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The process and mechanism of ongmin of universe and the

origin of living forms is of always a matter of enguiry for man. Hence
there are always speculatons regarding these issues from non-

acientific as well as scientific point of views, Though many of us see it
as contradective matter from the rehpous poant of view, the human

interest is never ending till the exploration of truth. Without the
understandmg of physies, chemistry and mathematics, the baokogy
cannot alone explore the reality and truth.

EVOLUTION

(Latin évaldtidn-, "unfolding™ or “emergence from an enclosing
structure, histoncal development,”)

Broadly speaking, evolution 8 a process of gradual changes
and development of something such as earth, solar system, hving

things and living organtams etec. In Biology, the term evolutlon refers
to a process of development of an enfity n the course of time through

gradual sequence of changes from simple to complex form. For
instance, nne might ask which s more pomative, plants or anrmals?

Through the study of living organisms, the answer may be
hypothesized.

24.1 THE EVOLUTION OF THE CONCEFTS OF EVOLUTION

The great diversity among Iving organisms arcund us made
the human to think aboul their origin. Whether it is through their

creation or origin from one another, there are two schools of
thoughts, One of the schoals of thoughts believes in Divine Creation

while the other in ongin through simple to complex forms.,

Theory of speclal creation

The theory of special creation believes that living entities are
created by Ceod. They were created either at the same Bime or at some

intervals. However, the specics do not have any inter-relationship
withh mach other fmom the nriﬂ'n: poant of view, They were created 1n
the same formm as present today so are supposed o be fted and
immutable, Father Suarez [15458-1613) was one of the advocates o

Creationism. Carolus Linnaeus (1T07-1778), a Swedish Botanist,
whn wrote number of books describing nature and 15 best known for
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his greatl scientithc work on taxonomy, Inifially, he was also believer

of the foaty of apecies,

Theory of Evolution

In contrast o the theory of special creation, the theory of
evolution believes thal organisms are evalved through gradual

process of changes from simple to complex forms during the Course
of time. Thus plants and anrmals have developed in contimoous,

ordecly way, under the guidance of natural laws.

Ceorge Buffon (1739-1788) was the first to implement
the geological time scale and developed the idea that living beings

evolved constantly. This concept of evolution of living organisms

contradicts clearly with the compcept of Divine Creation, Gradually, @
nurmber of evolutionary baalogests contributed (o this concep! which

secmed to be stnictly opposing the theory of special creation. The
opposition became extremely stmong regarding the @valution of man.

From the rellgious point of view, It was never acceptable; azs The Haoly

Book, The Curan says very clearly in many surahs that Allah has
created man so how | can evalve. Foar instance, some of the references

can gquote as follows:
“And We hare certainly crealied you, (O Nankind], and given you

fhumar| form.™
|Surah Al Aaraf-11})

“And menloon, O Miahammad), dohen pour Lord sadd [0 [he
arngels, *I will create a Ruman being oult of clay from an altered
Black mud. ™
ISurah-=tl=-Hijp=2 81
“And if 8 ¢ who tas credaied __|'-|"I3l""l W der & Numan Bedng and
miade him fa relative byl lineage and marrage. And gver i3 yor
Lord competernt [concerning creation/”
[Surahi=tul=Furngen=544|
““And of His signs is that He created you from dust; then,
suddenly yoi were human beings dispersing throughout the
eardh.
surah Alroorm-20
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24 .2 EVIDENCES OF EVOLUTION

From molecular level to the gross stmacture of an orgamsm, the

procese of evalution 18 supported through evidences from following
different disciptines of Baologoy.

Evidence from Biogeography

The distnbution of different species on earth provides evidence
of evolution and it correlates the variations of a species and the
movement of continents acmss the globe via plate tectonics. Let's

take the example of pouched mammals [(marsuplals) such as
kangamos and koala found in Amenca, Australia and New Guainea.

Currently, the zaid geographical locations are separated froin each
other by Pacfic Ocean. This makes impossible lor said mammals to

gwim through such large digtance. 5o how could end up in these
locations and nowhere 1o between. It may be answered by the past

continental pogitions and the fossil record of these mammals,
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Fig. 4.1 Evidence from blopeoagraphy fe.g.. Pouched mammals)

The scientisis eleve 1That that the exasting continenls were
once A single peece of land termed as Pangaea, Stowly and pradaally,
it broke into different larpe pieces of land masses which started
separating fmm each other. Thus, marsupials did ot need a

migration route, rather they rode through the continent to their
current posittions and diversified themselves
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Evidence from Paleontology
Paleontology deals with the extinct forms of life which are

studied through foessils, Dunng the course of ome, those organisms
were preserved somehow, partly or completely, Through such

remains, the paleontoloEists try o reconstruct them. Let's take the
example of Archasopteryx, a fossi] of a ord being discoveresd tn 1BGl
in Bavaria, Germany. [t i being estimated that Archasopteryx lived

around 150 milhion years ago. A carchul study of thas fossill revealed
that it showed mixed features of birds as well as reptiles. Just like

birds, it has a beak, wings, a tail, and body covered with feathers.
However, Like rephiles, it showed teeth, hingers and claws m bore
limbs, vertebrae in tall and keel-less sternum. The presence of mixed

features suggestive of the fact, that some of the ancestral reptiles
were turned into early birds which later completely lost the reptilian

features and transformed inte modern birds

Wing claw
{reptilian characier)

MmNy Yerierae
{reptilan characier)

Fig. 24.2 Evidemor of evaluticon from Palsontology ie. g, Archarapteryxl




termed s convergent evolution.

Evidence from comparative anatomy (homology|

[fferent species may show a number of internal or external
organs similar to each other or vice versa they may exhibit vizslbly
different structures bul invalved in the same [unctions. Organs
which are similar in stracture bhut differ in funchon are fermed as

homologous organs. For cxample, Arm of man, flippers of dolphin,
fore-limb of & horse and wings of bat are homologous to each other.
All of these mammaban organs show mtermally that the skelegal

planz are same intermally ke same number and arrengement of
bones, pentadactyl hand, ete. sugpesting 4 common origin, However,
they differ 1in flunction as per requirement of the habatat and other
features. Brologically, thes s termed as divergent evoluotion =since
the two or more sgpecies share common ancestry. Il species
descended Fom common ancestors, homologies make sense but il all
species onginated separately, it s difficult to understand why they

should share homologous similarities, Without evolution nothing
forcing the tetrapads all to have pentadactyl Lhinbs.
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Fig:. &%..5 Evidence of svalation fram |1l|:ll-'l1l'.l|l:lﬂl'|lll'l- OTENTS

On the other hand some species show organs with similar in
fundtion but difler in their anatomical features. Such organs are

known as analogous organs. For example, wings of an insect, bat
and birds both are invelved in flying however they have no
anatomical resemblandces. That shows different ancesiry. This 1S
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Fig,. 24.% Evidence from analogons argans

Evidence [rom molecualar biology o

Molecular bilogy 15 concerned with the study of molecules of -y
cell and its organelles. 1t does provide evidence s lavour of evolulion. d
For esmmple, genetic code may b considersd 1in this case as pood

example. The tranglation between base triplets in the DNA and amino o
acicds i protemns 15 o amiversal in all lwving orgamisms. [E can be k

confirmed by isolating mBENA for hemoglobin from a mammal and
imjecting it inte bacterium E. coli which normally does not have
hemoglobin, But when injected proper mENA, it starts producing
mammalian hemoglebin. Thus, it iz evident that the machinery fos
decoding the message must thersfore be common to mammal and E.

cli,

A very good example in Bvour of evolution being observed in

antibiotic rezsistance developed by pathopenic bactena. I they do not
adapt the lethal effect of the antibiotics, they would have been extinct

53 A5 & protection, pathogenic bacteria heve o develop resistance
againat them through the process of natural selection. They undergo
appropriate mutations i ther genes to cope with the eJects of

antibiotics. This, on the other hand has put the pharmaccutical
comipanees o a constant chalienge to develop and improve the new

arvd much efective, wide spectrum as well as specthc antibiotics,
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Z24.3. EVOLUTION OF EDEARYOTES FREOM PROEARYOTES
Sclentists agree on the fact that our planet earth was once

covered with water {marine}. Gredually, durnng the course of billions
of wears, the water receded and the land beneath appeared, So the

life forms ongnated in water, espectally in hot springs called
hydrothermal vents. It iz mentionsd in The Heoly Curan (sura Al-
Anbrem, 2130}

“And We made every form of lyfe fon earth) appéar from

unzfer, s0 do they not beliepe feven after being auxire of theze
facts mention in the Curan)™

[t 15 assumed that the vents supphed the energy and maw
material for the origin and survival of early forms of life. It i3 now

known that a group of bactena farchacbacteria) can tolerate the
extremes temperature of the hydrothermal vents, Such organsms

were having a metaboliam of catabolic in nabure 10 obtain energy of

the complex compound present around them. With the gradual

depletwon of the complex energy nch compounds 10 the environment,

5 '-‘ there became a greal need of developing mechanisms lor anabsalic
F'-q == activitica of their own. As a consequence, the evolving bacteria
| explored new ways of source of energy for their survival, This
aceounts for the existence of different ways of respiratory
r I mechaniams oorrelated with existing diversity of nutritive methods

amang them. Thus some of the heterotrophic bacteria transformed
mbto autoftrophic ones, Instrally, the autotrophs had to depend dpson

simple lhorganic substances which gave mse sulphur-bacteria amd

Iron-bacteria.
sinceE the amount of the SIVETEY obtained was very small as

compared o thelr regquirements so there developed need to evolve
much more efficient ways such &s photosynthesia. This account for
the gradual accumulation of oxygen mn the environment to be |ater
consumed by other orgamisms. It 15 belisved that the prokaryvoltes
may have arisen more than 1.5 billion years apo. Following are two
different hypotheses regarding the evolution of sukarvotic cells

i) Membrane invagination Theory

It suggests that the cell membrane of prokarvotic cells
mnvaginated to enclose the genetss matenal, This accounts bor the
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development of true nucleus while the other portions enclosed other
necessary materials o transform into dilflerent organelles,

i) Endosymbiotic Theory

It was sugpested by Lynn Marguhs, According to this
hypothesis, the eukaryvotic cell might have evolved when a large
anacrobic amoeboid prokarvote ingested some aerobic bacteria

imitochondna) and rather than digesting started living with 1t in
endosymnotic relationship. Likewnss, some of such sukaryohc cell,

ehdocyviosed autotrophic photosynthetic bactena and transforpmed
into ancestral autotrophic plant like organism.

The endosymbiotic theory seems more powerful in dealing with
the evalution of eukaryotes since both mitochondna and chioroplast
have following similar features like prokaryotes:

Flgure: 4.5 Endasymbigtls Theory

L] Circular DNA molecules

11} Fibosomes

ni]  Metabolism

1V Binary lission way of reproduction.

& . @




R o
Erslinioem

Primitive eukaryotes lhhved singly but later forms arose n the

form of colonies also which account for the multicellularty, tizsue
and higher levels o organization, & among the eukaryotes whech
ultimately led towards the evolution of higher organisms hke plants
and animals.

24 4 LAMARCHISM
Jean Baptiste dée Lamarck or simply known as Lamarck, a

Fremch biodogist (1 744-1839)] was one of the proponents to the idea of
evolution. He like many others of that era believed that evolution has
taken place in accordance with the natural laws. His theory 15 knowmn

as Lamarckism or Inheritance of Acquired Characters. He discuessed
m detail s theory of evalution in his book Phalpsophoe Zoolodgegee 110

French in 180%, In view of Lamarck, the process of evolution 1 ke &
ladder of life proceeding [rom simple to the complex level of
organisms with view of modihication of characters of organmism durning
itz life time. His proposed theory of acquired characters consists of
following postulates: 1] Use and disuse of the organs, and o)

Inhentance of acquired characters

i] Use and disuse of the organs

In wiew of Lamarck, an organism under the inflaence of
mternal or external factors, may either reguently use or disuse 1ts

one or more organs. During its persistence efforts of doing so, the
organs under discussion are ether developed more and become

stronger due to more usage, or become weaker due to disuse, Thus
as a consequence of constant efects of use or disuse generation after
peneration, the cumulative «ffect 15 seen etther as either stronger or

degencrating organ. He stated the example of existing giraffe wath
iong neck and longer lore-limbs. According ta him, the ancesiral

girafie had short meck and fore-limbs,. They fed upon the vegstation
on ground. Somehow, either due to Aooding of the ground or else, the
ground vepetation disappeared forcing the ancestral grafe to eed

upon the foliage of trees very high above the ground level. So they
faad to gradually it up the neck to pluck the leaves. Thius as a réesult

of continuous efforts of stretching the meck and fore-bmbs, the
muscles developed stronger and stronger generation after peneration,
finally transformed into existing graffe anth long and hieh neck and
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longer fore=-hmbs, He termed such adaptive features as “acquiresd

characters .

nATr ?ﬁf !l ?

Flg. 24.6 Evolution of girafle neck

11 Inheritance of Acguired Characters

Lamarck believed that the characters acquired during the
lifetime of individual due to use or disuse of organs was inherited to
their offspring. Thus, individuals of the new generations were having
stronger muscles of neck and fore-limbs. Finally, a8 a continuous
inheritance, the outcome 15 the existing gradffe.

-IIIIII--
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Hypotheslze whether Lamarck was criticiged in his days lor advocating
the idess of evolution or for the mechankem he proposed.

terial

Lamarck™s theory of inhentance of acquired charecters was
criticized especially by August Welsmann and Cuvier on I3 genetic
hasiz while on the other hand Charles Lyell and Awguast strenaly

supported and promoted the jdestopy of Lamarck, Although Lamarck's
idess wers repcted, interest in his idess hes recenthy resuriaced.

He may not have besn cormect with his bng=necked giralfe exampe,
but on & fundamentnl kvel, he was descnbing “epggenehcs” which deals
with the sthedy of behaviours, environmental exposures on other extermal
fmctors may alter hoe DA s read and wsed o sxpress certaon proteins.
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Drawbacks of Lamarckism
Though theoretically seems plausible, vet Lamarck theory has
no experimental support. Also the idea of development of acquired

characters has no genetic basis and it seems that they mfluence on
the somatic cells rather than the germ cells invalved in mmheritance.

S0 how could be the acquired characters are inherited to the next

generation without affecting the germ cells. As a Iact, it 15 al=o noted
that organs are not modihed by the wash ol the organmsm. Also,

Lamarckism fails to account for the genetic vartability found in the
SpECIEs.

£2%.5 DARWINISN

Charlez Darwin [1809-1282), an English biclogist, a geoloeist
and & naturalist 15 well Enown for s contmnbubion on senlution, His
proposal of arigin of species oM 4 common ancestor 15 generally a
widely accepted fact. Though he got education in medicine and

surgery, he was never interested i the Gield of medical. He was much
mberesiad i Sfudying nature as got admistted to the Chrst College

Cambridge in 1928, In 1831, he decided to go on a five years trip on
a ship H.M.5. Beagle heading towsrds South Amenca.

3.2, 1 DXarwin' s chifrvations during his voyage

Hiz wovage onm HMS Beagle started in December 193] from
Flvemouth, England. Alter crossing the Atlantc Qoean, mosi of s

trip was satling around South America, then proceeding ahead and

crossing the Pacific Ocean, they crossed Australia, The journey
continued back through the Indian Ocean up to the Cape Town,

South Africa amd then heading back o South America, Anally back to
Plymouth, England.

Hince most of his trip was sailing areund South Amernca, he
collected and studied offshore species of both plants and animals.

Dunng his studies, Darwin collected a varnety of rd specimen,
particularly finches in Galapages Island. He observed that the

finches of the Ualapagos [sland were gimilar to the finches on

mainland but each had adaptations in beak 1n terms of size and
shapes to obtamn easily and effectively the locally avalable Food.
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Fig. 24.7 Map =howing the jourmey af the ship HMS Beapie

Through s observation and collection, Darean was much
convinced about the process of natural selection as tool lor the o

process of evolution. He thought that new species could have ,_*h-
onginated as a consegquence of gradual accumulation of such

adaptations due to existing peographical or other types of barriers.

Fig. 2%.5 The fimches studies by Darein on Galapagos island
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24.5.2 Theory of Natural Selection

Even though the Darwins jourmey ended in 1836, he felt
himsell in uncomfortable position to put oeward his theory of

evolution wuntil 1842, During this penod, he collected ample
evidences to support his proposal of natural selection and the arigin
of species. [nitially, he prepared a broef skefch wheeh later turmed

inte a detailed description of the process on evolution. Meanwhile,
Eedping m view of the sensilivity of the issuae, he discussed 11 wath s

friends and colleagues before inal pubhcation.,
According to the Theory of Natural Selection, all living species
are descendants of ancestral species and are different from pressnt

day ones due to the cumulative change in the genetic composition
of a population. Darenn consdersd “"Natural Selection™ is  the

mechanism of evolution through which hentable trasts that help
DOEANIBNE SLUIVIVE and reproduce becme Mmore oHmMoon I oa
population over fime. Darwin's theory of EBEvolution 15 based upon

following two Key points: i) Descent with modification, i) Natural
a  Selection and adaptation.

F{ . 2 i _
: 1] Descent with modilication
| Like other evolubionary biologists, Daramn considersd that
B living organisms are related to sach other through common ancestry.
& The existing dverse forms of hving organisms are descent of previous

gimpler forms amnd gradually adapted to the changing comditions.
Thus the history of lile iz like a tree, with number of branches

coming out of the trunk terminating at exsting species, The point of
junction of twigs s symbolically representing actually the common
ancestors of thess branches, Gradually going down towards maon

trunk representing the commaon ancestor of all forms of life.

[i}] Natoral Selection and adaptations

The process of Natural Selection actually operates to select the
prganisms with better adpastments wth theirr environment, Such

organiams have better opportunity for survive and reproduce than
the infervor ones. [t s comprised of folloening four stages.

Over production: Each individual species has power to reproduce to
increase its number. Due o limited life span, limited available

resources, etc. each species tres to over produce 188 number of
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coffspring because not all the oflspring survive belore reaching to the
aexual maturity and able to reproduce.

Struggle for existence: Dunng the bfe time, the individuals of &
species have to struggle for the available resources of food, better

hhving condifions, predators, pamasites, diseases, #tc. Thus nof all

individualzs survive through such struggle, a number of them are
vanished. In fact not all of the survivars would be able to reproduce.

This causes some other decrease in their number alse, They do have
o struggle apgainst other closely related species alsa. The struggle
within the nmdidusl of the same species 15 termeed as intra=specifec

strugele while with the other specics 18 termed as inter-specific
struggle. Meanwhile, all of them have Bveed the natural catastrophes

alzo, This is environmental strugele,

Genetic Variations: The mdiveduals of a population differ shightly
from each other to ensure their survival and chances of reproduction.
CHherwise, for example an epademic may sweep out the entire group. ".

Thus differences of individuals of a species are termed as vanations. |
It ensures the chances of survival and reproduction and ultimately d

the longer existence of species as whole. The characters of o
individualz are genetically termed as traits. The traits making better e
chances of survival are termed as adaptive trats, ¥

Survival of the fAttest: The individuals of a species having the mast

favourable traits would have greater chances of survival and
reproduction than the others. In terms of genetics, it can be said that
organisms with better set of penes would have greater chances of

survival. Such organiams are considered as fttest. According to
Darenn, they would have better chances ol surnval as they pass their

genes through inherntance to their offspring. The whole process 15
termed as Natural Selection which provides opportunity to the fittest
one to surave and reproduce. In a sense, natural sslection INcreases

the chancez of Inheritance of better alleles while decreasing the less
favourable alleles. In view of Darann, the process of natural selection

was a way of the ongin of new species through a very slow but
gradual process ol accumulation of changes. Formation of new

species 15 ermed As speciation,

» 4
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24 5.3 Ideas of Charles Lyell, James Hutton, Thomas Malthuos in

the carly development of Darwinism
Darwin was mspired by Indings of a number of other
rescarchers regarding the process of fossilization and 165 correlation
with the evolution. Following were Important to understand the
condept of Darean regarding evolution.

Contribution of Charles Lyell

He was a great geologest of s time. His  theory of
uniformitarianism ingpired Darwin. According te Lyvell, the geclogic
processes that were around at the beginmng of tme were the same

ones that wers happening in the present as well and that they
worked the same way. He bebeved the Earth developed throigh a
senes of slow changes that built up over time. Darwin thought this
was the way that life on Earth also ehanged. He theorized that amall
adaptations mcoumulated over long penods of bme to change a

species and give it more favourable adaptations for natural selection
o work on. Lyell was a good Irmend o Captain Eobert FilzRoy who
piloted the HMS Beagle when Darwin sailed to the Galapagos Islands
and South America. FlizRoy intreduced Darwin to Lyell's ideas and
Darann studied the geological theories as they salbed,

Contribution of James Hutbon

He was a famous gedlogist by whom [Darwin wes inspired,
Actual dea of fossilization was put forwarded by Hutton before Lyell,
He the first to publish the 1dea that the same processes that formed

the Earth at the very beminning of time were the same that were
happering in the present day, These "ancient” processes changed the
Earth, but the mechanizm never changed. Even though Darwin saw

these ideas for the [Grst time while reading Lyell's book, it was
Hutton's ideas that indirectly influenced Charles Darsin as he came

up with the klea of natural selection. Darwin 2aid the mechanizm for
change over trme within speces was natural selection and it was thas

mechanism that hed been working onm species ever since the first

Species appeared on Earth.
Contribution of Thomas R. Malthus

Thomas B. Malthus was an economist and one of the persons
wihw [ascinated Daryvin with s theory on human  population.
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Actording to Malthus, the human population was growing faster than

the food production could sustain, This would lesd o0 many deaths
from starvation and lorces the population to eventually level out.
[kirwan applied these wdeas to populations of all specwes and

came up with the idea of "survival of the fttest”. Malthus's idess
seemed 0 support all of the studyving Darwin had done on
the Galapagpos hnches and thear beak adaptations, Only individuals

that had favourable adaptations would survive long enough to pass
down those trais to thedr olfspring. This is the cofmerstone of natuaral
seleciion.

Z23.5.94 Role of Alfred Rossell Wallace in motivating Charles
Darwin to publish the Theory of Natural Selection

A. K. Wallace was ome of the contemporarics of Charles
Darann. He collaborated wath Darwvin on the theory of esalution.

Wallace supplicd Darain with birds for his studies and helped him a
lot in publishing the theory of evolutlon. In fact, Wallace actually
carme up with the idea of natural selaction independenthy, but at the

agme time a5 Darain. The two pooled their data o present the dea
jointly to the Linnaean Soctety of London in 1858, It waen't until
after this joint venture that Darain went ahead and published the

ileas in his book "The Unigin of Species,

24 5.5 Why the theory of natural selection attributed to Darwin®

Even though both Wallace and Darein contributed the Theory
of Natural Selechon equally, Darenn gels most of the credil Today.
Wallace has been relegated to a footnote 1 the history of the theory

of evolution. Actually, Wallace was the person who motivated Darwin
o publish the book "On the ofngen ol speces™ m 1899 Besides,
Darann later also speculated about evolution of humans on which he
published “Deascent of Man®, Wallace diverged Darwin at this point.

24 .6 NED DARWINISH
It iz Interesting to note that Darwins Theory of Natural

Selection was put forwarded in 1839, the same btime when Gregor

John Mendel was formulating hizs Laws of Inhentance during 1 8560-
63 which remained neglected about three decades until rediscovered
at the turm of 2000 pentury. 3o, the Darwins study was Liwking a
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concrete genetic basis. As discussed sarlier in view of Darmaan, 1o an

individual, accumulation of fttest phylogenetic vanations i3 the
major driving foice of

speciation, hence the natural h of biol
sclection is the survival of the m"mh.ﬁﬂwﬂmﬂm;:‘tn?ﬂ"

fittest in the environment. Neo varatians and their inhentance. It

Darwinmism 15 &  mesdihed plava a very important sode in linking
theory af Crarwinism evalution and genetics =0 as to

explainmng the ofygin el B HECIES ﬂ_m‘l_np pagsible acoaminl Tar Lhe

on a genetsc basis, hence the arigan of e as well as ongin of
main driving force of Neo | apecies, It begins al the individual
Darwinism ig cenelic | bevel and then cumulates the data at
variation. Consequently, the the cooulation bevel.

main difference Lles in  the

variation type and type ol natural selsction. The maan [orce drving
speciation 15 the gathenng of genotypic vanations in a gene pool, Neo
Darwiniem 18 also referred to as the Modern synthetuc theory of
natural selechion. In this case, reproductive solaton has a mayor

part in speciation allowing differential amplibcaton of the fttess
genes in a gene pool. Thus, natural selection of the most suitable
genes 15 associated wath the ormgpnation of new species,

423.6.1 Hardy-Weinbeig Theorain
Hardy-Wemberg Theorem 15 the pnnople being proposed

collectively in 1908 by an English mathematician, Godfrey
Hardy and a German Physician, Wilhelm Wenberg [0 demonsirate
mathematically the gene frequencies of different alleles in a gven

population. According to  this theorem, the frequency aof
donmunant allele woikld ot tend 0 increase. The genels: varalon mn a
population will remain constant from one peneration o the next o
the absence of disturbing factors. When mating 12 random in a large
population with no dismaptive ciorcumstances, the law predicts thatl
both genotyvpe and allels requencies will remain constant becanse
they are |In eguilibrium.

Hardy-Weinberg Eguation

From thelr principle, they dedaced an eguation to calculate the
allelic frequences and penotvpes i oa population to show the
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esquiibrnium and termed as Hardy-Wemberng eguibbram. For
example, in Drosophila the allele lor gray body color (B s dominand
over the allele for black body (bl In the abesence of any other alleke for
body color, the sum of their mguencies must be equal to one, Now
mathematically, i we designate B allele wath " and i1s réecessive B
allele with “g” then the equation would be p +g = 1. Simply, knowing
the frequency of one either p or g 15 known, we can determine the
value of the other, From thas assumption, the [ollowang eguation can
be derived to obtain the offspring genotypes.

p + 2pq + g - I

[all

(Frequency of BB + [Freguency of B + (Frequency of bij
individuals of population]

Problem:

The frequency of two alleles 1n & gene pool 15 O, 19 [A] and (LB
(). Assume that the population is in Hardy-Weinberg equilibraim,

then

(a) Calculate the percentage of heterozypous individuals in the
population.

Solution:
H-W Eguation: pf + 2oy 4 i - I

According to the Hardyv-Weinberg Equilibrium eguation,
heterozyvpotes are represented by the 2pg term. Therelors, the
number of heteresygous individuals [Aal 18 equal to 2pg which eguals

2x0.19=0E8] =031 or3dl%

(b Calculate the percentage of homosygous recessives in the

population.

solution:

The homozygous recessive individuals [aa) are represented by
the @ term In the H-W sguilibrium equation which equaels 0.8]1 =
[(.8B] = (L&66 ar b6
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Factors Affecting Hardy-Weinberg Theorem

] Mutations:
It introduces new genes inte population

i11] Selection:

Either due to natural or artificial selection, some species may
e piven greater opportunity to reproduce and increase the number of
theor offspring which can affect the freguencies of albeles.

lil} Non-random mating:
The process of mating should bBbe non-random m a gyven
population and the population size should be large enough.

iv) Gedae [low:
[t refers (o the exchange of genes between different populations
of the same species. [t may be sither due to mugration of indmnduals

from one population to another of the same species or to the transfer
of gametes. In the absence of natural selection and genetic dreift, gene
flowr  leads to genetic homogeneity among demes within a
metapopulation, such that, for a given locus, allele frequencies will
reach equilibrium values egual to the average requencies across the
metapopulaleon.

since all of these disruptive forces commonly ocour In nature,
the Hardy-Weinberg eguillbrium rarely applies in reality. Therefore,
the Hardy-Wemnberg egquilibrinm descnbes an dealized state, and
genetic varations n nature can be measured as changes fmom this

egquilibrium atate,

24.6.2 Genetic Dnft (Neatral Selection)
It refers to the chanpes In allehic frequency 1In & population

from gencration to generation. It eccurs when allele frequencies grow
highet ar lower by chance and typcally [akes place mnn small

populations, Although penets: dnl ocours in populations of all sizes,
its efHects tend to b stronper in small populations, This is also
named as newtral selectlon becauas most of the vartations within and

tween species are due 1o random genetic deift of mutant alleles
that are selectively neutral.
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Example:
In order to make penetic

drft clear, et’'s thlkke am | First gemenation

Pl gene requencyl = 5
II":'r":"r'-':'T"I"-' l.'ll'- el 51'_"'1-” =+ Uq.-.-.- Tpsrey: = O

popalation of ten

Caprsriie Bl

rabbits, two of whech are
white {penotype bbb while
et are bBrowm
(penotyvpes BRE o Hb)
Both alleles B and B are

presert L1 efual

frequencies e, p=0.5

and g=0.5. Thus il 10 of

the individials

reproduce randomly, the |
probability of having an -
offspring with alleles B 5.."‘
or b ia 0.5 Suppose, If

(purcly by chancs] 3
circled rabbit reproduoces pi

among themselves [the

rest died/caught by » radvhitn mﬁm.'
hunter, etc,] =0 the

Thed genuralsomn
|:l l

deddd
ddddd

Fig, &9. 117 Ceemetlc drtdd

frequency of allels B and
would change to (.7 and
» respectmvely SES

shown in the Fig.24.10.
Minw  Turther supposing

that osily two of the e
of the second generalion,

the b allele will bBe
completely lasl.




There are two types of penetic dnf

i] Bottleneck effect: In this

kKind of penetic drift, the size of

the population 18 décreased

due 1o BOHIE natural
catastrophes [1kce voliano

sruption, ecarthquake, flood,
fire, ete, AS A CcOonsequUIence, A

marmer of ndividuals woukd be
eliminated leaving behind few
live individuals 1o reproduce.

11} Founder effect: In this kind

of genetic drft, a new small
population separated from the

larger one dus 0 aOme

Euu.l:l.ll'l-q
p i baan

Fip. 34.13 Dottle-meck EMeot

groeraphical or physical harrers starts reproducing wathin stself, As
a congequence, the allelie [requencies will be different from thek

orgEinal stock
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Fig. 2%.13 Founder's Effeot
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Z24%4.6.4 Speciation and its mechanism:

[t 15 the bhologeal process of formation of new species of hiving
organisms, It ocours when a group of individuals within a populabion
develop distinet characteristics and becomes reproductively isolated
from the rest.

There are dillerent ways lor speciahion process, iz, allopalric
speciation, sympatrnic speciabon, peripatne speciation and parapatno
speciation,

Sympatric speciation: In this case, one of the populations of a
Epecies SCCUPyIng the same peopraphical area becomes distinetly
different features so that 1t 15 unable to mate anth s onpinal stock.
There could be different reasons for sympatne speciation such &S
polyploidy, habitat differentiation and sexual selection. It i3 more
commonly observed among plants than animals

Albpatric Perljpatric PFarspatrte Syvmpeire
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Fig. &4. 14 Typss of speciation

Allopatric speciation: |n this kind of speciation, the populations
become geographically separated rom each other 80 that they
beoome reproductively isodated from the rest of their populations, As

A consegquence, the gene flow stops among them and depending upon
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their envircnmental factors during the course of tme, they do
penetically differ from them. It is one of the very common wavs of

speciation.

Peripatric speciation: When small groups of individuals break off
from the larger group and forin a new spectes, this 1= called peripatr
apeciation.  Like allopatrnic speciation, although there 18 &
peogEraphical 1solations exists i this kind of speciation, 1t differs 1n
way that the separated group is much smaller than the ariginal one.

Parapatric speciation: In this speciation, the populations are not
pecaraphically separated [om each other, but they enter a guite

different habitat within the same area of the parent species. In such

cass, the populations may interbreed but develop distinct features
and halats. The reproductive isolaton in thas Gase 15 behavioral

rather than geopraphical. For instance, it 18 observed in plants living
on boundanes between distinet climates may flower at different times
in response o their environments, Thus, they cannot interbreed wath
the parental types.

ACTIVITY:

[dentily the homoogous and analogous organs in anlmas,
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Y SUMMARY

~ Ewalution refers to a process of development of an entty in the
course al ime through pradual sequence of changes rom simple
to complex form,

= The distnbuticn of different species on earth provides evidence
af evolution and it correlates the varations of a species and the
movement of conbinents across the globe va plate tectonics.

= In divergent evolution, the two or more species share common
ancestry,

« Drgans wiath sumlar mn [uncton Bul ddfer n ther anatomacal
features are termed as analopous organs,

= The presence of analopeus organs shows different ancestry and
this ig termed ag convergent evolution.

~ Lile [orms onigmated m water, espéecally m hot springs called
hydrothermal venis.

= Prokaryotes may have arisen more than 1.5 billion vears ago, _

» Membrane invagination Theory sugeests that the cell membrane
Of prokaryotic cells invamnated to enclose the genetses material.

~ Lamarck theory 15 known as Lamarckism or Inhentance of

Acguired Characters.
= In view of Lamarck, the process of evolution is like a ladder of 79
life proceeding from simple to the complex level of organismes F

with view of modification of characters of organism during its life
ERITIE,

# Theory of acquired characters consists of use and disuse of the
organs, and inhentance of acgquaired characters,

= Darwin applisd these ideas to populations of all species and
came up with the idea of "survival of the fittest”.

F The main lorce doving speciabion 1= the gathernng of genalypac
variations in a genes poal,

= Population genetics deals with the process of orimn of varations
and their inheritance.

~ (renefic Dnft (Neutral Selection) refers to the changes 1n allelsc
frequency in & popelation from generation to peneration

= [n Bottleneck effect, the size of the population is decreased due
[ sodme nalural catastrophes HKe volcanda erdaplion, earthguake,
flood, fire, et

» 4
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 In Founder effect, a new small population separated from the
larger one due to some geographical or physical barriers starts
reproducing within itaelf.

= Speciation 15 the bological process of formation of new species of
LIWINRE Grg@anisms.

|

EXERCISE

1. Encircle the most appropriate response,
1) Which of the follownng was supporting the theory of special

creation?
{a) George Buffon () Lamarck
] Daraen fd] Suares

5]  Archasopteryx is a connecting link between
|al Amphibia and reptiles () Reptiles and Aves
] Aves and mammals {d] Fish and amphibia

';‘ i1l Al of the ollowing are homologous organs except
~a |al Wings of bat () Wings of butterily

o] Wings of bard {d] Flippers of dolphin

iv] Which of the following are analogous aorgans except:

r ~ |a) Wings of insect (k) Wings of bird

o] Wings of bat {d] Arm of man

vi  Lile ariginated in
{a) Alr (b Water
c] Land {d] Space

vi| Fhidosophie Zoolocpoue was writhten by
|a) Wallace (b Darwin
c] Weismann {d) Lamarck

vil] Which of the lollowing s incorrect regarding Lamarck's theory

of Inhertance of acguired characters?

{a) Use and disuse of the argans inherited

(2 Continuously using =ome organ results 1n s harther
strengthening in ollspring

ic] Continuously disuse of some organ results in ita weakening
Im affspring

{d] Concrete support to the theory thoough experniments
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villj The theory on human population whch inspired Darwin was

proposed by
{ap Malthus () Lyell
{c] Hutton id) Wallace
i} Theory of Natmaral Selection was lacking any support from
{ap) Huogeography (b Crenetics
ic] Comparative anatomy (d) Molecular Biology

x]  Which of the [ollowing cannot be the disruptive force lor Hardy-

Weinberg Theorem?
la) Selection (b Non-random mating
] Mutation id) Random mating

2. Write short answers of the following questions.

i} Dafferentiate betwesn the following:

a) Special Creation and Evelution

bl Lamarckism and Darwinesm

¢} Invagination theory and Endosymbistic theory

d] Bottle-nsck @ffect and Founder's =[Tect ".

g} Convergent and Divergent evolution : -y
it] How the hamalogous organs support the theory of evelution® d
il What are analopous organs? Give example. _
i¥l How Alfred Wallace contributed Chartea Darwin regarding the L o

MNatural Selection? i

v} What do understand by the *descent with modification™?
vi] How Neo-Darwinism differs from Darwinism?
viij How the sympatne speciation differs from  parapatric
speciation?
vill) Justify Lamarck as an early proporrent of evolution.
ix} What ia penctic drift?
%) List out the [actors allfecting allele freqguency
3., Write detailed answers to the following questions,

i) State and explain the contribution of Lamarck in organic
evarlubion.

il] Ddzcuss the process of origin of single oell Eukaryotes.

il Howw Baopedagraphy and paleonlology provide evidencds n
support of evolution?

i¥] What is speciation? Explain different ways of speclation.

v} Descnbe the Theory of Natural Selectwon.
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