is 76 per cent and. (if we exclude a few aberrant
frequencies in small isolates) most values for other popula-
tions lie between 65 per cent and 85 per cent, with a ten-

dency for high levels in African and American aborigines. 1he..,

frequency of this allele in Lapps is sometimes g Q\Lvﬁgé
Lentj but vanies between Lapp groups. The rare var|

and PGM,” were found at 1requen(:|e5
Chinese sample None of the four

tected at frequencies around 1
can samples.

ADENOSINE DEAMI

THE three commonest p)
The frequency of the al
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HAPTOGLOBIN is an a, gicbulin which has the property of binding
free oxydaemoglobin. Thrce simply inherited phenotypes are found in
virtually all populations, though in very varying frequencies. Type 1is
the flomozvoote for the dllele Hp! and shows a single band. Type 2, the
homozygote for the allele Hp?, has a series of more cathodal bands.
The heterozygote, 2-1, has a weak band at the HP, position togethef
with a series of more cathodal bands that differ in position and relative
strengths from those of type 2.

HP? gene is found in man throughout the world suggests that it was
already present in quite early human ancestors. Another phenotype
which looks like a type 2-1 with weak cathodal bands is fairly frequent
(10 per cent) in Africans and is known as 2-1 modified (2-1M).

HIGH frequencies (60 per cent or more) of Hp! are found in many
tropical African peoples, in Central and South America, New Guinea,
and Polynesia, while a zone of relatively low frequencies stretches
from the Middle East to India.and South East Asia, and includes
Australia. Haemolysis due to malaria 4nd other diseases is commen
in Africa, where Hpa! frequencies tend to be high, buf is equally

: 'n parts of Asia where the frequencies of this allele are

e of the slow (D) varianis or
band.

mon in African popula-
Australia, New Guinea,
riginal. groups the gene
nalysis (finger-printing)
the same amino-acid
independently in these

te cornmon ancestor is-
ophoretic mobility very
Chirinese ‘and has been
and East Asia, in the
nd also in a number of
~variants are infrequent,
SA were found to have 8

to sefectiomor driftin” 1
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" AND the issue is : v

" This spurt is know

.. of fetifteen years when; again, their.

DD @Y H O @

.. spurk: Thisospurt is known as adolgscent:
-..-_._Iasts for three 1o four yéars. After the adolescent gro
is. completed the growth. declines, and say?&@ﬁt‘g?‘nerally .
attains its mammum llmll by lhe age of lale leen‘s or shghtly o
L later -

®o

ALL living beings survive on other living beings. They, for lheir
survival, have 1o intake some substances that, in fay man terms,
we calls as nutrition. These substances after their intake, pass
through the process of breaking down and resythensis so that
these can well be digested and assimilated into the body.
After assimilation. they help in the further existence of the
individual by becoming the source of energy. In fact, nutrition
refers 10 the energy requirements of a living body and these
substances which are the source of energy or those which
help in the release of energy are the nutrients. Proteins, carbos

mins are themselves not the source of energy_ byl
release of energy of other nutrients.

DIFFERENT types of nutrients are in
teins, in the hour of need can be-
vice-versa. Similarly, fats (the stg
into carbos, the instant energ
the forms of nutrients - prot
interchangable among thg
acids - oleic acid, linolg
have to be taken in the
and can not be created:

A LOT many details
ents, the sources of {
of their higher or lo
ciency diseases etc

are also contained.i

Civil Services. We sk
talk of the real issue

body especially on
these effects of nutritiog
human bedy growth.

days after birth. The indivig
birth, upto, lhe age of six of

spurt the growth of body again is

the body; and this time more marked thah<i

latie¥ a few individuals aré measured at regular intervals (of

their growth period (say from birth 10°20 years) and through

their study, the growth standards of the population to which

they belong can be known. This is quite a cumbersome method
and one researcher may not be that patierft,or i@ ™ay not

THERE are two accepted ways lo study body growlh kn wn

-say, 'six months or one year) throughout or through most of -

have enough resources to continue this long or his age/health ...

may deter him from carrying out such patient work. Besides,
there are many other limitations lmposed on the researcher
by the longitudinal method and the method is not very popular
irt its use.

l)/CROSS‘rsectlonal method the esearcher takes the anthro-

ol s
i
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HUMAN PHYSICAL GROWTH ;a

pometric measurements on a large number of growing and

fully grown individuals of @ popufation through the random ™~

selection of the individuals. It is a one time jo), The growth
standards of a populalion can be known through this method
by plotting a graph by lak\m_g _Lh/_e“ average measurements of
the individuals in the same age-group. This method is not very
accurate but saves considerable time and energy.

_REALISING the pit-falls in thé two standard methods, a combi-

nation of the two {kiown as the semi-lon mhod) is
more cornmonly used whereby a significant number of indi-
population chosen by random selection-are-raea-

ed period (say three to five years), periodi-

juvenile and adolescent - have ge-
ot .be seen in the absence of he-.
wever, get their fullest expres-
nutrition throughout the time
alnutrition or undernutrition
ividual will_not_grow to his
ed. If however, he starts
gh the spurt, the spurt
in his expected hlghl/

redltary col
sion only if one
tod of spurt. In ¢

ins-a:considerable. ;... ...

eta erlo susaly -
enstrual period, an
zation, but as a rule

s reached later, usually
about 36-weeks to birth
2 of the’ foetus slows down

#when their combined welght is.
weight of the gingleton foetus. Birth
general; reflect the Traternal environ-
#8 genotype of the child. The slowing-down
ables a” genetically large ‘child developing in
f-:a-small. mother 10 be delivered successiully. Di-
rectly aftei Birth the growth rafe increases again, - particularly
in genellcally large E:'h'lﬁ ren, and in welght reaches its peak :

g . JHE.v 1. growith in length is not very. great dunng lhe .
“ as” ¢cross:sectional method and longitudinal” method:in¢ the ™ first 2 mioriths of foo > This is the pericd of the' embryo T

During this penod |, differentiation of the ori iginally homoge-
neous whole into regions, such as head, afm;_and so_forth,
occurs (‘regionadlization'), and also histogenesis; the differen-
tiation of cells into speCIallzed ma_as_mcle or
nerve. At the same time each région is moulded by differential
growth of cells or by cell migration into a definite shape. This
process, knowh as morphogenesis, continues right up to aduit-
hood, and Inc indeed, in some parts of thg body, into old age. But
the majcT part of it is completed by the eighth post- trual
week and by thén the embryo h‘as assumed a recognizably
human or child-ike appearance.
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801 BOYS : ‘BIRTH
- AT the end of the gestation pericd, birth (parturition) oc-
70-1 — curs. The factors that-lead up to the initiation of labour are
% not fully understood, but it is generally believed that both
d ‘the mother and the infant participate in the process through
T 60— the production of chemical messengers that signal the end
o of the fetal period of life. The size of the fetus, the increase
Z 50—+ ! in intrauterine pressure, and limitations in the diffusing ca-
= ! pacity of the placenta are ali thought to play a part in the
LT'J40.__ termination of pregnancy. The onset of labour itself is the
L:E result of increased levels of oxytocin released by the neu- "
; . rohypophysi osterior part of the pituitary gland). -
®  z 304 o
- =
: 2
o 20 \
& BIRTH
& 10}

1
10 20 30 40
POSTMENSTRUAL

Development of the Human
(3-8 months) foetus

tus, the fetus is forced
ical adjustments in a
th air and the umbili-
ing the flow of oxy-
-the.increased.flow.........
f the heart,.particu-
he lungs, increases.
ow to the heart from
of oxygenated from ..
rtant. In normal births,
Blood-collecting cham-
membrane covering
ltimafely fuses perma-
, the blood vessel that
ed the flow of blood from
arteriosis, is closed off by
he expa nded lungs. These -
anges::are, .not: surpnslngly,r__ .
the babyshrst cry.

- THE FIRST- 4 WEEKS

" C-H LENGTHVELOCITY, C/4 WK
|

ewborn‘human is helpless in ma_LL&SDects but it
: RS enters the world eqUIpped with & set of reflexes that help'it -
, to survive. These refleXes are are -conventiorially checked by. .- -
l Grthh of the Human Embryo and Fetus |, the attending physician to a$sess the infant's neurological
|Age - Length Cirown Total ' Weught| -'development ‘thowrey,1978). One of the:earliest reflexes - »
: Lo loRumpe . .. . Length. | -1 the infants and in afl but the smallest prema-.
farits. Newborns Wil not only’ suck vigorously on‘a~’
. |60 days 30mm 40mm  5gm fingertip placed in their mouths, but they will also turn their
|90 days-- 55 mm.. 70 mm L20gm. _:heads in the. dwectgg_ojgl_nght touch on the cheek This is " *
50 mm 120'gmv “called tpe_@glgg__r,eﬂezi, which combined with the suck-

120 days 100 rrm ERSS : ing refiax allows the newbomn to-find and feed fro\m the
| 150 days 150 mm - 228 mm 300 gm “fother's breast Ariother reflex_present by the end of a .
| 120 days 200 mm 300 mm 635 gm normat gestahon is the Moro reflex, which is_an_embracing
|210 days 230.mm AR miotion of the arms in response to removal.of support for

the hedd when the baby is Tying on_its back. Newborns

| 240 days 265 mm also reflexively "walk® when supported vertically with the
| 270 days 300 mm soles of the feet on a flat surface and moved sIc?wly for-
280 d 310 wards. If the outside of the sole of a full-term infant's foot is
. - ays mm stroked from heel to toe while the baby is lying on its back,

. R i5‘
780 \“Y m/t-vr“
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the big toe will curl downward. Thrs is called the Babinski
" reflex. An object placed in the hand of a full-term newborn will
shimulate & yrasp somelimes so strong that the baby can be
lift into the air while holding on to an adult's tuhumbs. Normal
newborn can also blink, sneeze, cough, and gag, all reflexive
responses that can proiect them from eye damage, choking,
and asphyxiation.

i
At birth, the average human infant weights about 3-
3.4 kilograms (7.5 pounds) and iS aboul 51 centimetérs (20

“.Inches) long. Full-term femalés are somewhat lighter and
~slithtly shorter than full-term males. Its proportions djffers from

those of any later time in Tife. Its head and neck make up 25% .

‘Age Head and
Lower

- Neck
imbs e
Birth’ @ '

- THE humary
_the greater

.difference in. maturity ca

. oped brain early in Tife. At birth
o *12% of.{he total body Mass_cok

- of life ‘and will ‘approximate adult size (abou )

Dnead and necK |
normally Séen in The adult. The newborn's arms are weak and
pocrlyl developed, and its legs are even more poorly devel-

“6ped. Whereas the lower limbs™Tapr represent about_half of the

total length of the adult, they are only about a third of the

Thewborn’s Tength, and their tendency to be drawn up agaip
2

the baody  makes themappear evén shorte_r.ﬂg

cess, Table below Shows the
several ages upto adulthood

ATty O
bryo and fetus comparé:

body mass:at adulthood. The newb
growing organ that will double its wei

at birth) by around age .10. Under normal &ireums
infant's totarboay weight will double ifi The first 5 months, wi
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ingly sophts'ucated areas of assogiation in the maturing brain

to receive more information faster than would be possible if
neurons were unshealhed. ,

OTHER organs besides the brain grow raprdly during the figst
year of life. Most impressive is the grolvt'rl'of_ttﬁ_thinlgg__a
gland located in the chest behind the sterfium, or brease bone.
The thymus achfeves about 40% of its adult weight in the first

year of iife. It will coniinue to grow rapidly untill about the age

of 12 years, when_it is usually about double the size it will be

have tipled by-Ihg BTG ol th,_r_s_y_ear_and wrll Be ab about ten_ '
_times birth werght by.around age 10. _ -
arouneage . - o

7

Postnantal. growth_of the_ brair : : {
crease ‘ot ‘Eall Size-withvirtuatly ne rncrease in cell humber.

.~ Important changes in_brain function arise tromengthen-
. ing of celt processes of the nerve cells {neurons) and the

‘= establishment of

ections (synapases) betweén neurons.
~ One ol the features th*drstrnourshes ‘the_human brain from
that of “other mammals’Ts the large number ot synoptic con-
m présent and the development Of major_asSociative
afeas whefe information derived from’ Several sensory chan-
nels and from memoty is integrated and processed through
nurmerious synpases. In addition t6:ihe increase {n the length
of neurons and the establishment of omplex areas of asso-
ciation, the brain also grows By ~the ‘agddition of insulating
sheaths of m ehn a fatty substance pro Uced by specia rzed

at age 20. The thymus_gland is a very important comp_cm_ept of
| 't_a‘_—t‘»_n__ﬂ’___dy__lmcmgrrrmmasstem playing a major role in the
education” of T-celis, which are crucial to the defense against
many infections_as well as cancers. ~o
DURING the first year of life, -both head circumferences -and
chest circumferences will increase by about one third. In a
riormal, wellfed baby, chest_circumference will exceed head
circumference for the first time at around the sixth month.

poorly fed or sickly babies, this s may not happen until much

ct that is often used to assess the nutritional status of

[

\
increases by about 50% during the first
g, rate ogrowth veloc-
hortly after birth-until the onset of
he Most rapid increase in length

when Tor a short time the fetus
eters a month.

the adoles B0
had occurred

part is characterized by
radual increases in or-
the attainmient of up-
infant progresses to
ular control improves
fjor milestone for the

rm the foundations:
velopment, with The
the addition of syn-
is liftle 'doubt that the
alyzes 4 remarkable
aspect of that process-

2l to. another just as physr-
that he process can e T

ase’ rntruge S, As mentroned prew-
Ains_adult size by about 10 years of

¥ etition of growth than the average male
jage. This:sex difference. in maturity-is already
birth and remains about 10% up to. and including
‘occurerice of sexual maturation and the frnal cessatron of

growth. Thus, the ‘part -of the life ¢ clé tha desig-

) nated chrlthQd is of greater duration in boys than in girls”—
‘Differences. in size and proportion that characierize male and
. female. adults are. largely the result of the longer-period of
cHildRood grown that boys experience.

. Vocabutary Devetopment of Children upto 6 year of age
Year ' "Month Numnber of Words,
1 = 3
19
22
272
446
896
1222

W W N =2 =
DO ;O O, Wwo

and development ...

, as+in al others, the average female -




4 0 : 1540
5 ) 2072
6 0 2562

" The most noticeable changes that chitdhcod growth produces

are those of increased height and increased length of the
legs. Children grow by increasingghe length of the long bones

of tha lane and arme and b incrascina the haeinkt Af indi-
vic \_l : wih is

. MAXILLA

-3
Boys G

Eruption times (in years and months) of the permanent
dentition of girls and boys i

B S few consonantsomds

-4 years
ectives and

Speech nears 100% rntethglbrhty faulty articulations of
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called. epiphyseal growth because it involved the presence of

epiphyses, the growing gnds of long bones_separated. from
the shaft by a cartilanginous pfate.
— t T

i/ATfhough the predominant factor in the increase in height duk-
ing_childhood is the growth of the Tong bones of the lower
limbs, the spine increases in length as well. Each vertebrae
increases in height throu rowt uring at the annualr
-epiphyses. This aspett of grown is slow_and persistent, and

the last epiphyses to close are generally those of-the thoracic........ -
_verteBrae.Z%s _a_gonsequence of the sequencing of epiphy-

seal closured, growth of the spine persist after growth of the
tegs has stopped, and-the sitting height will make up a larger
._proportion of total height in the adulf than was the casein in the
_childhood:™

L/TJ:IE skull, mandrble and dention also undergo maijor changes

during childhood growth. By age 10, the size of the skull is
_nearly that of an adult, but much change will take place in the
aws _later. The_eruption of the decidous- (or milky
g the first year of life, and some of the per-
ar molars) appear in mid-childhood.

ERENT TISSUES AND
BTS OF THE BODY

nsions follow_approximately
ht. So also_do the dimen-

have urves suffic sufficiéntly

| - == Pattern of Normal Language Development - _ |
i lAge Vocalization and Speech i ' Respon_se ‘a'nd"Coml
prehension : . [
- month Much cryrng and whimpering; produces some vowet and ........ ..:Smiles; decreases actlvrty, startles. at Ioud sounds TN I

B months Different cries for parn hunger and dlscomfort decreased Vocal gurgle"in response 'to soothiné voioe, SOmel' '
| : " crying time;some repetmve sounds.(* ga ‘ga, ga').-coos.and.. .imitative respense:to speech.. . ST I
| sighs ' ) |
p months Bables; vocal play; many repetitive sounds allvowe|s m, |m|tat|ve response to speech decreased; turns}
nd N "~ k, g, band p; laughs out loud - - 3 lodks to 'sound; recoghizes taT
iliar voice; voccallzes dis-
asure. : . |
|Z months ... Consrderable vanety in babbhng Ioundness and rhythm ot Gestures lncrease as part of vocal responses to | e
el ocalizaitionis ; ‘ 'rea naly mﬂuj_
bnced 5
[ 7 talks to toys. e . by visual factors. |
" -B-months- - -Gries-lo get- attention; |ncreasmg vanatrons in pltch "mamd’, Retreats from strangers, often accompanied by
L pyine T _ [
_ §Es y e "data“and "baba part ot vocal play but not asocrated wnh a _' may limitate hand clapping. |
t S person or ob;ect ' ' I : ' |
_'[11 months . Mame one word correctly rmrtatlvessounds andgorrect ~ Comprehends "no no"; responds to “bye-bye" of
et ___number ot syttables Irttle_ cryrng : .. —cake wrth appropnate gestures. . .
1'2 years Much umntelhgrble jargon; al vowels present improves Ftecognrzes 150-300 words by 24 months‘
Lesponds o oL
n - articulation so that 25% of words intelligible; names many, ﬁorrecﬂy to several commands {"sit.down®,’ grve=
e o .
| objects by 24 mo; rnqch echolalia. that", stand up”, come here”’, and so on). |
b3 years Tries new sounds _b_ut_ articulation lags behind vocabulary;  Comprehends 800-1,000 words by 3 years, red
bponds I
| 50-75% of word' intelligible; otten omrts final cons\onants to many commands using "on’", "under”, "up” and
go jargon neafly absent." on.

Recognizes plurats, sex differences, ad]

adverbs comprehends complex sentences.

een, and kidneys. dlow- - -
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the reproductive orga
taneous fat.

" THE graph below sh

-of body  measuremen

very differeht in princip
~ bescent growth: is slowi
““hey are less sensitive tf
moré sensiive to anothe

leristic postnatal growth cu
adult weight; at age 5 year.

_—

" percent.: Thus if: lhe braini' hds

"_curve midway between thaj of the top p

mad—flengtﬁ But it has still a considerable
"Which is h%ﬁthm ‘the head as
- Javanced than the rémainder ol e body, and the top part- of 1[ thal |
the eyes and brain; are more advanced than the Jower portion, that l's’
the face and jaw._ -

t reaches its maximum amount |

the sex hormones, declmes to its adult value.

E subcutaneous fat layer has also acurve of its own, and a some—
‘what complicated one. Its width can be measured elther_tgy_L(;La)Ls or l
by specially designed calipers applied to a: fold-of fat piniched up from |-
the underlying muscle. The distance and velocny curves of skinfolds
taken on the back of the arm over the triceps muscle, and under the

.angle of the scapula, are shown in graphs on.next page. Subcutaneous t
fat began the foetus at about 343/Lcks/gnd in- |
creases from then until birth, and from rlh unlll about 9 months (in
the average child The_peak may.be-réactied as éarly as & monts in

some and as laie as a year or 13 onthis ifi:others). From 9 months,
when the velocity is thus zero, the: subcutaneous fat decreases, that is,

3§,

estme and | -5

ol cence, nd then; probably undér the dir ecwge,o_f | 10
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has a negative velocity, until age 6 years to 8 years, when it begins to
increase once again.

IT MUST be noted that we have discussed the width of the fat layer; a
decrease_in this width dges not necessarily imply a decrease in the
cross-sectional area of of fat. The fat is a ring around a musculo-skeletal
centre which is itself increasing at all z t all ages; if the cross- -sectional fat afea
stayed_constanit the width of the rir ring would be reduced simply by
enlargement of th;_rrﬂlwg_tal core. However, calculations from
measurements of fat on X-rays show that the cross-sectional area does
-in fact decrease, during these early childhood years. The decrease is less

in girls than boys, so that after age 1 year girls Wmom fat
_than boys. e

THE increase from age 7 years or so occurs in both sexes, in measure-

ments of both limb-and body-fat. At adolescence, however, the limb-fat
in boys decreases and is not gained back until the age of about 20 years.
1n boys' trunk-fat a much smaller loss, if any at all, occurs; there is only
a temporary half to the gradual increase. In girls there is a slight halting
of the limb-fat increase, but no loss and the trunk-fat shows a steady
gzuntil the age of discretion is reached.

weight represents a mixture of these various tissues
] n less informative than those of its component
dividual veldcity curves of weight follow a
rvé. Though to some_extent useful in

Triceps ____.-" -

roe -

-
i
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t‘ollowiné the health of a child, weight has the severe limitation that an
" increase may signify growth in bone and muscle, or merely an increag®
in fat. Similarly, failure to gain weight in the older child may signify
little except a better attention to diet and exercise, whereas faifure to
"~ " gain height or muscle would call for immediate investigation.

+POST-ADOLESCENT GROWTH

OWTH of the skeleton does not entirely cease at the end of the
adolescent oenod In man, unlike some other mammals such as the rat,
__the epiphyses of the long bones close completely and cannot after-

wards be stimulated to grow again. However, the vertebral column
“continues to grow from age 20'to 30 years by apposition of bone to the
tops and hottoms of the, vertebral bodies. Thus, height Increases by a
small amount on average 3-35 mm, during these years. From the age of
30716 45 or 50 years it remains stationary, and then begins to decline.
The timing suggests that androgenic hormones may be of importance
in' maintaining this growth, as tiiey are in stimulating the vertebral
column growth at adolescence.

FOR practlcal purposes, however, it is use;ul to have an a
«—" one may say ihat growth in stature has virtually ce :
which only some 2 perceiit is added. Longitudina
an. average houre for thls is currently ﬁboq) <f

(o

specific molecular,
-measured and-des
‘.and rarely do lhey

_ lung functlonung et
“many:studies. But st
seYvations are alos
biological sefl-regulati®
- .no. biclogical or géneti
many theorigs about th
~must age all. One theor

-?&s__gging with the limite
yperplastics cells "W
“Tissue_culiures Fuman_embr
-humber:

e Tissue (ulxures ol cells Ifom ad
more. limited miohic potential, doubl
before dying. This doubling. limit of:hy
vides a theorelical limil to life in

.reach this limit. Rather, the Tnability

“Te1ve, muscle and- other nan- replicating. cells, 1o- use nutnen
e

Biclogical. plan o
because there

I developme

vencefor agng.1may.

cies, that human populaiions hémcﬁﬁ/e—bastme

adult Through ; death by predation, dis-~.
—gase-and raume caused by v:o!ence and-aceid e‘n_t_ETS"ps W Tob-
gbly more common than dealh due fo-old Fge. iS inevi-
table, but nature did not have the Time of the sele@s-
sures to mold our manner of death mto a predictable pattern.

RECENT researches have demonstrated that brain cells keep.

replicating even .,Ln_.l@_OL(Lage and dama is'ets of
Langernans can rege_rl_e__mt_e_lb_e_ms_eives hite th

ently further information is

still awarded.

e e————

;gngﬂr___(mnw_gp begins before the cells die. Undoubtedly,. - ..
i

. ) '_5__,_S_§_EIU| i-causal process. The reason why there is no

no biological reason 1o’ 3ge-in any partt cular
way it is’only: ;ecemt s in the evdlutionary -history: of our spe- -

__.SEX‘ DIFFERENC.ES
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GROWTH AT ADOLESCENCE

THE adolescent growth spurt is a constant phenomenon and occurs in
all children, though it varies in intensity and duration from one child to
another. The peak velocity of growth in height averages about 10 cm a
year in boys, and slightly less in girls. In boys the spurt takes place ‘on
the average between 12 and 15 years 0 of age, and in girls some 2 years
earlier.

THE sex difference can be seen in figure on next page which shows
the velocity curves for a group of boys who have: their peak velocity

10[

v
3

Girls ~$ =

18

their peak between 12
d women is to a large
sity of the adolescent
e 2 percent'in height,
owth, even at the slow

erence is around 13 cm

er intensity of the spurt. . -
- —

dimensions take part in the
t of the spurt in height is due
e legs The muscles appear to

¢ to the Jater occur-

the later occurrence of -

greater intensity of the- - -

h also. Probably even the eye the'most . .
maturity | and thus the one w;th least frrowth- .

Ards myopia, (short-mghtedness) which occurs ‘around this .. | ..
,egree of myopia increases continuously from age 6.0r earlier '

till maturity, but this accelerated rate of change at’ pubexty would be

~“ost simply accounted forby a fractlonally greater spurt in axml than -
+- in vertic dlameters -

MANY of the sex differences of body size and shape seen in adults

are the result of differential growth patterns at adolescence. The greater

general size of the male has already been discussed. The greater relative -

widths of shoulders in the male and hips in the fernale are largely due
to specific stimulation of cartilage cells, By androgens in the first in-
stance and oestrogens in the second. The greater growth of the male
muscles also results from androgen stimulation, as do some other physi-
ological differences mentioned below.

NOT all sex differences develop 1‘:{ this way. The greater length of the
male legs relative to the trank comes about as a consequence of the
fonger pre-pubescent period of male growth, since the legs are growing
faster than the trunk during this particular time. Other sex difference:
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"-bers: marked 'public hair

and sometimes as ]ate as 14%: years

. -._.“enormous variability in development amongst a
v range practlcally all the*way- from complete m:

). & ' ~L A_pex
. strength
) - spurt '
Height spurt
Penis 10.5-16 133175
_ ]
Testis "105-145 95135
G. Raing )
Pubic hair 13.5-17
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begin still earlier. The male forearm is longer, relative torfh
or the height, than the female forearm; and thi
established at birth, and increases gradually {
inig period. It is probably caused by the la
of slightly more tissue in this are
active tissue. It occurs in some othe

A SIMILAR mechanism may
relative lengths of second an
longer than the fourth more
this difference is also estap).
all the prepuberty sex dif]
of the female. :

DEVELOPMENT
SYSTEM :

THE adofescent spurt f]
refated W the rapid
takes place at this ti
outlined below diagram

Theg, solid areas marked
erated growth of these o;

sequences and, timings rep
give an idea of the individua
of ages at whnch the spurts {g;

not begin their spurts in height or peni
naturers have-entirely-completed theirs.

"lute pre-adoleseence. The fact raises difficult social afid ed
cational problems and.is-itself a contributory factor to the psy-

) chologrcal malad;ustment sometlmes seen in adolescence

SLTHE $equenceof evénts-is much less vatiable:than the:: -age: at :;'=
. which they take, place The: flrst sign. of puberty in boys.is an-
accelerated growth in’testes andscrotiim. > Slight ‘growth “6f -

public hair may start at about the same time, but proceeds

slowly until about the time the height and penis simultaneously

accelerate, when it also grows faster. This is usually about a

year after the first testicular acceleration. The testicular growth *

is mainly due 1o increase in size.of the seminal tubules; the
androgen-producing Leydig cells appear to develop more or
less simultaneously.

AXILLARY hair usually first appeafs about 2 years after the
beginning of pubic hair growth ‘though there is sufficient indi-
vidual variability so that in;a vensifew children axillary hair
actually precedes public hair 3 appgarance. In boys facial
hair begins at about the same time ; as axilfary hair. An in-

- - —_
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crease in length and pigmentation occurs first in the-hair at
the corners of the upper lip, then spreads medially. Hair next

.appears on the upper part of the cheeks and in the midline
just below the lower lip, and finally along the sides and lower
border.of the chin. The remainder of the body-hair appears
from about the time of first axillary hair development untit g
considerable period after puberty. The ultimate amount of body-

U R
(a)
Height spurt
Menarche )
=
Breast 10.5-15.5

r
T

T "
14 15 16 17

o depend largely on he-
1e kinds and amounts of
reactivity of the end-

occurs at about the
jon. The voice change
e until adolescence

eola enlarges in di-
gement with projec-

hrough adolescence
which in the majority
dr spontaneOUSIy

mmg urine samples on
ght velocity; but in some
er than this. Whether they
year or two after their ap-

own above) though the sequence
t. $he appearance of the breast-bud
5 gn of puberty, though the appearance of
ometimes precede it. The uterus and vagina
multaneously with the breast. Menarche (the first
menstiual périod) occurs almost mvanably after the peak of
the height spurt has been passed. -~

" MENARCHE marks a definitive, and probably mature stage of
Uterine developrment, but it does not -usually signify the attain-

frequently occur without an ovum being shed; during the first -
year or two after menarche there is a period of relative infertil-
ity, characteristic of apes and monkeys as well-as the human .
In one study, 75 percent of cycles during the first 2 years after
‘menarche were anovulatory,and during the subsequent &
years still 50 percent. Two years latér the figure was down
25 percent.

_/FACTORS CONTROLLING GROWTH
PRENATAL PERIOD \

GENES on the Y-chromosome cause the preyious}y undiffereptiates

 there are frequently -
out-a third of most -

m subareolar mam--, .

ment-of:full reproductive, function. The early menstrual cycles - -
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gonad to become a recognizable testis at the ninth week of foetal age,

" reckoned post-menstrually (or seventh week post-fertilization). Whether
this is the result of hormonal action is at present uncertain. At the
‘eleventh post menstrual week Leydig cells appear in the testis and by
the twelfth week they secrete testosterone or an allied substance, prob-
ablv under the influence of chorionic gonadotrophin, which reaches a
peak in the mother’s urine at this time (where its presence is used as
the standard test for pregnancy). The testicular hormone causes the
previously undmeremmted external genitalia to form a peifis and scro-
tum. _In. the fema]e it seems that differentiation of the cvary and
external gemlaha proceeds more passively. lii‘the absence of the Y-
chromosome, nothing happens at the ninth week and at about the tenth
‘post-menstrual week the gonad turns into an ovary. The external geni-
talia become female at around the fourteenth week, apparently without
hormonal intervention.

THE prenatal role of other endocrine glands is somewhat uncertain.
Maternal oestrogen passes across the placenta and causes the uterus
of newborn girls to be temporarily enlarged at birth. Thyroid hormone
is necessary for the normal development of the brain, and is secreted
y the foetal gland. The adrerratgiand has a special zone whig
developed at birth and regresses soon afterward
its cause, however, are still matters of debate

POSTNATAL PERIOD

THE most .important hormone ¢
adolescence is somatotrophin o
tide secreted by the pitvitary
(or rather order) specificit
human or monkey hormone

THOUGH growth hormo
for foetal growth. From )
normal_ rate of growth
isolated growth’ hormone%“
mal (though in fact the
.they ga to ,SC.!?QO!z or W

causes growth by stimu]

or Ingulin like Growth-
Somatomedin. C which

‘hormione. The administr
lacks it causes growth of
acids into tissues to form P
amoéunt of adipose tissue, shi
ing down of fat U laying do
-the hormone are w sm

“THE secre _g_@,g,Lngth Hormon
mones, is controlled by the’ hypolha

lamic hormones concernedza stimulato
leasing factor (GRF} and an inhibitor call

vr.— GROWTH hormone is secreted i ulges throuohOUMm of
- __the day, not continuously. Exercise, afxiety, and sleep regularly cause.

¢ B

secretion, but other factors are uncegfain. Under normal circumstances,
" " some $ix or eight pulses occur egch 24 hotrs.. The amplitude, and
. perhaps the frequency. of pulses ificreases af puberty, contrlbutmg to-

‘thie adolescent growth spurt It i§ At present-not ¢Jéarwhether shortness,
and tallness within the normal range are caused by differences. in
- amounts of somatomedin but

3'\ctenst1cs of réceptors irithe carulaoe cells, ” -

~ THYROID hormone plays a vital ro]e ‘throughout the whole of

grawth. The activity of the thyrot ,]udoed bmmtabohc
rate, decreases gradually from birth toadolescence, at which time it
probably increases, or at least falls less.rapidly, far a year or so0. So
far as rate of growth in size is conc_erhed the action of the thyroid
is permissive and not controlling. 1 hypothyrondlsm growth 1s de-
layed; skeletal maturity, dental;
all affected.

St
Erom birth up to

nch mare probably in amounts or char— -
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of skeletal maturation must be hormonal, the balance of hor-
mones is not yet clear. Lack of thyroid hormone and lack of
growth hormone both cause retardation; sex hormones and
adrenal androgens cause:advance. Small quantities of séx-
hormones and adrenal androgens Circulate in the: blood be-
fore adolescence, bul what part variations in their amount,
play in controlling tempo of growth is quite unknown.

PUBERTY
AT ADOLESCENCE a relatively new phase of growth occurs
in which hormones from the gonads combine with growth hor-
mone to produce the adolescent spurt. It seems that a full
spurt is dependent on both sets of hormones being present;
boys with growth hormone deficiency have a spurt only reach-.
ing about half the normal peak velocity.

TWO out of the three major groups of hormones produced by
the adrenal circulate in the blood at relatively unchanged
levels from birth onwards; these are cortisol and aldoster-
the latter being the hormone which maintains within
ablg limits the concentrations of electrolytes in the

enal hormones, the androgens, appears
hood, at the time of the mid-growth
gradually from about age 7 until
tate of increase about doubles.
's economy is uncertain; it
nction. However, testoster-
ase in size and strength of
d of the increase in num-

spuberty is fairly clear,
ence is initiated by
puberty the pituitary
ufacture them, - but
culation because it

substance, luteiniz- .
), an octapeptide
arcuate nucleus of
vitary via.the hypo-. .
Itis the hypothala-
aturity, not the pitu-
aturity the hypothala-
is released.

S a general importance for
F mechanisms. In the nec-
system already established
gvels of circulating testoster-

ete LHRH and thus reduce the
ophin_level. Thereafter, throughout
em seems to go into cold- storage; the.
ds goes to sleep, apart from a very occasional.

at night-and.subsequently in bursts throughout the 24.hours..

The gonads.respond.by secreting sex steroids and these o
“ mow re-establish. the-original feed-back system... Just what__.___’__._,.

auses the awakenlng of the ar¢ ate nucleus remains a mys-
tery“Clearly, we ‘are- deahng ‘with 'sbme sort of-interial cloek
but one dependenl on the passage of numerous prior events

. In the organism and not simply dependent on chronologlcal
“‘nor even wholly on developmental time.

" THE reason for the increase of adrenal androgens at puberty
~. is less clear. Since cortisol continues to be secreted at pre-

adolescent rates it is unlikely that adrenocorticatrophic hor-
mone secretion is increased at puberty. It seems likely thal
there is a specifically adrenal-androgen-stimulating pntuntary
hormane, not yet isolated.

MUCH else remains obscure. The cause of the pre-adoles:
cent increase in fat is unknown, though its timing seems tc

do so..Gonadotro-. .. ...

: Then, at puberty, something wakes up the arcuate, “ -
-LHRH is secreted, gonadotrophlns are released, at firstonly.. -~
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--GENETICS OF GROV

THE geneucal control of lempo of arowth is manifested most s 4
the inheritance of age at menarche Identical twin' sisters reach me-—_ .

.

" coincide with the fast increase of adrenal androgen. Though
*we are beginning to understand the delicate linkage of the

hormonal events of adolescence, detailed knowledge will
have to wait upon longitudinal studies conducted with the

‘more sensitive chemical and biological methods that have

recently become available.

The Interaction of Heredity and Enwron ment

in Controlling Growth Rate

MANY fz\ctorsK that affect the rate of development are known. Some
are hereditary in origin and act by hastening or retarding physiological
maturation from an early age. Others, such as dietary restriction, sea-
son of the year, or severe psychological stress, originate in the environ-
ment and simply affect the rate of growth at the time they are acting.
Others again, such as socio-economic class, reflect a complicated mix-
ture of hereditary and environmental influences.

THE height. weight, or body-build of a child or an adult always
represents the resultant of both the genetical and environmental forces,
together with their interaction. 1t is a long way from the possess
of certain genes to the acquisition of a height of 2.4p
genetlcs itis a truism that any particular gene d [
sion firstly on the internal environment crea i
and secondly on the external environmeg

bettering the nutrition by a fixed
cent increase in height in all pS
constitutions; instead a 12 per
tall and an 8 percent rise in t
tion is called 'multiplicativ
prove highly suitable for
able for a child with o

the particular circumst

and undoubtédly man
specially in growth and

tundamental plan of gr
tive safety of the uteru
foetal or newborn mouse

no antibodies 10 it) will co
a normal adult bone. Furth

the bone's environment, represente
the joints connecting it to other bon
makmo of linishing touches.

narche an average of 2 ‘months. apart; non-identical twin sisters an

" average of 10 niotiths apart: The comelation coefficient betweenage at:. .. - - €
smenarche of mother 2 and daughter is about.0.4, only slightly lower than -
jons for hewht These are indi¢ations that a high propot=

similar correl:
tion of the variability of age at menarche in populations living under
European condmons is due to genetical causes. The inheritance of age
at'menarche is probably transmitted as much by the father as by the
mother, and’is due not to a single gene; but t© many genes each of
small effect. This is the same pattern. of* mhentance as that shown by
height and other body measurements.

THE genetical control operates lhroughom:_the whole period of growth;
skeletal maturity shows a close corfespendence at all ages in identical
twins. The time of eruption of the teéth, both deciduous and permanent,
and also the sequence in which-teeth’caleify and erupt, is largely deter-
mined by heredity. Genes cont llmg‘gro\mh range all the way from
those atfecting rate of growth:of the whole body, probably through
endocrine mechanisms. o those bringing about.a highly localized growth
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gradient causing one tooth Jo erupt before another, or one ossnﬁcauon
centre in the wrist to appea® before another.

NOT all genes are active at birth. Some express themselves only in the
physiological surroundings provided by the later years of growth; their
effect is said to be 'age-limited'. This is the probable explanation of the
curve described by the correlations between measurements of a child ak
successive ages and his or her measurements as an adult, which have=
been obtained by long-term longitudinal studies. The correlation of
length at birth with adult height is very low, since birth length reflects
uterine conditions and not the child's genotype. The child's genes in-
creasingly make themselves felt and the correlation rises steeply during
r_tbgﬁr_stilegm but after this only-a small rise occurs until adoles-
cence. ence. It seems likely that the magnitude as well as the time of the spurt
is genetically controlled, perhaps by genes causing the secretion of
large or small amount so of androgenic hormones. Such genes may
produce no effect until the moment when androgen secretion begins.

Certainly, there is a considerable degree of independence between growth
before and growth at adolescence. -

growth Ve ocity can be seen. Growth in
n spring and growth in weight fastest in
ity of height from March to May is
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_both in the time when their seasonal trend reaches its peak, and in the -
degree 1o which they show a seasonal trend at all; in a considerable
number little evidence of any seasonal effect is seen. These differences 123
may reflect individual variation-irr endocrine reactivity. ;ﬁ 122 L
- >
NUTRITION Ly 121 | Social class
MALNUTRITION defays growth, as is shown from the effects of ¢J = 120 - 1,2
famine associated with war. In the graph given here, the leights and SE = 119 L 3 Non-manual
Weights of schdol children ip Stuttgart are plotted at each year of age g 8 118 k- 3 Manual
from 1911 to 1953. There is a uniform increase at all ages in both o = o o
measurements from 1920 to 1940, but in the latter years of the Second ~ @ 117 4
World War this trend is sha(ply_ reversed. :: g 1186
CHILDREN have great recuperative powers, provided the adverse con- lj—: © 5
ditions are not carried too far or continued too long. During a short (5
period of malnutrition the organism slows up its growth and waits for i
better times. When they afrive growth takes place unvsually fast untii T 1 .23 4+
the genetically determined growth curve is reached or approached once
more, and subsequently followed. During this catch-up’ phase, welght i . TOTAL CHILDREN IN FAMILY
and height and skeletal development seem to catch up at appr ; latively less sinceé the lower socio-economic class children have a
the same rate. i g - -
GIRLS appear to be better buffered than boys: ights of a national sample of 7-year-old children

curves, perhaps because the two X-chrg
latory forces than one X- and the smg
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dation in growth is a thou
years it has been clearly es
tional stress the growth h
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account for smaller vas
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IN STUDYING the effce
living on the poor diet a¥
the rare opportunity of ob
ment of one sister-in-charg|
was to give orphanage B a
period and to compare the g

ore favoured groups by
eraged B

Al are probably multlple.
1 the habits of regular

. Home conditions. are-
e economic conditions
zconsiderable degree the
inor illnesses such.as -
d middle-ear infection or"’
f growth in the great ma-
ay. have some effect on "
eater incidence of suchill-
sorganized families contrib-
ough this has not yet been ~
also play a.part. Babies whose
verage some 100 g ‘and-1 cm

unsupplemented, 6 months, they.gain

! L at the whole of childhood. The socio-
desplte aclually takmg ina measured

been getting somewhat less during the
arconditions have improved. In Sweden and-
disappeared. In all other countries investigated how-
the United States and the United Kingdom, -t stil} per--
administer W individual children pubhc ‘and oflen un]ushf ed e being seemingly dependent now more upon home conditions and
which upset «H present. An exception was the gronp of eight favourites ’ e ST

whom she-brought with her from orphanage A. These eight always  parents’ education than upon simple income.

"~gained more weight than the others; and on:being supplemented in B ..

- gained still faster. The effect on helgh was less than that on weight, . EVOLUT'ON ECOLOGY AND HUMAN

biit '6f the sartie iature.

.. GROWTH

SOCIO-ECONOMIC CLASS : SIZE OF FAMILY THE pattern of human growth is characterized by a pfolonged

Idhocd and™
CHILDREN from different SOClO-eCOHleC levels differ i in average perl%ggqfa_l_r%ﬁﬂiepenlderzcy awﬂﬂfg c’;h”dt 00 3 | a
bocly-size at all ages, the upper groupsalways being larger. In most rapid and large acceleration in growth velocity a a oles-

studjes socio-economic status has been defined according to the father's g?g%%i?dé?g toto geS'ga;c?::ntsfxuau ?t::”alg'? n. -erhﬁasse st:r?cl:tz
occupation, though in recent years it is. becoming clear that in many they Bravide - geous Ior out spec
countries this does not distinguish people's living standards or life- ey pravige -

style as ‘well as formerly; an index reﬂecnng housing conditions is J an extended period for brain development.

becoming a necessary adjunct, as ome measure of the child- > tima" %M@yon of technical skills, e.g. tool mak
centredness of the family budget. ing and fooed processing and

THE difference in height between chxldren of the professional and 3. time for socialization, play and the develooment of com-
managerial classes and those of"unskllled labgurers is currently about 2 plex social roles and cultural behaviour.

cm at 3 years, rising to 5 cm '\t' ﬂolcsqcnce n.‘wexghl the difference is

that distinguish, from ..........

he hieight deficit; though' smalli is-- +-
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assocxated factors like, body size, body |

tralnlng exercise, ang_adequate nutrition to E6L
_ergy_expenditure_during physical activily and genera

These statements are standard textbook rationalizations
for the value of the pattern of human growth, but they do
nol explain how that pattern of growth evolved, that is
they do not provide a causal mechanism for the evolu-
tion of human growth. Rather, these are tautological state-
ments, arguing for the benefits of the simultaneous pos-
session of brains that are large relative to body size,
complex technology, and cultural behavious. First
causes) may not be deduced from this type’ of circular
reasoning, but thé big brain-technology-culture -argument -
is uncritically accepted by many students of human evo-
lution.

4. Slow childhood growth and delayed maturation may have

' originally evolved as feeding adaptations. The addition
of fibrous, 'tough-to-chew' foods in the diets of our an-
cestors may have selected for a delay in molar tooth
eruption which allowed for efficient processing of these
foods throughout the life cycle. Delay in dental eruption
produced, as an indirect by product delays in growth
and maturation in other system of the body. — ——

competition with adults for fo
growing, small juveniles reqy]
ger adults.” Delayed maty
since it eliminated somg
between adults -and yd
nological, social and

6. Small body size of
tion lor lood resoy
Since adult are
dependent chil
younger offspri
est ot Juvemlet

7. The human

) neurgologlc_al
lows juveniles

also provide ¢

- subsistencé a
child-bearing thi
value of juvenil&
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The justification for a
tion of thé huma
some of the fossil

PEHFORMANCE in any sports event d

cal fitness. Lack of any one of Thesg would resultin relative

.. poor perfgrmiance Dy athieles -at_national and international
- W proper fecognition in the.sports world- -

we-must -adapt. certain basic steps that the advanced coun-:
tries are taklng to promote the sporis with the help of avallable" N

scientific technology. The quality physncal performance is di-
-rectiy T

¥V Tetated 16 various traits of boys and girls pertaining to’
ation,.composition

their body_size,. shape, proporti
and physique. Most of these traits are acquired through he-
redity but are affected by env:m_n_n_ﬁgwjuence It is also
true thatthe performance of a sportsman in any event is also
dependent%t’ﬁk‘tﬂrammg motivation, and_psychological
nature. Children differ significantly on these traits. Though the
participation in physical activity will fiot appreciably change

their maturity, body size and phys/lqne, these individual differ-

ences will ¢ greatly influence the influence their pl ysical performance. Thus,
these factors must be kept in-mind whliggudging_individuals'
potentialities for participation i phystcal actlvnty
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IT HAS been observed that training and other extragenetic
influences can change one'’s morphological status only within
the narrow limits set by his genotype (Tanner, 1964). Ttis diffi-
cult to change the Tapacity of the genotype in order to main-
tain altered level$ of different biochemical deferminants. Thus
“Ttis imperative t'Tay more emphasis on the genetically deter-
~mined morpho-physiclogical status of the individual.

NN N 1978 ROSS et al. described the importance of a new scien-

. lific spe specilization- Kmanthrogome ry, and its apghcatlon in
EEgrtW pomelry is defined as the study of human
Size, shapé, proportion, composition, maturation and gross
_tunction in arder fo help understand growth, exercise, perfor-
m,a_r)ge_aud_nutntlon (Ross et al. 1980). 1t pertains to the mea-
surement of man in d variety of morphclogical perspective, its
applicafion to movemenY and those factors which 1nfluence
movement including, various components of body build, body
dimensions, proportions, constitution, shage and maturation,
TDQtQL_ibJJItIes cardio-espiratory capacities, physical ac vi-
mcludm sporls performance. Kinan-thropometry a com-
VE roach {0 assess an individuals' physique.

esult of adaptation processes
ording to Sodhi and Sidhu
e and form of an individual,
e internal structure and
hced by the environmen-
e, visible phenotype of
raction of environmen-
ipe. With the progres-
n physigue undergo
thood these changes

m,we_e_mnstnu_
PTOSOME (thinand

on. the basis of
eings.. -

imensions to classﬂy
categones “of phy-

mbs compared to the'
1o the abdomen, and

onstttutes of those individuals who
ongitype and Brachitype catégories. -

' ategory includes those individuals who

body, i.e. they ‘may’ be brachxtype in..one part,
longitype in the other and normotype in yet another part
of the body

 SHELDON et af (1040) suééesstuly devised & mT__se‘hOd 0.
. .analyse’ and_quantify \human body form.and cal ed 2 '-

Somatolyping. Accordmg ‘to " them

.. morphophenotypic - ranges along constég_t—b/: recognlzable
" - Charactenstics_and. .gre -1he funciional end . products of )

whole genetic and developmental complex.” The Somato

is al a sort of identification tag to an ina
vidual and may be regarMpt—towar s general
human taxonomy or classification. Sheldon recognised three

basic components of physique, viz ‘WcTrﬁﬁT‘p‘hy_mesomor
_h___,_J)O_ L aatluul

phy and ectornorphy. Each individual ying degrees ©
developm Se three components. The somatotype is

always written in three n @ first indicating the dever
" opment of endomor iphy, the second the mesomorphy, and the
third representing the ectomorphy. -

SHELDON'S observations were based upon 4000 undergradu

aracteristics of different types in different parts’ o




ate male students in the age range of 16 to 20 years Photo-

“graphs of front, back and side views of the nude®subjects
were taken at a standard distance, using a long focus lens
(9% inchés) by rotating the subject on a revolving pedestal
constructed to move between stops placed at intervals of 80
degrees. For the purpose of morphological observations
Sheldon divided the body components into five areas :

1. Head face and neck, “
2. Thoracic trunk

3. Arms, shoulders and hands

4. Abdominal trunk, and

5. Legs and feet.

HE FURTHER arranged the photographs of 4000 subjects in
fiftteen ascending series in:order to ascertain the range of
variation of each component.in each of the five body areas.
Each series was based upon a continuous gradation of the
estimated vaiue ol- one component in one bodily region,

® @@
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for each component in each region was used by
ing the mid-point of each range and subdivid
equal intervals on either side of the mid-p
By ponent in every series was scored frory

totype of the subject was determinggd
@ of each of the three components.i

Each somatotype was thus repeg

bination, Le. 711 as Extreme &f
% somorph and 117 as Extremg,
&

i

BRIEF description of the g
under:

\_Efidomorphy
gdness of the body and
=bs are relatively mg
“the extremities, abdo
contours, hands and:

esomorp
sturdingss of the m
developed limb mu
lies relatively more §
thorax which-predor
post‘enor diameter of

S \io@morphy
7 muscles\dnd thin ske
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CRITICAL EVALUATI
METHOD ‘OF SOMATO!
1. This.is a subjective meth

different somatotypes to th
to rate at two different time in

2. This method has been developed.on
* limited age-rangé, i.¢:16 10 20 years, an
" -does not lnclude complete variations in human p

3. This method is applicable only on- males as somato

ey

not-known:
-This. systemis: based on the concept that the phy

death and is unaltered by environmental factors. But
with in crease in age certgin ¢hanges in the body
build do take place.

5. The overall body size and we}ghi-of the subject is not
involved in the assignment of the somatotype.

&3 DESPITE these shortcomings, Sheldon's method of
somatotyping is a useful technlque‘ -
HEATH-CARTER METHOI
SOMATOTYPING

AFTER Sheldon's method g sOmé_iotypinQ many attempts were

through picture-to-picture comparison. A seven point scale
S

types of females as weH as of other ethmc groups are . '

sique of an'individual does not change from birth to R
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made to further simplify the-technique using anthropometic
measurements (Cureton, 1951; Parnell, 1954, Damon et al,,
1962) but they could not gain much importance. Heath (1963}
critically examined the shortcomings of Sheldon's method and
came out with certain modifications and.later, in collaboration
with Carter, gave her own method of somatotyping in 1967,
Heath and Carter Methed of Somatotyping. This method dif-
fers from Sheldon's method in the sense that it evaluates the:
physique at the given time compared to the unchanging so-
matotype of Sheldon. The ratings of the three primary compo-
nents of physique are assigned as the basis of following an-
thropometric measurements :

1. Height, (2) Body weight, (3) Triceps skinfold, (4} .
Sub-scapular skinfold, (5) Supraspinale skinfold, (6) Calf
skinfold, (7) Humerus biepicondylar diameter, (8) Femur
biepicondylar diameter, (9) mid-upperarm circumference, and
(10) Calt circumference.

ACCORDING to Heath and Carter (1967), and Carter (1975) a
atolype |s a descnptzon of the present morphological con-

s, expressed in three numeral rating (consisting
numerals). Each numeral represents the -
ary components of physique which
ions in human morphology and com-

atings are evaluaticns of
ontinuum from the lowest

thar-phy) : REFERS to
er unit of height The

huum from |owest to’
component can be

)+ REFERS to rela.
third component rat-

f ratios and third com-
At the low ends of their

note elongation or lin-
omorphy ratings evaluate
distribution of the firstand

tihe particular time of assessment
ge.

{TION OF HEATH CAHTER

: ‘ANTHROPOMETRIC SOMATOTYPE MEFHOD

- 1. The-most important aspect of this:method is IIS—Ob]eCiN_

- surements taken. Different raters would arrive at-the same
sofiatotypé of-any individual.

2. It is an excellent tool to explore spatlal temporal varia~

~. . tions in human body form. _ _
3.1t is an easy, accurate and efficient melhod of' o

Somatotyplng =
4. This method is workable both in the field as'well as labo-
ratory.
5. Females: can also be subjected to this method, and
© somatotyped. |

\

* K K K K

o height.-The-Lean. ...

height/cube root of -+ - - -

ortness ‘of the several -,

type ratlngs are phenotyplcaly, e, . .

ity The-results are.dependent-on.the acCuracy -of-mea- . -.:
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CONCEPT &SCOPE

LIVING beings, in general, have the in-built capacity to adapt
themselves {o the environment and it is_well demonstrated
through the concepts of variation and n lection. How-
SYer; mary Species are capable of amending their micro-en-
vironment suitable to their survival. Birds, for example, make
nests andmany mammals make burrows. But, human beings

are the only ones who can significantly change theif_micro as _

well as macro-environment through the capacity for, what we
call, culture. -

ECOLOGY

ECOLOGY refers to the study of interaction between living:p
their natural environment. In Human Ecology, M
The capacity of a species to chaiige itself to
. Mws_zﬂ_ammhty The te

applied to the biological responses ¥

individual or group in a specific eng

unction of an

and, being an interdiscigy

SOCIAL logy fo

.the studies.on.anim
in that period, he.in

v natural environment
. ‘}urannsmutlons of a

the amalgamation of
veloped Cultural Eco
phasis is on the regula
tures and values which

ticular natural environmen

“with' pi'e literate ahd traditiona
studying the et?ecls of variation:
. population sizes, ana external inlr

/.. VOLUTIONARY Eclglgyan approac
R E ps the ndividual who € unit of study and
ion. Here, the models pieviously validatéd ‘on other

" - “species are applied to individual humans. Proponents of evo-
: Iut/onary ecology including. Adam Smith believe .that-it -can-
" hélp to clatify human béhaviour’ including (i) why: people- use
".....specific.behaviours for: obtaining food; (ii). why-they. develop.

various rnating pract/ces (iii} why they distributs thémselves
over space in different manners, and (iv) why they differ in

such interrelated characteristics as population dynam/cs andf‘_' _

community structure.

A NUMBER of hypotheses have been formulated by
Winterhalder and other evolutionary ecologlsts for testing vari-
ous models, However, the major emphasis has been on the
behaviour related to acquisition of food. -

BIOLOGICAL HUMAN ECOLOGY

UNLIKE the behavioural lnterests_of volutionary ecologists,
Biological human Ecology stresses ‘on‘the eifects of environ-
ments — man made or natural — on “the biological traits of

Ao"“.fi 2 7
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HUMAN ECOLOGY

N
%

human populations. As biological anthro-pologists are derived
from various scientific streams, there has not-developed any -
standard set of assumptions _or approaches. However, one

assumption: accepted by one and all is that during the course

of evolution, selection resulted in survival and $pread of cer=-— - -

tain Traits which proved essential for the evolution fo our own
species.

BEFORE the advent of biglggical human_ecology scientists
(including physnologlsts and epidemiologists) assumed causal
relationships for various happenings considering them a jQJ_—
cable universally — totally ignoring the impact of diversities in
cultures Though theoretical postulates and traditional defini-

»ons of physiology have still to contribute much to_such stud-

L. other phys:ea%aﬁd—ﬂatuhl seiences-have added to_

subject in recent years.

. _a more compre-hensive approach to
ave adapted to their particular envi-
his paradigm emphasizes that a -
e to an environmental stress is
Banisms, _including learned re-
jcal adjustment_capabilities
ecific_ genetic charagter-

selection (Baker 1990).

—

& | Baker is considered Ihe father of Biological Ecology and on |
%I the basis of prolect in Andes wrote a volume: "Mar in the L
Andes (1976); '

-] Biological Programme Gt IBP) througﬁ which he conducted . -
The sludies of the effects of various natural stresses on hu- | .
man populations the world over. IBP pubhshed several vol- H_
uimes; the most netable being*The Biology of Human Adapt-
ability (popularly known as IBP-91by Weiner & Lourie. This h
volume enlists the ideal Conditions for conducting studies |
on human adaptability. To study the effect of environment, |
heredity must be kept constant. Therefore, the effect of a
-natural stress must be studied on a mW— |
eous population, - |
Fexample:: To study the impact of altitude we should | -~ -
: pulation with two_components, one. | e
permanently living at hlgh altitude: (HAN) and ong perma- I -
nently Ii t low, (LAN). Again in recent times, a

pan of HAN might-have migrated. down (HAM) & similarly a |
pan of LAN might have mlgrated up (LAM)

|

HAN LAM |

$ o N N

= HAM LAN I

|:_Comparatlve study of these:four sections of population}

1..Should ideally help in the understandxng of impact of altitude.|

“In prattice; we ‘566 people moving-down quité frequently;
| but people migrate up very rarelly. Therefore, these are onlyl

| ideal conditions” which' are rarely met and hence the] .
| conclilsions drawn from adaptablllty studies” lhoughl ’
L convincing are only tentative.

HUMAN ADAPTABILITY lﬁ,f- -

AS SAID earlier, the diversity in the background, goals and
approaches of researchers has been a major impediment in
evolving a common focus and set of theories in humén ecol-
ogy. It is, however, commonly felt that ultimately the effects of
natural and cultural environment (ignoring chance and super-
natural effects) should be the key to the explanation for our

o o~ w’jﬁ)bh '

o
AT o

“Thereafter, ‘he’ took up an mternatlonal pro;ect {Internationat 1
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= functioning and behaviour. With common perspective and in-

‘creasing research data, human ecology may, in the long run,
evolve into a unified sub-discipline of Anthropelogy.

-\//HEALISING that natural and cultural environment does affect

biological traits individually (e.g. effect of radiation on skin
and body) and specifically (e.g. resistance to cold), as aiso
that changes in culture with foliowing siress and strain do
affect human ‘bedy whereby humans — individually and col-
lectively — kelep adapting to the changing environments, the

-~ field-of -human ecology is noew more often known as Human
Adaptability.

FORMULATING Research Designs in the study of human
adaptability is not an easy task because we need at least two
individuals or groups of a sociely who vary only .in one trait
under study. To understand the effects of high attitude hy-
poxia, for example, we need two groups with identical cultural
attributes and social preferences, but differing only in the alti-
tude of their habitations. As getting such ideal setting is al-

lew humidity and refatively high atmospheric pressure.

ADAPTATION TO HEAT X
A HOMEOSTATIC system is the one that tries to maintain al-
most constant temperature. Human body tends to maintain its,
temperature at ab@f_@é"C_acha_tlbi_s,_(gormai) temperature it
works quite efficiently. Howaver, because of a number of fac-
tors including age, sex, n&Tire of physical activity. weather,”
time of the day etc., this normal temperature keeps fluctuating.
Young aduilts in resting period, for example (with oniy basic
metabolic activities being perforfned) may have about_30°C
as the normal temperatu@_gmﬂj%d_trlgre is not much heat

loss to the surroundings (due to cold weather).

THE rise in body temperature in ordinary circumstances im-
pairs activity and a rise of 4-5°C from_the normal can cause
permanent damage to any bady system or even death. The
temperature can be brought back to normal through continu-
‘ous heat loss to the surroundings. This can be possible only if

_ _most impossible (and we can not subject humans to delibe
ate experimental situations}, the conclusions d
studies can, at the best, be taken as ten
sub-discipline of human Adaptability,
means to identify the quantum o
caused by the inhereni difficul
ideal situations.

ssugraundings' temperature is less than body temperature. The
gt heat loss following Baker (1990) is as follows :

mans number_over_a million with minor .
pt populations, Researches have sug-
Yare activated during childhood. if a
jividual rises there is first a-
a rise in heart rate which
faces. The consequent
ases the rate of heat
the air temperature
With a further in-
cans of eccrine
ature through its
mary mechanism
ocalized setting
Jication of heat.

TODAY science has de
through which living
ing time durations. B
and the survival of.
..depends on their p
stress in a number &
~ radiation, nutrition etg
adapted themselves!
MANY mammals tod
can ddapt themselve
P early primates develd
. . primates have.not dewve
environments. it was
cause of his knowled
erstwhile hostile extreme
wise, it is generally. believe
-+ took place in the areas whic
 *comparative cooler nights; hig

2.5

at lolerance for -him
¢ developed”among
ring childhood. -
zatton. In extreme hot
may excrete upto 4 ts/
Its/hour. - In such condi-
e period excretes, on an’
owever, depends not only
perature, but also on radia-
Hesert and savanna conditions
t extreme hot but humid condi-
hores, don't promote the evap:
e funiction of sweat glands. Body fat

)
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MAXIMUM effect of sweatir_1§_‘.can > Tiad only after heat acclimatization. Regular exposure to heat stabilizes sweating at
rate compared to a freshly.exposed one. Strain on heart activity is afso reduced considerably. Baker & Weiner (19"
shown the relation betweefheat acclimati-zation and physiologicat responses througk the following graphs.
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‘REST HOURS

A RESEARCH report by Bak
between radiation load,
follows (see fig.) : '
THERE exists a consid
pending on the age,
body. In maost of the
ment of sweat glands
fore, 'they do not ha

alr temperature incr
the case with incre
{1973) cencludes thg
radiation foad may
ity. C
CHILDREN in genera

among mfgnt\s while it
people have ‘this ratio
crease the' per unit sur
individuals, this ratio may B

therefore, have' 19

ance in the situation mentioned
ous region too may have importal
ance. A study conducted on America
ond World War shows. that "'men 10 pel
weight for height had- death rates nine times o
percent below avérage: weight for height. -

IN THE areas with high relative humidity (hot'Hur‘nid ‘areas) -
sweat evaporation takes place very- slowly and thls _affects the‘ .

heal tolerance.

. .PUPULAT!OI\ differences: keepmg above cnted factors do ex:.

st and broad generalizations can be made depending on
pec_)p!es' natural environments and their working conditions.

However, with increasing acclimatization to a particular. envi-

ronment, these population and lndmdua| dlfferences tend to
merge.

ADAPTATION TO COLD

IN GENERAL, human beings possess a large body mass com-
pared 1o the surtace area. But probably our tropical origins
and latter adaptation to colde ronments has stifl remained
a legacy. Humans' adaptgiion fo-hdstile cold conditions is
much less than thal of the-arctic an rTTals One reason may be
thal suich animals have a thick coal of fir or hair while human

REST HOURS

g5 core tempg

HOURS _
anisms except for the layer

tmospheric temperature
s of body heat to the
an body responds in

the arterials below

nstrictive response
neutral range in-air

onse most people will
y huddling, which re-
by voluntary muscolar
on. : :

mvoluntary muscle con-

ove basal Voluntary activity, such.
gat production much more, but the
ich voluntary -activity -at- higher- meta- -
e mamtauned to prevent further dechnes in
s limited.. ’

BCUTANEO S fat plays quite a sugnmcant roIe in cold tol-

erance. Ordmanly a dip-of 3-42C in temperature from the nor-
.mal_core temperature can result in- 1553 of mental alertness
““and ‘anothér further 'dip of 3:4°C - may Tesult in Unconscious:
- .. ness;. but the_individuals- can-recoyer witheut any- permanent; o
darnage to the tissues. Individuals with sngnlflcant ‘amounts of -

subcutaneous fat may not be affected much under conditions
mentioned above. Normal fit young adults can survive at low
temperatures with low wind speed for several hours because
they, can generate enough heat through physical exercise.

COMPARED to heat tolerance, tolerance to cold is much less
and much varied among human populations. Early man, as
also present day hunter-gatherers, have defied the effects of
cold by the use of fire because of which humans can survive
even without clothing. Clothing, however, has done a great
favour to humans and now humans, through highly evolved
scientific apparatus and cIothlng can bear temperaturas quite
below the freezing pomt

ividuals with very




I HA@ has shown that age and sex do have a bear-
"ing on susceptibility to and tolerance of cold, Through his
study of ﬁﬁ’ﬂé%g’@m Indians of Peru (see graph below),
she has demonstrated that children have the least tolerance
to cold probably because of the early-age disability in terms

J ot skin-fold thickness and less neurological development
K amony infants that continues in childhood too.

AS A CONSEQUENCE, their core body temperature‘falls very
quickly in the 'early phase of sleep and remains fairly conslant
under the conditions of basal metabolism. :

+~BCDY weight as a function of total body mass (where subcu-

taneous tissue is the most important factor) too has a signifi-
f2 cant bearing on cold tolerance. For individuals with _same
height, heavier ones can tolerale mucti colder environment

& by maintaining better core lemperature through the insulation

= provided by subculanéous fat

@, SEX différences are also discernible for cold tolerance. Women
in general are shorter than their men and they also have shorter

ey limbs, and consequently, less "consequently, less surface area per unit bod

T But thickness of subcutaneous fal is significany
_them, and therefare, they_arﬂﬁxpected to,

perature. Hmunder experimenjg
cal exercise in cold environment
pear significant.

o _—~A NUMBER of comparative
ferent populations have begl
variations in tolerance to ¢d

% Blacks v/s US Whites) arg
N ans v/s Whites) did not
& studies; Scholander e

Hart et al (1962, Inuit

8 v/s Whites) and Bake;
= found significant di
- between the popula
_hibiting lower skin t
cluding Ris own on,A
(as the human evo

areas). populations ij&

@ genatic adaptation 18
have been lost in pop
25

ADAPTATION TO3

THERE exists an inver
and ‘atmospheric pressur
the other. This can well B
L ‘-:p}ane The flightcaptainke:
e the plane i flying: as also:4he;
IN THE high aftitude (2500 mts o
level), .the most.important stréss fat
~whereby-partial pressure of-oxygen ge
. As a consequence, the amount of oxygen a
. " air, to run the vital body systemsi is hlghly red
N “-great physiclogical stress; - : ‘

LITTLE ‘& Morren (1979) have demonstrated that the hypoxuc

-, conditions start affecting-at-abost 2808-mis-above sea levet

and " at: 4000 ‘mis' the amount of oxygén available to' blood is

r._.r,.',sngnmcantlv low.-Low altitude. pepple visiting high altitude ar-
“eas, therefcre; 'on Tedching high-altiftide areas” immediately -

experience increase in the rate of breathing as also faster

heart rate. This, to an extent, helps in seeking more oxygen

acclimatized and the body starts funt:nomng in a normal man-
ner.

A NUMBER of studies on the eﬂecls of high altitude hypoxua
have been undertaken particularly under the international. Bio-
logical Programme. The noteworthy. finding of these studies is
that the low altitude natives-migkating to high altitude adapt
themselves to the stress by less: consumption of oxygen—

. m 'advanta'
QO -

. wcarnivores,:but this-may not necessarily-be. thé case. This js

fromn the environment. However after 'a few days, they get -
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vian sailors (Velasquez, 1964—19.5%), English mouyntain-
climbers (Pugh, 1958—20.6%) and US White athletes (Reeves
et al, 1967—25.1% & Buskirk et al 1967—27.2%) too experi-
ence SIgnmcant reduction in the total oxygen consumption.
This decrease in oxygen censumption capacity has a bearmg
on the work capacity of the individuals. Studies have shown"
that even a stay upto 1 year does not bring any significant
improvement in the work capacity but a much longer stay of
over 5 years does make a noteworthy change. Contrarily, when

.....these migrants come back to their ongmal low-altitude level

their total oxygen consumption capacity rises.

HOWEVER, high altitude natives do not experience any such
increase. A number of studies have been carried out on high
altitude natives but inferences derived and conclusion drawn
from these studies are not consistent.

IN THE project study titled "Man in the Andes”, high aititude
South American Andean cRildren have béen known 1o have
low Tate of physical growth particularly during infancy and
nce. I"‘,Tla while the résults of studies in the Tien
iains- of CIS are in line with those of the Andes,
Ngaal (Pawson 1974) do not differ much
a-vis their fow-altitude counterparis.
hihe other hand exhibit a faster-growth
the studies on highland popula-
ith their lowland counterparts,
heciied the reasons for such
timating the effects of high
ental and genetic factors.

ker (1990) has already re-

d appear well adapted ‘
lat temporary so_loum— .
rhaps a- permanent
m acclimatizational

necessary for people
ations. As the graph
ost of the people

her altitude regions

AL STRESS

ecies in general can be
uctivores), carnivores and -
onvert radiant erergy -into
d. do) herblvores -are at_an.
e'mass of convertible: eriergy.™
es, on the other hand, have much:
le to them. Yet, general carnivores
1= ormto‘herblvores sSurviving on spe-
or living in pamcular econiches because

ailable to them is much arger as they can tap
re energy for survival.

ITH above mentioned facts it may be easy to conclude that
~ omnivores (e.g. human beings} should be at a considerable. .
advaniage because they can benefit from both h_g_rplygms_and

el

so because human beings can utilize only a ‘part-of the' én
*: ergy available and that 100 in the forms of convertible human .
i types of nutrients viz. proteins; hplds carbohydrates etc. .

./THE concept of basal metabolism is vital_in under-standlng
human energy needs. It is the amount of energy required by
someone in complete rest and that is essentiat for smooth
functioning of vital body organs. This amount of energy varies
with the physiological conditions and is significantly higher
during growth period as also for pregnant women and lactat-
ing mothers. This amount varies from about 36 kcal/hr in young

% Baker (1969) Has observed a decrease.of 24.4% and 9.7% children to about 78 kcal/hr in average sized adult male tc
res peczlveiy among‘ws W "rtes and duechua Indians. Peru- about 95 kcalfhr in lactating mothers. In other words, the range
) c l'f ‘ of basal energy requirement per day varies from about 80C
E «
\/v / k_j N
AN }t"
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pears that either-de-........... ...

matha) are likely in. -+ %0 -




PRRVERY

FRCOM the table it is
~of an individual mayg
‘Nutrient

: Carbohydrates i

. AS DIFFERENT. popul

“daily energy requirement

kcal/day to about 2300 kcal/day. These reqmrements also
‘vary because of hot or cold stress because in either case
there is a loss of energy from the body to the surroundings.

"THE energy needs vary more dramatically during activity pe-

riod. The total energy requirements of an individual for a day
are much more than the basal requirements because spend-
ing of energy depends on the type of activity undertaken. Leslie
et al have calculated the energy requirements for various types
of activities as follows : .~

Level Costabove Example
BMR of activity
(kcallkgfhr)*
1. Resting 0.00 Lying still
2. Sittingl  0.25 Sitting quietly
3. Standing 1 0.50 Stand—ing ‘at ea
<4, Sitting 2 1.00  Sewing, we
© 5. Standing 2 1.50 :
<6, Walking I 2.50
7. Walking 2 3.50
8. Heavy
9. Very heavy
10. Extreme

Protein

LIpldS

ments and they also di
body size etc., it is im
exist-considerable pop

ergy requiréments. ‘of

All male™
Al fernale -
s Adult male-

“{Thomas 1973}
Kaul (Norgan -
etal. 1974y

V‘Adult female -
Lufa (Norgan L Adult male
et al. 1974) Adult female
IKung (Lee Juvenile male

Juvenile female
" Adult male
- Adult female

r_+_______——f
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peopled by large body sized populations, these surveys over-
estimated the requirements of populations living in other ar-
eas of the world. Accordingly, Leslie et al have revnsed these
estimates which are more representative. )

PRIOR et al (1981) have shown that different populations
have adapted to varied requirements of various nutrients. Inuit
Eskimo derive their high energy content from animal fats but
Polynesians do the same from vegetable fats of coconuts.
Vegetarians in general consume much less protein while meat-
eaters consume diet rich in proteins. Some populations of
New Guinea survive on a diet with merely 4% protein content.

Standard Recommended intake by
Oxford Nutrition Survey

Nutrient Daily Requirement
Total Energy © 3010kcal
Intake - -
- 72 gms
36 gms
432 gms

102 gms

n to have fairly nutri-
Quite diversified foods
g-about one-third of the
pngongo nuts (over 25%)
It is quite a balanced diet
m July-August 1964 i.e. at
{ Ihelr culture

, e
PO CERh iigagst oo Lo
1830 © 2146 2350 g
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