. Chapter 35
EVOLUTION --- History of Life

The term evoluti |
[vere, meaning t¢ ion m“".""" dCV‘-fh'pnu:nl of life with time, It comes from atin word
pm“er ||,fc " i.,z '_) ur:lmll. It refery to opening of record by untolling a s toll, 1.8, ofigin from
ar ? s el s "
e toted ned as the development of differentiated organisms from pre existing less
differentiate organisms over the course of time

| Evnlulmn means that living things change., A species may dlowly change into & few

gpecies OF even into two or more new species. It means that the plants and animals that are

present on the earth now are not the first plants and ammals, It also means that many plants and

A animalsl that once flourished are no longer alive, since if one species evolve into other species,

-~ the orgma! species no longer exists, The knowledge about these extinct species 18 provided by
their remains preserved in the rocks called fossils

Theory of evolution has a special place in the study of history of life. It is mest
~ inclusive theory of all the theories in biology. It helps us to understand the unity, as well as the
~ diversity of plants and animals. Once life appeared on earth, if slowly evolved into many kinds
of plants and animals. But evolution has not made the organisms completely different.
| Biochemical similarities such as association of ATP with the energy reactions in all the cells;
~nearly identical modes of inheritance, for instance DNA nearly always carnes the instructions
for inheritance; and similar patterns of development among OTganisms 1% due to their common
origin. Evolution provides us a unifying picture of life. Life has a common pattern because all
life is interrelated through evolutionary descent. This 15 evident from classification which has s

ientific basis in evolutionary interrelationship.

Evolution is also taken as field of inquiry in which scientists try to discover how this
process of change occurs. They try 1o find answers to questions such as what are the yaw
aterials for evolution; what forces and factors control the direction in which species may
svolve; what is the rate of evolution and what factors control it?; what is the past hidtory of
ants and animals living today?; and what plants and animals lived in past but are no longer

alive?

oevolution
he kind of evolution during which new forms of life evolved replacing the old ones 15
evolution. Macroevolution is evolutionary change on grand scale resulting in new

penetrating new habitats.
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DEVELOPMENT OF THEORY OF EVOLUTION

Evolution is a scientific theory now. In its present form it began 1in 1859 il
hypothesis of Charles Darwin (1809-1882) after publication of his On the Origin of Species.
However, people long before Darwin noticed basic structural and f“"c'jof‘al s.mﬂgnllcs o
organisms and proposed various hypotheses to explain diversity among living OTganisms.

Ancient Beliefs and Hypothesis of Special Creation

Ancient Chinese believed that life originated from a single source through a gmd_ual
unfolding and branching. Some of the early Greek thinkers talked about the grafiual evolution
of life. But Aristotle believed that species were fixed and did not change. According to him the

living things can be arranged in order of increasing complexity and there are no spaces to be
filled by new forms of life. William Paley (1802), in his book Natural Theology. argued that if

one comes across a watch, from its intricate structure one could conclude that there was a
watchmaker. Thus, the great complexity of living things was sufficient evidence of work of a
Creator. His hypothesis was known as special creation.

Theory of Uniformitarianism
James Hutton (1726-97), founder of geology, suggested that carth developed from
rocks gradually by erosion. His hypothesis was called gradualism and it became the basis of
theory of uniformitarianism developed by Chalres Lyell (1797-1875), another geologist.
: Lyell described evidence for believing that mountains, valleys, deserts, nvers, lakes and
coastlines have come about through the actions of existing forces and natural conditions
througout the ages. Such changes had occurred slowly changing theface of the carth. Thus, the
age of the earth is quite old. His theory of uniformitarianism led Darwin to imagine that if carth
is quite old and so changed, did it had the kinds of life we now have? If not so, the life also

changed gmdually.
~ Hutton also observed fossils in the beds in sedimentary rocks. Later the age of earth
was estimated to be about 4500 millions (4.5 billion) years and life as having originated 3500
:‘ “millions (3.5 billion) years ago.
s | WCIMU (1769-1832) attempted to explain the role of fossils in creation. He

il

N¢



* idea that life changes with time. He also studied the flora and fauna o

“struggle exists among all living
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Organic Evolution

Erasmus Darwi
us Darwin (1731-1802), grandfather of Charles Darwin, believed in organic

evolution, i.e., evo!utlon of living world. He believed in evolution by variation and
imPff‘chcnt'of species by their own inherent activities. He also believed that characteristics
acquir ‘fd by thé parcn't may be transferred to the offspring (inheritance of acquired characters).
Therefore, he 15 considered as an outright evolutionist. Charles Darwin read his grﬁlﬂ‘dﬂ“her o
work and was impressed very much.

Theory of Evolution by Natural Selection

Char'es Darwin, a doctor by profession but gave up his career after witnessing surgical
operations COnd.ucted on children. Later, he joined church but abandoned it as well. He joined as
resident naturalist on an expedition to the southern hemisphere on HMS Beagle and travelled for
five years. During his voyage he accumulated geological and fossil evidence that supported the
f mainland South America
and of some surrounding islands, including the Galapagos islands. For example, he found
evidence about the development of a variety of forms among finches (a kind of birds) from a
single ancestral group, due to adaptation to feeding on different kinds of food.

After returning home he continued his study and experiments. He also studied the effect
of light on plaht growth that later led to discovery of plant hormones, climbing and
insectivorous plants, earthworms, soils, orchids, insects and plants of various habitats, aspects
of geology, and emotion in humans and animals. He started developing a theory, he called
transmutation. He discussed his theory with his close friends and made a first draft of his

theory in 1842.

Darwin read R, Malthus's

emphasized that there is a contest among
survival), and one who is fittest survives (surviva

"An Essay on the Principle of Population”, in which he
the members of a population for food (struggle for
1 of the fittest). Darwin found that a similar
things. He suggested that all species show variations with time.
in struggle for existence. Organisms with favourable variations
their favourable characteristics. In this way new species
lects the fittest - evolution by natural selection.

Some variations are of advantage
are most likely to breed and to pass on ¢
arise from existing ones, becaue the nature s

| Darwin recieved a hypothesis similar to his own from Alfred Russel Wallace (1823-
1913), also a naturalist who travelled widely in South America, Malaya and Eastern Indian
archipelago, through a private letter. That st?muiated him to publish his work. The theory was
presented in a joint paper read to a Linnean society meeting in. 1858, but did not acknowledge

Darwin was aware of defects in his theory and lack of evidence for it. For instance,
Darwin recognised variations as @ raw material for natural selection, but blending theory of
inheritance was prevalent at time which tend to reduce variations. Also there was no, evidence

for aatioeal salpation in'sétion and, Dpcwin telied wpon variations in the bresdsigh d
Al et “we icmgis. By cmehil sl slechiop, he demanetrated theg ural
B i . . :‘:lmwmdwenmnpdcvelophisidminhis

n, published in 1859.
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e ‘,howmm His theory was de
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. ; ique ¢ ibution t
Thomas Henry Huxley (1825-1895). Darwin's theory 15 considered as a unique contribution to

the debate about evolution as its states:
a. the evidence for evolution very clearly,

b. reviewed objections and answered those,
on he called natural

ave evolved from earher forms of

' > : election, and
c. proposes a mechanism for evoluti selec
d. convinces most of the scientists that spccics h

life.

Lamarck's Theory of Evolution LAMARCKISM

There have been other hypotheses to explain how evolution occurs,
as useful as Darwin's. One of the most interesting and important was porpose
naturalist Jean B. Lamarck in 1809. His hypothesis was based on two conditions:

but none has been
d by the French

a. the use and disuse of parts, and

b. the inheritance of acquired characteristics.
to changed patterns of

4
According to Lamarck changes in the environment may lead
ans or structures.

behaviour which can necessitate new or increased use or disuse of certain org
Extensive use would lead to increased size and/or efficiency while disuse would lead to
degeneracy and atrophy. These traits acquired during the lifetime of the individual were believed
to be heritable and thus transmitted to the offspring. His theory of evolution is known as

Lamarckism.
Long Neck and Legs of Girrafe --- An Example of Lamarckian Evolution

According to Lamarck, the long necks and legs of modern giraffe were the result of
evolution due to use and disuse. According to him, ancestral giraffe probably had short necks
and legs. They started feeding on leaves instead of grass to satisfy their need for food. The necks
were subjected fo frequent stretching to enable the girrafes to reach the leaves of the trees
present at higher levels. As a result slight longer necks and legs produced in each generation.
This change passed on to the next generation. Continuous stretching and its inheritance for
generations resulted in modern giraffes. '

Other Examples

The webbed feet of aquatic birds and shape of flat fish could be explained similarly. In
aqflaﬁr birds the constant spreading of the toe bones and the skin between them in order to
swim to find food and escape predators gave rise to their webbed feet. Similarly according to
‘l;tnmrckism flat body in flat fish resulted because the fish use to lie on thier sides in shallow

er.

Lamarck's theory of evolution is simple, clear, attractive but wrong. Lamarck himself
and otl!ers were unable to collect evidence in favour of the thoery. However, Lamarck's
:::P;;sls !(::d lh;u rt::lc of environment in producing variations in individuals was correct. For

e, body building exercise will increase the size of muscles, but this acqui ¢ 2
non-genetic and cannot be inherited. . R hipd change 3

! il
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Weismann's Theory of Continuity of Germ-Plasm

Later, Weisman
- aatic o bR nhPrOPOSde_theol'y of continuity of germ-plasm. He postualted that
oo o I\;:Aarz:ﬁtenstlcs-resulting in variations did not affect the germ or gamele
genetic characteristics. » the genetic material) which are responsible for transmussion of

Neo-Darwinism

Th .
ol " ::"0['3’ of evolution proposed by Darwin and Wallace has been extended and
IR 1 2 ight of evidence from genetics (Mendel and post-Mendilian work), molecular
biology, palaeontology, and ecology and is known as neo-Darwinism (neo=new).

. According to this theory, genetic variations originate as a result of chromosome
mutation, gene mutation, random assortment of parental chromosomes, and recombinations
produced as a result of crossing over. These genetic differences established in an organism are
callc?d phenotypic variations. Some of these variations may be better adapted than others in a
particular environment. Then, when natural selection operates, there is a change 1n the
proportion of genetic variation in a population of the species. This may lead to the formation of

new varieties and species.

Neo-Darwinism may be defined as "the theory of organic evolution by the natural

selection of genetically determined characieristics”.

Population Genetics and Evolution

An important development in the understanding of theory of evolution was the birth of

population genetics, and the realisation that continuous variation may be genetically controlled.
Population genefics made it possible to analyze changes in the genetic composition of

~ populations to demonstrate the forces responsible for evolutionary change.

DARWIN'S THEORY OF NATURAL SELECTION
Natural selection is the mechanism by which new species
species. This hypothesis is based on the following observations.

anise from pre-existing

i. Overproduction
Individuals within a popul :
~ produce a large number of offspring. The capacity for reprodu
organisms because it nsures continuation Qtispeches.

The organisms reproduce in & geometrical ratio. For example, elephans which is
considered as the slowest breeder, begins d::. bm;du at th::;ge of thirty, and continue to do so at
the age of ninety, producing Six youngs ing this period. Darwin calculated that a single pai
of nggpham waetylld.pmdm 19 million descendants in 750 years. Simularly cod fish sl:uy:lw:.:
million eggs, and if all eggs developed into fish, the seas would soon become filled with cod fish
alone. The rate of reproduction is more rapid in invertebrates, for example, an oysfer h”m
million eggs in & season. If the progeny of a single oyster survived and multiplied at this rate for
i wons. the heap of shells produced would be cight times the size of the earth.
Similarly a Paramecium divides three times a day. It has been calculated that if all the off
of & single Paramecium survived-and multiplied at this rate for five
protoplasm produced would be almost equal (o ten thousand times the vo

ation have a great reproductive potential, i.e, they tend to
ction is basic~to all living

Ay
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Malthus hl‘ghhghtcd the reproductive potential of humans and observed that human potentials
are able to increase expotentially (arithmatically).

ii. Struggle for Existence
n between individuals for food.

Increase in population size lead to continuous competitio
space and light. It results in struggle for existence. The competition may be between members
of the same species known as intraspecific competition, or between the members of different
species called interspecific competition. The intraspecific competition is more intense because
a

the members compete for same resources.
It has been observed that all population sizes are chec _
* factors, such as food availability, space and light. The populations tend to increase in $1ze until
‘the environment supports, otherwise there is no increase and an equilibrium is reached. Also
certain organisms fail to survive (die at early age) or reproduce (are sterile). Hence population
sizes generally remain approximately constant over a period of time related to the length of the

organism's life cycle.

ked by various environmental

<iii. Variations
All individuals in a popul
and habits: and a struggle for existence has been clearly established, t
possessing particular variations will be more suited to survive and reproduce.

ation exhibit variations in form, size, coloration, physiology
herefore some individuals

Adaptation: The key factor in determining survival is adaptation to the environment.

iv. Natural Selection or Survival of the Fittest
The individuals with variations that help them to adapt better in an environment will
test. Thus, any variation that gives one

survive. Herbert Spencer termed it as survival of the fit
organism an advantage over another organism will act as selective advantage in the struggle for
existence. Favourable variations are inherited to next generation. Unfavourable variations are

selected out. According to Darwin, nature selects the fittest or an organism with selective
advantage. Thus, natural selection ensures the survival of better adapted species.

v. Origin of New Species

The better adapted species live to maturity and transmit favourable variations to their
offspring. The selective process continues generation after generation, and,during the course of
time these variations accumulate to such extent that species is modified into a new one.

CAUSES OF VARIABILITY
VARIATION

: The term variation refers to differences in characteristics shown by organisn
belonging to the same species. If we look around it is easy to see that organisms within the sar
species vary from one another. The variation may be: -2

i Genetic variations - i
g, Environmental variations
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i, Genetic Variations

Some of the variations et

(ime a new organism is produced, This ‘IP oducing organisms thesle u!lelcs are rvshu!ﬂcd cs.wls
or and independent ass + This reshuftling occurs during meiosis as a result of erossing

5 | (NACPERTCNT assortment. The random fusion of gametes from two parents also

I,,-m]m:r:,\ new w-mhmahoqs of alleles in the offspring. Another source of genetic vanation 1s

"'Aml‘"""_" N over, independent assortment and random fusion produce new combinations

of ullglcs while mutations produce completely new alleles. Genetic variations are inheritable,

thr:f t'ff“"‘ “'_l?"" organisms reproduce they pass on some of their genes to their oftspring. Geneltic

variation affect DNA of the organisms.

ii. Environmental Variations

Some 91 the variations among individuals are not caused by their genes. For example,
two persons with naturally fair skin may have very different skin colours, because one 18
exposed to sunlight more than the other. Similarly two persons possessing genes for tulines
would grow tall but may have different heights, because they ate very different diets when they
were young. Plants also exhibit such variations, They may differ in size and colour of leaves
because one may be growing in shade and nutrient deficient soil and other in light and nutrient
rich soil. Such differences that arise during an organism's lifetime are called environmental
variations. These variations do not affect DNA of oigamisms, therefore are not inherited.

Both genetic and environmental variation are important for plant and animal breeders
and also in understanding the process of natural selection. However, only characteristics with a
relatively high genetic influence are really important in natural selection, or can be improved by

selective breeding.

Continuous and Discontinuous Variation
A study of phenotypic differences in any large population shows that two types of

variation occur:
a. Discontinuous variation

b. Continuous variation

in a character involve measuring the expression of that
of organisms within the population, such as height in humans.
tribution of the variations of that characteristics within the
ed as a histogram or a graph.

Studies of variation
characteristic in a large number
The results reveal frequency dis
population. These results can be plott

a. Discontinuous Variations
There are certain chang;uristic within a population which exhibit a limited form of
yan‘ation. Variation in this case produce individuals showing clear-cut differences with no
intermediate forms. For gx.mpla_, a person belongs to one of the four blood groups in the ABO
!’109d system, A, B, AB or O. There are no inbetweens and only a few clearly defined groups of
individuals. Such variations are called discontinuous variations. :
" The characteristics showing discontinuous variation are usually controlled / two maor
genes which may have two or more allelic forms. These variation are W P

e““’i""m!‘eﬂt_- . "
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b. Continuous Variations

[n most caharacteristics the variations are not clear-cut.
complete gradation from one extreme to the other without any break. For example, human skin
or eye colour cannot be categorised into clearly defined colours. Continuous variations may' be
caused by genes or by the environment, or both. The human eye colour is caused by the
combined effect of many genes (polygenes). Individually each of these genes has jitle exfection
the colour of the eye, but their combined effect is significant. Therefore, there are different sorts
of eye colours. On the other hand, variations in skin colour (also a case of polygenic
inheritance) are caused partly by genes and partly by environment. Variation in leaf length n
Oxford ragwort plant is caused by environment entire the plant were
* produced by mitosis from a single zygote and so contain exac

These characteristics show a

ly, beacuse all cells 1n
tly the same genes.

SOURCES OF VARIATION

Genetic variations do not occur 1n asexually
DNA is perfect. Any apparent variation in these organisms
environment. However, there is ample opportunity for genetic variat
reproducing organisms. The main causes of variations are:

reproducing organisms as replication of
may be due 1O influence of the
ion to arise in sexually

& Gene recombination

il. Mutation

" I. GENE RECOMBINATION
Gene recombination originate as a result of crossing over during meiosis, random
migration of chromosomes at the time of cell division and random fusion of male and female

gametes during fertilisation.

i Crossing Over
ssing over of genes between chromatids of homologous chromosomes

Reciprocal cro
new linkage groups and so provides a

may occur during prophase I of meiosis. This produces
major source of genetic recombination of alleles.

Orientation of Chromosomes during Cell Division

) f the chromatids of homologous chromosomes (bivalents) on the

« equatorial spindle during metaphase [ of meiosis determines the direction in which pairs of
chromatids move during anaphase 1. This orientation of chromatids is random. During
metaphase 11 the orientation of pairs of chromatids is random once more and determines which
chromosomes migrate to opposite poles of the cell during anaphase Il. These random orientation
and the subsequent independent assortment (segregation) of the chromosomes gives rise to a
large nu:pber of different chromosome combinations in the gametes.

ii.
The orientation ©

iii. Random Fusion of Male and Female Gametes» during

Fertilisation

~ The fusion of male and female gametes containin L
i r , g complementary sets of haplold
chromosomes to produce a diploid zygote nucleus is completely random. Thug my* 2 o <

is potentially capable of fusing with any female gamete, resulting in genetic variation.
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These sources of genetic variati
{INUOUS variation. The :lvire:z: Veption account for genetic reshuftling which 1s basis of
o ted to it survive and flourish Ment acts on the range of phenotypes produced and those best
adap Sh. This leads to change in allele and genotype frequencies.

11. MUTATION

The gene reshuffling
o e —t major changes in genotypes which are necessary
(o give rise to new species. These changes are produced by mutatiinq s

| A l‘lll‘ltill‘lnn is a change in the amount or the structure of the DNA of an organism.
This produces a change in the genotype which may be inherited by cells derived by mitosis or
me10sIS f“’.m_ the TMtant cell. A mutation may result in the change in appearance of a
chaf“ﬁ“‘-‘_““‘ in a PUPUIatmn_ Mutations occurring in gamete cells are inherited, whereas those
occurring In SOmAtic cells can only be inherited by daughter cells produced by mitosis. These are
called somatic mutations. B

A change in the amount or arrangement of DNA is known as chromosomal mutation
or chromf)somal alfermtlon; whereas a change in the structure of the DNA at a single locus is
called jpoint mutation or gene mutation. The term mutation is usually used to describe gene
mutation. :

The concept of mutation as the cause of the sudden appearance of a new characteristic
was first proposed by the Dutch botanist Hugo de Vries in 1901, following his work on
Oenothera lamarckiana (evening primrose). Nine years later T. H. Morgan began a series of
investigations into mutations in Drosophila and recognised over 500 mutations. |

Causes of Mutation — Mutagens
There are certain physical and chemical agents which cause an heritable change in a
gene'and thus produce its allele. These are called mutagens. There are three main categories of

mutagens. These are:

i. Ionizing Radiations

These are high energy radiations like alpha-, beta-, gamma and cosmic rays. They are
called ionizing because they penetrate the tissues deeply causing ionization of the molecules
he cells, electrons are forced to flow out of the molecules, thus

encountered. As they penetrate t , 3 :
stable molecules and atoms are transformed into free radicals and reactive ions. These radiations

affect the genetic material altering the purines and ‘pyrimidines in the DNA and resulting in

point mutation.

ii.  Non-ionizing Radiation

These include ultraviolet rays. These cannot ionize the target tissue. The ultraviolet

light affect pyrimidines mainly to cause a change in DNA.

iii.  Chemical Mutagens
Certain chemicals such as nitrous acid, hydroxylamine, dimethyl sulfonate, metﬁyl éthyl

sulfonate, acridine, etc act as mutagens. In addition a variety of other chemical substances

including mustard gas, caffeine, formaldehyde, colchicine, certain componen o
: : : - ts of tobaceo §
an increasing number of drugs, food preservatives and pesticides, also caup:e mum:’ii;s.. ooy

3 3
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Mutation Frequenc)

Mutations occur randomly and spontaneously, therefore any gene can undergo mutation
at any time. The rates at which mutations occur also vary from species to species. The factors
that alter mutation frequency include temperature, aging and malnutrition. The work of H. J,
Miller (1920) showed that frequency of mutations can be increased by X-rays. Since then it has
been shown the rate of mutation can be increased by the effect of different mutagens described
above. In Drosophila, definite genes called mutator genes are present that increase the mutatior!

frequency.

Chromosome Mutations

Chromosomal, mutation may be the result of changes in the number or structure of
chromosomes.

Changes in Number of Chromosomes

Changes in number may affect several genes and have a more profound effect on the
phenotype than gene mutations. These changes usually result from errors (non-disjunction)
occurning during meiosis. However, they can also occur during mitosis. These changes may
involve the loss or gain of single chromosome, a condition called aneuploidy (2n-1 or 2n+1),
or the increase in entire sets of chromosomes, a condition called euploidy (polyploidy -- 3n,
4n. Sn and so on).

Zygotes containing less than the diploid number of chromosomes (aneuploids) usually
fail to develop, but those with polysomic chromosomes may develop. In most cases where
ancuploidy occurs in animals, it produces severe abnormalities. One of the commonest 1
chromosomal mutation in humans is Down's syndrome. Polyploidy is more in plants than in 1
amimals. Approximately half the known plant species are polyploids. Polypoloidy is often |
associated with advantageous features such as increased size, hardiness and resistance to disease.
This is called hybrid vigour. Most of our domestic plants are polyploids producing large fruits,

storage organs, flowers or leaves.

Changes in Structure of Chromosomes
Structural changes in chromosomes result from:

i. Deletions and Duplications ' - <
Durning these changes the number of gene loci on chromosomes is changed, and this
have profound effect on phenotypes. ‘ =

.  Inversions and Translocations

| These dnng«s result in change in allele sequence of parental linkage groups and
produces recombinants, but no gene loci are lost. These also produce profound phenotypic
effects. (for more details consult chapter 30) | 3




Evolution —_ History of Life 475

ransmitted 10 mRNA during transcription and may result in a ch
Suit ina ¢

of the polypeptide chain produced from it during translation at t R e
slation a

he ribosomes.

Since point mutations : . '
f cell, somatic (somatic mut‘- ;'.re C,hdnges in the DNA, we can expect them to occur in any kind
of cell, ations) as well as the germ cells (gene mutations)
y 4 .

Somatic Mutations

. onsliz:xill:)g:t:idt:}?:(: tcr?d to reman l{rlldclcctcd hecgusc .dnminant allele is present at that
0 - LGR e They aftect the organism in which these occur and are lost
on the dﬂf_“h. of that organism. However, somatic mutations in some plants have given rise to
plaﬂt varletlgs of Cilmmercial value, such as the navel orange (oranges without seeds). In each
case, 8 mutation aroscin:a single somatic cell. By repeated :ﬁitotic divisions, cells derived from
original mutant cell produced a branch composed of identical cells, each with the original mutant
gene. Since such fruits are often sterile, therefore” can be propagated asexually by cuttings of
grafts. Similarly variegated flowers with segments of different colours, e.g., in certain varieties
of roses, are examples of somatic mutation. Also, in some cases these mutations may produce
cells with increased rate of growth and division. These cells may give rise to a tumour which
may be malignant, i.e., live parasitically on healthy cells, and cause cancer.

Gene Mutations

Gene mutations occurring during gamete formation are transmitted to all the cells of the
offspring and from one generation to the next, therefore may be significant fof the future of the
species. Most minor gene mutations are recessive, therefore pass unnotlf:‘cd in the phenotype-
However, there are cases where a change in single base have a profound ettc_ct on the pl"\cnotypcr.
for example sickle cell anemia in humans, where mutation affects only single base 1n one of

genes involved in the production of haemoglobin.

Kinds of Gene Mutations
Gene mutation may be:

a. Spontaneous Mutation

r no apparent reason and cause a genetic alteration is called
mutation is random and natural. It may occur at any site
ity of them produces just a slight effect and are harmful.

The mutation which arises fo
spontaneous mutation. A spontaneous
on a chromosome, 11 is found that major

ntaneous mutatic

ns is 1-10 per million gametes, but it should not
The frequency of sP© g P

be underestimated, as any higher organism contain‘t: thousanf]s of gene loci. Because there are so
many genes pruse;lt. the chance that some one of them Awnl_l updergo a_change beconl\cs quite
significant, Stidias oa REMEIRUIAON LS 17 Drosophila indicate that in one generation there
is the probability that 5% of the gametes Wll.l contain 4 m‘u'tzftmn which arose in that generation
time. Overall mutation frequency per generation 1n humans is calculated to be 5% also.

b. Induced Mutation

A mutation that is produged artificially during cfxpcrimamation by using mutagens such
as X-rays, ultra violet rays, et¢. is called induced mutation.

Scanned with CamScanne
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c. Lethal and Deterimental Mutation

A mutation may be lethal whose effect is drastic enough to ehnunate _the }ﬂd'V"J“‘l
before reproductive age; or deterimental that may not kill the individual possessing it. bk e
gene is adversely affecting him in some way and is decreasing his probability of survival.

e. Back Mutation

Once a gene has mutated to an allelic form, this mutant gene will continue ¢
itslef until it is eliminated altogether. However, at times the mutant gene may mutate ba‘ck to the
original or wild form of the gene. This is called back mutation or reverse mutation. The
frequency of back mutations is rarer than the forward mutation, the change from wild to unitems

o duplicate

VEffecf of Mutations

Evolutionary progress depends on the ability of gene to change. However, .
or uncontrolled amount of gene mutation would prove fatal to a species because most mutations
are harmful. The effects of chromosome and gene mutations are very vanable. In many cases the
mutations are lethal and prevent development of the orgamism, for example in humans aboul
20% pregnancies end in natural abortion before 12 weeks and of these about 50% exhibit a
chromosome abnormality. But some forms of chromosome mutation may bring certain gene
sequences together, and that combined effect may produce a beneficial charactenstic. Another
significance of bringing certain genes closer together is that they are less hikely to be separated
by crossing over and this is an advantage with beneficial genes. -

-

a very hagh

Gene mutation may lead to several alleles occupying a specific locus. This increases
both the heterozygosity and size of the gene pool of the population and leads to an increase
variation within the population. Gene reshuffling as a result of crossing-over, independent
assortment, random fertilisation and mutations, may increase the amount of continuous vanaiton
but the evolutionary implications of this are often short-lived since the changes produced may be
rapidly diluted. Certain gene mutations on the other hand, increase discontinuous vanation and
this has more profound effect on changes in the population. Most gene mutations are recessive o
the normal allele which has come to form genetic equilibrium with the rest of the genotype and
the environment as a result of successfully withstanding selection over many generations. Being
recessive the mutant alleles may remain in the population for many generations until they come
together in the homozygous condition and are expressed phenotypically. Occasio;nlly 4
dominant mutant allele may arise in which case it will appear immediately in the phenotype.

NEO-DARWINISM or SYNTHETIC THEORY OF EVOLUTION by
A population is a group of organisms of the same es usually in a clearly
defined geographical area. Darwin was concerned with ho\sw"::mnl sale-x{o‘:m:d at the
lev?l of the individual organism in bringing about evolutionary change. However, after the
red!scpvery of Mendel's work the importance of genotype became significant in the study ¢ '
variation, inheritance and evolutionary change. The study of population genetics became the
basis o.fmodem views of evolutionary theory called mhmmm&ewm

*
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The theory can be explained g followings:

Genetic Composition of Populations

ndividual organisms are '

individual may change, but it does n?:t)r:\;<)ll\];l:n;jth:rnd':c"fc,m?m“‘)-, WO 00 .t.hc Wa
‘"gﬂ_nmm tha.t i e s m embers of a species f‘""m' glr.:):]:\'pe;lr%‘oa tﬁ:t)il(l)':l:)tt:::tc:tlr::d)lfnﬁ
articular region- .Som': Species consist of a just a single P()Pulz;t}()n Irvirr)x 2 in ()r;:; area s-uch':w a
small lake or an island. @ther species are made up of more than onc&pupulatinn éach m a
different locality. F“r evolution to take place a change must occur in the genes thut'arc present
in the l11§lnhCTS of a population. These changes are passed on to the next generation during
reproduction and are spread throughout the population by interbreeding. |

Genetic Variation

The genes can occur in different forms or alleles. Most a
recessive, and an individual can have either two identical alleles or two different alleles at any
particular gene locus. Not all individuals that can make up a population have the same alleles,
therefore there is genetic variation in the population. For example in humans there is difference
in pigmentation, facial characteristics, and blood types among different individuals and ethnic

lleles are either dominant or

populations.

Gene Pool .

The total variety of genes and alleles present in a sexually reproducing population is
called gene pool. In any given population the composition of the gene pool may be constantly
changing from generation to generation as new combinations of genes produce unique genotypes
and individuals with genetic variations are produced. The environmental selection pressure

determines which genes pass onto the next generation.

A population whose genes show consistant change from generation to generation is
undergoing evolutionary change. A static gene pool represent a condition where genetic
variation between the members of species I inadequate to bring about evolutionary change.

Allele Frequency

The relative occurrence of an allele in the gene pool is expressed as an allele

f“"l“cnty. The number of organisms in a population carrying a particular allele determines the

allele frequency. For example, in humans the frequency of the dominant allele for production of
99% or 0.99. The recessive allele which is responsible for

Pigment in the skin, hair and eyes is h - :

the lack of pigment, a ! i on known as albinism, has a frequency of 1% or 0.01. Since the

total population represents
Jominiat allele frequency .g-,:wsive'aﬂele frequency = 1

]

Sl - . =1

100% or 1 it can be seen that:

0.99 .
S, (T aﬁe!efof pmmoni'smpwwnted by N and recessive a
the albino condition by m. The 1&99;:“’ ﬂ‘;"ﬁm ﬁ@emfnml symbol¥ of probability
and q are used to express frequeney 8 ST and recessive alleles of the popul

Thﬂcfou,
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where p = dominant allele frequency, and q = recessive allele frequency.
In the case of pigmentation in humans, p = 0.99 and q = 0.01
since p+q =1
0.99 + .01 =1

ency of either allele is

The value of above equaion lies in the fact that if the frequ
if the frequency of the

known, the frequency of the other may be determined. For example,
recess allele 1s 25% then q = 25% or 0.25.

Since p+q =1
p+025=1
p=1-0.25
p=0.75
That is, the t'réquer!cy of the dominant allele is 0.75 or 75%.

Hardy-Weinberg Law

Evolution occurs when the composition of the gene pool changes. Therefore, a basic
component of the evolutionary process is the change of allele frequencies over time. What causes
allele frequencies to change? In 1908, the British mathematician G. H. Hardy and German
biologist W. Weinberg independently discovered that under certain ideal conditions, allele
frequencies will remain constant from generation to generation in sexually reproducing
populations. They developed a mathematical relationship betwen the frequencies of alleles and
entotypes in populations. The relationship. is now known as the Hardy-Weinberg Law. It states
that:

"the frequency of dominant and recessive alleles in a population will remain constant
from generation to generation provided certain conditions exist"

Genetic Equilibrium

" Populations that are not changing, i.e., they have the same allele frequencies from one
generation to the next, are said to be at Hardy-Weinberg equilibrium or genetic equilibrium.

Five ideal conditions must exist if a population is to remain at genetic equilibrium.
These are: : '

i.  There must be an absence of mutation so that no new alleles appear in.‘
population. . ' it et

ii. Individuals cannot ‘;niwateiin or out of the population so |
enter, or existing alleles leave the population, et

jii.

S
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V. Mating must co bi
st combine genotypes ‘ ~ - i
A p s at random, 1.e., no ‘ne show
shlection OF a mate. , no preference is shown in the

Causes of Change in Gene Frequencies

Based on TEY . : . :

L thes: five _Condlt‘lon.\. we can identify the factors that disrupt genelic
:‘»qu 1 'f‘ - ause ¢ angcb n thc‘trequency of alleles in a population’s gene pool. These are:
i. mutation; ii. gene flow; iii. genetic drift; iv. natural selection; and v. nonrandom mating.

i Mutation --- The Source of New Alleles

A mutation is a random change in the DNA of an organism. Only those mutations that

occur in germ cells contribute to evolutionary changes. Mutations add new alleles to gene pool

resulting in variations on which other evolutionary forces operate. Some mutations -are

_ beneficial, some are detrimental (harmful), and others are neutral and have no apparent effect on

~ the survival or reproductive capacity of an organism. Many harmful mutations are immediately

" removed from the gene pool because they disrupt the structure and function of a protein whose

activity is required for life to continue. Whether a mutation is beneficial, deterimental or neutral

often depends on the environment in which the organism is living at the time. If the environment

» | changes, the effects of the mutation on survival and reproduction can also change. For example,

a mutation that causes an enzyme to function optimaly at a higher temperature will be beneficial
if the environmental temperature rises and will be detrimental if the temperature falls.

ii Gene Flow --- Exchange of Alleles between Populations

p 1.
The transfer of alleles between populations through interbreeding is called gene flow.
er large distances, and for the seeds and

It is common for animals or their larvae (o migrate ov ;

pollen of plants to be dispgrsdl by the wind or carried by birds to distant locations.

Consequently, individuals from one population of a species are moved to another population,
alleles from one population’s gene pool to another.

creating the opportunity for the transfer of .
Immigrants into a po’ﬁulﬂioﬁ may add new alleles to the population's genes pool, or they may

hange frequencies of alleles that are already present. Emigrants out of a population may
mpletely remove alleles, or they may reduce the frequencies of alleles the remaining pool.
" The amount of pﬂ-m.wmvmwms varies and depend upon a number of
factors such as: e pL I AR

54
At

iny individuals;

a.
b

annt
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iii. Genetic Drift -- Random Changes in the Gene Pool

Genetic drift is change in allele frequency that results simply by chance. 1 hl; refers
to the fact that variation in allele frequency can occur by chanve rather than by “““""! sefection,
It may be an important mechanism in evolutionary change in small or isolated populations.

In small populations, the fequencies of particular alleles may be changed drastically by

chance alone. The individual alleles of a given gene are all represented in fow il\dl\‘l‘tl.llﬂls- and
some of them even be lost from the population if those individuals fail to reproduce. M"‘“ these
changes in allele frequency appear to occur randomly, as if the frequencies were drifting, it is
known as genetic drift. A series of small populations that are isolated from one .”""'hﬂ .
come to differ strongly as a result of genetic drift. In this connection, i 18 interesting to IR‘HII‘-\’G
that humans have lived in small groups for much of the course of their evolution: 8"“?-'““ dnft
consequently, may have been a particularly important factor in the evolution of our species,

Founder Effect
Sometimes one or a few individuals are dispersed and become founders of a new,
isolated population at some distance from their place of ongin. When this occurs, the alleles that
they carry are of special significance. Even if these alleles are rare in the source population, in
their new area they will be significant fraction of the whole population's genetic endowment.
This effect by which rare alleles and combinations of alleles may be enchanced in the new

populations is called the founder effect. It is a particularly important factor in the evolution of
distant oceanic islands, such as Hawaiian Islands and the Galapagos Islands visited

organisms on
of organisms that occur in such areas have probably been derived

by Darwin. Most of the kinds
from one or a few initial founders.

3 The particular genetic constitution of the founding individuals played key roles in the

‘' evolution of Hawaiian plants and animals. Tarweeds is a group of more than 100 western North

American species of the sunflower family, Asteraceae. Adenothamnus validus is a primitive

tarweed. In the Hawaiian Island, a group of unusual species of rarweeds have evolved from

ancestors similar to Adenothamnus, which reached Hawaii by chance dispersal over long

distances.

iv. Natural Selection --- The Driving Force behind Adaptation

A After his voyage on the Beagle, Charles Darwin became convinced that orgu\iwfi
evolve’over time. Later he concieved a mechanism that could actually cause a change. m
mechanism was natural sélection. Atificial selection helped Darwin to concieve the
mechanism. It demonstrated that continued selection was powerful enough to bring about ge
scale changes within a species. Darwin concluded that natural selection could produce sim
changes in natural environment. According to his theory of natural selection, not all indivi
| survive and reproduce ‘equally well in a given environemnt. Therefore, some indi
, oontnhute more offspring to the next generation ‘than do others, As generations

dNN¢
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v. Nonrandom Mating o

When individuals ch
00s ;
ocurs. Nograsliom e canschcn\::z;(:lnhthe basis of their phenotypes, nonrandom mating
Y a number of factors. If frequently occurs when

there is a preference for a parti
here is no choice exc particular type of mate or when the population bec $ SO §
the xcept to mate with a close relative i o i

Sexual Selection

Not all cha istics f
survival; rather sor:l.;:alclxr;:;;fdn:)t:fnh) n';i'tural it individual's chances of
pea(‘()('k and spreading antlers of ‘-c‘ f’ fCPr()d'flelng. The spcctacular tail feathers -of a
e 5o male deer appear as if they could actually impede tha amimal’s
pursuit 0 .fOOd and escape from predators. Since these characteristics improve the chances of
attracting fﬂf_\ﬂld‘ and reproducing, however they will be strongly selected for. This form of
natural selection is called sexual selection. ’

visible differences hetween the

Sexual selection often lead to sexual dimorphism, 1.c.,
the animals because a

male and temale of the same species. Sexual selection 18 common among

female's reproductive success is himited by number ot eggs she can produce 1n her lifetime, and
a male's reproductive success 15 limited by number of females he can inseminate. Therefore, 1t 18
to the female's advantage to choose the most fit malc as her mate, and it is to the male's
advantage to attract as many fernales as possible. This lead to natural selection of certain male
characteristics, either through male competition with one another or through female choice. On
the other hand, males may compete for directly by fighting, or they may compete for territory,
the possession of which attracts the females. Consequently, 1n these species, males develop
characteristics that enable the animal to fight or intimidate other males, like the antlers of a deer
or the huge body size of the male elephani seal. On the ot

her h and, females choose a mate, SO
natural selection favours those characteristics such as the. bright-coloured plumage of male birds
In peacocks.

SELECTION

It is well know
phenotypic vanation. Selectio
and reproduce whereas others
environment, and pOSSEss character

i ms that are able to ensure surv

perpetuation of those organts i1 4 Lati
presence of phenotypic variation within the population.
When a ﬁnpulation nc¢ _ size, certain eqvif(?nmcntaj factors such as tood
availability in animals and light in case ot. plants become limiting. This results 1n cg)mpetjtlgn
for resources between members ot P"I’“‘lat'"“' The organisms pOS§cssmg,che.iractcnsmcs which
provide them competitive advantage will be able to get food or light, survive andl reproduce
Those organisms that lack these charactenistics may die betore reprodlfcmg. The enviiol
limiting factors and population size operate together to produce a selection pressure.
Theref()rc.- celection is the process detgnnining which alleles are passed on te
generation: and selection pressure is a means of increasing the spread ot an allele with
pool. The changes in allele frequency can lead to evolutionary change. phes
genoytpe arise from the spread of mutant al‘leles thr Ough the gene P(‘Ol; § :

members of a population are not identical, but show
by which certain organisms of a population survive
fail to do so. The organisms that survive are better adapted to the
istics that give them a competitive advantage. Selection help
ival of the species, and depends upon

n that individual
n is @ process

reases in
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}
0 the nature of the mutant allele and the

le is dominant, it will appear in the
essive, as is the case with most
ous state. Because the chances of

The extent and timing of selection depend upo
degree of effect it has upon the phenotypic trait. If the alle
phenotype and be selected for or against. If the allele 1s rec
mutants, it will not be selected until it appears in the homozyg ‘ o9
this occurring are slight, therefore the allele may be lost from the gene pqo! before APPCAnNg
the homozygous condition. A recessive allele may persist in & given environment unn.l changes
in the environment occur and it may express as a domunant one in these c.hangcd environment.
These effects would probably appear first in the heterozygote and selection would favour its
spread throughout the popultion , as in the case of sickle cell anemua.

a population if it occupies a
is strongly selected for. In this
with another mutant allele to

A recessive mutant allele may spread rapidly through
position (locus)to a functionally important dominant allele which
linked condition the chances of the mutant allele combining
produce the homozygous condition are increased.

The influences of a given mutant allele can vary. The mutations affecting alleles
controlling important functions are likely to be lethal and removed from the population
immediately. Evolutionary change 1s generally brought about by the gradual appearance of many
mutant alleles which exert small progressive changes in phenotypic characteristics.

Types of Selection

There are three types of slection processes occurnng in natural and artificial
populations. These are: i stabilising selection: ii. directional selection; and iii. disruptive
selection. -

iy Stabilising Selection
This operates when phenotypic features coincide with optimal environmetal conditions
and competition is not severe. It occurs in all populations and tend to eliminte extremes from
population.

Many species of plants produce flowers at a particular time of the year triggered by
changes in the day length. Individuals which flower earlier or later than the average are often far
apart and may fail to attract pollinating insects. Bees. for example collect nectar selectively from
flowers which are abundant. Therefore, individuals which flower at other times are less likely to
be pollinated and will leave fewer oftspring in the next generation. Stabilising selection ensures
that the majority nf'mdiv?duals of a particular is‘pecies. will continue to flower at approxinilﬁdy
same time.

g Human infant mortahty provides another example of stabilizing selecti
body mass at birth 1s 3.6 ky. Babies which are heavier than this, as well as
lighter, show an increased mortality. Thus, babies of average size ;m docil
either extreme are not slected. although improvements in medical t WORRE
more likely. : :

o

StaNhsing selection pre.smm do not pm evoluti
phenotypic stability within the population trom neration

-~
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This form of selection
condibons. It operates on the rang ofesl e my::’":lcth‘“ g
int

pressure Which moves the mean Phenotype towards one p

Mi\w comncrdes with the new
oplimum env :
ke over. Thas results in a ¢ environmental ¢

radual changes in environmental
he population and exerts selection
henotypic extreme. Once the mean
\ onditions stabilisation selection will
ationships & Baly 40 have evol\‘:dpl::nt:gpe In one particular d?rcc?ion, Most predator-prey
e sscoesshul in Kilking prey foike way. The (_‘h('emh which is faster is more hikely to
R V6. B1Y), W the anrelope which is faster more likely to evade capture

Selection wall always act mn the direction of increased speed ) e

— ?:;hk::" 0:::\ :‘:uhm brings about e\'(?lutmnar_v changg by producing a selection
e R S the increase in frequency of new alleles within the population. Directinal
selction forms the basis of artificial selection where the selective breeding of phenotypes
showing desirable traits increases the frequency of those phenotypes within the population.

ii. Disruptive Selection

This 1s rarest form of selection but can be very important in bringing about
evolutionary change. It leads to emergence of two distinct phenotypes. Fluctuating conditions n
an environment, for example season and climate may favour the presence of more than one
phenotype within a population. Selection pressure acting from within the population as a result
of increased competition may push the phenotypes away from the population mean towards the
extremes of the population. This can sphit the population into two sub-populations. If gene flow
between the sub-populations is prevented, each population may give rise [0 @ new species.

Pacific salmon (a fish) breed only once wn its lifetime. The spawning males, can hc of
two types. Most males are large and aggressive and fight vigorously amongst themselves for a
pmmnn close to a female. However. in many populations, a proportion of much smaller males,
called “jacks", ascend the niver and hecause of their small size, sneak between the rocks of the
nver bed until they are close to & spawning female. When female rglascs her egEs, these males
release sperms and may be successful fertilizing upto to 40% of the oftspring. Males of an

intermediate size could not compete effectively with either of the exisitng types.
form of selection can wive rise to the appearance of different

S this ;
e phenomenon known as polymorphism.

phenotypes within a population, &

lmensny e it th pulation varies at different times and in
\ ! ' ation varies at ditter
The intensity of selection pressure Wi n & po

: by changes i external or internal tactors. The external
att?;g:: Mm:fnh:“:‘:,:c:mzd‘tm or pathogens or competition from otl‘\er species
for fo;d s b'::" : space In the case of animals: and Ii-_ght. water and minenl slats in _!he case
of plants. C “::‘ climatic conditions 0 the state ot h.uh:w.m. whmh‘orgumm hive m
""““nev;selncl‘m NEAY |malﬁetomsuchlsmpldlncmse|nthcs,uof Jation can
Tesult in incransad c'"*m’,,n-m‘ for environmental resources. As the populaty :

predators. Pathogens are more casily tranm

::m“n“mlwrsofplwitesuﬂ
organism as the host _. ‘
may not only affect the mtensity of the selection pressure
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One result of increased selection pressure 18 that it may cause Organisms o becom,
specialised to certain modes of hfe or narrower environmental conditions. This may b ,
disadvantage for the future of that species. [nereased unitormity and d‘fr_"‘"d‘:"cy by a Specie,
mcreases the likelihood of that species hecoming extnct should environmental conditign,
change. The tossil record contains many extinct organisms that were hizarre and overspecialiseq
selection pressure usually has the opposite effects
those described above. It may be produced by an absence of predators, pathogens, parasites ang
compeling species Or an increase in optimum environmental conditions. These cnditions are
usually tound when an organism i1s introduced nto a new environment. [t 15 condition such a
these which are believed to have tavoured the idversity of finch species tound on the Galapagos
island.

A reduction in the ntensity of

ARTIFICIAL SELECTION

A process very similar to natural selection used to produce animals and plants which
can be used by humans for their own purpose is called artificial selection. In artificial
selection humans exert a directional selection pressure which lead to changes in the allele and
genotype trequencies within the population. This is an evolutionary mechanism which give nse
to new breeds, strains, varieties, races and sub-species. Humans used this process long before
anvthing was understood about genes, alleles, natural selection or evolution. Darwin used
evidence trom artificial selection to account for the mechanism that brings changes in species In

- matural populations.
The basis of artificial selection is the isolation of natural populations and the selective

breeding of organisms.

Selective Breeding

Individuals showing one or more of the desired features than the other organisms are
chosen for breeding. Some of the alleles controlling these features pass on to their next
generation. Apain the best individuals from this generation are chosen for breeding. Over many
generations, alleles controlling desired charactenistics  increase in trequency. while those

controlling undesired characteristics by the breeder will decrease in frequency, “or lost entirely-
This 1s called selective breeding.

The aims and objectives of selective breeding include:

a. increasing yeild and nutnitive value of crop plants;

b. increasing the growth rate, meat production, milk yield and egg production
livestock;

£, improving the performance of various animals such as r

domestic pigeony;
d. pmdugmg new combinations of colours and scents in gar

r TS B Pl Bl | P e ==

o

1
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g producing plants and animals
£ plants and animals that are tolerant ot environmental chances . for

example, temperature or water supply.

Both evolution and selective breeding

result from changes in allele frequencies with
fme. The selection pressure 1 evolution 1 A |

natural selection, while the selection pressure in
tive breeding 1s the artificial selec : ' 4 :
dective breeding 1s the artificial selection that results from the breeder's choice ot parents.

Types of Selective Breeding

Selective breeding may be: i. inbreeding and ii. outbreeding.

i. Inbreeding

Artificial selection often involves breeding closely related organmisms together. ftor
example between oftfspring produced by the same parents. This is called inbreeding. Plants such
as wheat, pea and romaroes, that normally selt pollinate are natural inbreeders; while the
plants that cross pollinate are called natural outbreeders. for example maite. apple and
sunflower: In animals inbreeding is common in the breeding of show animals such as cars and
dogs. Inbreeding is used by livestock breeders to produce carrle. pies, poultry and sheep with
high yields of milk, meat, eggs and wool respectively.

Prolonged inbreeding resuit in a reduction in size and yield. and loss of vigour and
fertility. This is called inbreeding depression.

ii. QOutbreeding

Outbreeding is particularly useful in plant breeding. but is also used In commercial
production of meat, eggs and wool. It involves crossing members of different varicties or
strains, and in certain plants between closely related species. The oftspring s called hybrids (F
hybrids) and they show advantages such as increasd fruit size.and number, increased resistance
to disease and earlier maturity. The phenomenon is called hybrid vigour or heterosis.
Hybridisation in maize has increased grain yield by 250% over the parental plants. Double-cross
hybridisation, i.e.. crosses between hybrids from two inbred strains, ex@ibit more vigour and

economical.

Increased vigour results from increased heterozygosity which anses from gene nmuxing.
Each homozygous parent may pOssess some of the dominant alleles for vigorous growth,
whereas the heterozygote will carry all the dominant alleles.

Selective hybridisation results in polyploidy which can lead to the production of new
species.

NATURAL SELECTION

The hypothesis of natural selection postulated by Darwin was based upon histonieal
background. According to Darwin the tme span involved in the evolutionary change n a
population was such that it cannot be observed directly, therefore only the evidences can support
it. However. recent advancements in the fields of industry. medicine and technology has caused
s0 much directional and disruptive pressures that it has resulted in dramatic changes  These
changes in phenotype and genotype of populations can be observed very easily within days

A few examples are discussed below:
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Industrial Melanism R

Since industrial revolution in the early part of the nineteenth century, air pollution of ‘
gases such as sulphur dioxide from burning coal and solid matter mainly soot (Cvﬂal black) was f
distributed over the industrial towns and cities and surrounding country side in United
Kingdom. It resulted in killing of lichens and mosses growing on brick-work and tree trunks,
Upto 1848 all the reported form of peppered moth (Biston berularia) present in these areas was
creamy-white with black dots and darkly shaded areas. In 1848 a black form of moth was
recorded in Manchester, and by 1895, 98% of the peppered moth population in Manchester was
black. Within the last 100 years darkened forms of about 80 species of moths have appeared in
varying frequencies throughout the United Kingdom. This rise in the proportion of darkened

torms is known as industrial melanism. {{?
rﬂg o

( ) Biston betularia ny

Meg

. Biston betularig

carbonaria

The distribution of melanic and non-melanic forms
of Biston betularia in the British Isles in 1958. (After H. B. D.
Kettlewell (1978) Heredity, 12, 51-72))

The black melanic form arose as a result of random mutation, but its phenotypic
appearance had a strong selective advantage in the industrial areas. The moths fly by night and
during the day they rest on the trunks of trees. The birds feed on these moths. The normal non-
melanic form (creamy white in colour) of moth is extremely well camouflaged as its colouration
merges with that of the lichens growing on the trunks. But due to rapid industrialisation the
lichens were killed because of sulphur dioxide pollution and bark of trees was exposed and  °
turned black due to soot deposits. It was observed that population of melanic form increased in -,
polluted areas than non-melanic form because they were better camouflaged in changed
environmets. '

scannea with tamscann
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he colouration in s. The
| epper "
Pepp ed moth is controlled b)’ a single gene with two alleles

( C ation 1s du
Jark coloura e 10 prese ; :
cC or Cc alleles are mdani‘:: dﬂce of a dominant melanic allele C, Therefore, th Ahswith
and moths of genotype ce a | ; refore, the moths
re.non-melanic.

[ndustrial melanism is a classical

selection pressure produced by the a‘mO*Phcr:cd;:)pl:ct_‘” evolutionary change due to directional
; ution.

Polymorphism

The organisms th ist i
‘ at ex ; B L ;
polymorphism. It is defined as ;.St in two forms in significant numbers are examples Of
PO app“ed Ny L S the epstence of two or more forms of the same species. It can
, morphological and behaviourial characteristics.

There are two forms of polymorphism:

a. Transient polymorphism

n this cas orm is ez ) : :
, ]_ o :C‘O"C f"”“ 3 gfddually replaced by another. The frequency of the phenotypic
appearance Of cac form 1s determined by the intensity of selection pressure, such as the melanic
and non-melanic forms of the peppered moth. It applies in situations where one form Is
gradually replaced by another.

b. Balanced polymorphism

In this case both forms coexist within a population n equilibrium. For example, the
existance of male and female sexes in animals and plants. The genotypic frequencies of various
forms exhibit equilibrium since each form has equal selective advantage. A. B, AB and O blood
groups in humans are examples of balanced polymorphism. The genotypic frequencies within
different populations may vary but they remain constant from generation to generation wihin the
population. This is because none of them have a selective advantage over the others.

Lead Tolerance

A. D. Bradshaw and others have studied the grasses that grow on small areas of land
around the lead mines (mine tailings) in Wales. The soil in these areas is rich in lead, copper and
other unusual materials that are toxic to plant growth, therefore, the land is almost bare. The
few kinds of plants growing there include bent grass, Agrostis tenuis. Bradshaw compared the
growth patterns of Agrosris plants taken from nearly pastures and areas where lead is not
abundant in the soil with those 0

f the plants from the mine tailings. He grew plants taken from
the two different kinds of soils side by si

de in samples of both soil types.
In normal pasture soil, the plants from the mine area were smaller and grew more
ey did survive. In the altered environment of lead-

slowly than the ordinary pasteur plants, but th Irviv |
rich mine soil, the plants that Bradshaw had collected from the mine area grew well. In complete

contrast, the pasture plants Were. with a few exceptions, unable to grow in the mine soil, most
of them dying within few months. The exceptions, howere. were significant: in one sample of
60 plants from a pasture, 3 showed some ability to grow in the lead-rich soil. Such plants were

undoubtedly the kind from which those that could grow in the mine soil had been selected
.o of bent grass that was able to grow well in lead-rich mine soil

originally. In this way, @ race Lanat g s ,
evolved, the altered environment selecting in favour of individuals tolerant of high levels of

lead.

Scannea with L;amS’C'ﬁ"’nnt



488  Principles of Botany

Because plants able to grow on lead-rich soil are found 1n association with mines legy
than a century old, the populations of Agrostis renuis clearly are able to gvotvc. 1.e., change
their genotypic frequencies, quickly when the environment demands it. Similarly rapid changes
have now been studied for other populations of organisms.

Antibioitc Resistance in Bacteria

Many diseases are caused by bacteria. Before 1940, when penicillin_ was discovered,
bacteria were a major cause of death. Wounds, for example. often hecame infected ‘hy bacteria
which could spread into the blood system and cause death by blood poisoning. Penicillin is an
antibiotic, a chemical which kills bacteria inside the body but does no harm to a PesoRsia
cells.

The use of antibiotics has introduced new selection pressures within bactenal
populations. Like all organisms, bactena vary from one another. Some individuals in a
population, for example. may carry a gene which confers resistance to an antibiotic such as
penicillin. These resistance genes are often present on a plasmid rather than on the main DNA
molecule in the cell. If a person takes penicillin, then any such individual bacterium has a
considerable selective advantage over the others. The non-resistant individuals will be killed, but
the resistant bacterium will survive. It can then reproduce rapidly, producing a whole population
of bacteria that also contain the gene which makes them resistant to penicillin.

This has happened many times. Penicillin acts by inhibiting the synthesis of some parts
of the bacterial cell wall. Some bacteria have genes with code for an enzyme called bera-
lactamase which can break down penicillin and other antibiotics with a simular chemical
structure. Other resistance genes may work by affecting the structure of proteins in the
hacterium's membrane, stopping it from taking up the antibiotic at all, or by pumping it out

after 1t has been taken up.

The pharmaceutical industry has a tremendous problem in trying to produce new
antibiotics faster than bacteria evolve resistance to them. Most antibiotics have been developed
from chemicals which are naturally synthesized by tungi which live in soil: the fungi use them
to prevent too many bacteria living and feeding close to them, as the bactena might compete
with the fungi for food. Now this source seem to have been almost exhausted and researchers are
lookihg clsewhere. Frog skins might prove to be a fruitful hunting ground, as might
microorganisms living in unusual environments. However, in the end bactena are always likely
to dcvclnp_ resistance to whatever antibiotics are used, and 1t will be a constant struggle to keep

ahead of them.

EVIDENCE FOR EVOLUTION

. . . ' . . .
According to theory of evolution, organisms living today have anisen from earlier types
of organisms by a process of genetic change that has occurred over a period of several billion
years. The fact that all organisms have arisen from a common ancestor explains why they have

the same mechanisms for the storage and utihzation of genetic information, many of the same

types of cellular organelles, and similar types of enzymes and metabolic pathways. At
time the evolution also explains how a single species can give rise to numerous
leading to great biological diversity. The evidence supporting the evolution have
fields such as paleontology, comparative anatomy, embryology, bioch o
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Yue over the mechanisms of evolution,
a single common ancestor.

piolog) and hngmgraph_x. While the biologists may
hey 3T that'all life descended with modification t';cw:\r

£VIDENCE FROM PALAEONTOLOGY

Palaeontology is study of fos .
created when organisms become buried ins of life from the past. Fossils are
mineralized, and the sediment : in sediment, the calcium in bone and other hard tissue 1s
organism, hard skeletal stmcml";S "Wﬂ::lla lly converted into rock. They may nclude entire
fossilized faecal pellets. s and casts, petrifications. impressions, imprints and

The m_d"ut evidence of evolution 1s provided by the fossil record. although it alone
js inadequate to support an evolutionary theory, but it \'l-lppnrl.s a that there is p}ng&._\.m, -
|ncrease 1n complexity of organisms and denies that species do not change. By dating t!;c rocks
by measunng th':‘dcgw': of decay of certain radioisotopes present in the rock. we can :.‘c'l an i1dea
how old the fossils are. When these fossils are arranged according to their age. r'mn; oldest to
youngest, they often provide evidence of progressive evolutionary change in the direction of
greater complexity. For example, it has been observed that bony bumps on the nose of hoofed
mammals changed progressively into large blunt horns. SlmllarI;’ in the evolution of horses, the
pumber of toes on the front foot is gradually reduced from four to one. '

Archaeopteryx -— An example of Fossil Evidence

It is one of the best known fossils discovered in 1861 in a limestone quarry in Bavana,
Germany. The skeleton suggested that animal had been a bipedal dinosaur, imprints of wings
with feathers suggested that it 1s a bird. therefore it was named Archaeopreryx lithographica
(archaeo = old + preryx = wings). It was determined that it hived 150 mullions years ago in the .

forests of central Europe. It differs from modemn birds in having teeth, a long tail contaiming
over 20 vertebrae, free-floating ribs, and wings containiny movable fingers with claws. All these
characteristics resemble small, camivorous repriles called theropods. Therefore, Archaeopreryx
provides evidence of an evolutionary pathway leading from reptiles to birds.

Fossil Plants
ar about 410 mullion years old. Within the next 100

The carliest known fossil plants .ol oy
million years, plants became abundant and diverse. eventually forming extensive forests. During
carboniferous period (360 to 286 millions years ago), these forests tormed many of the great

coal deposits that we are consuming NOW. In these coal deposits, we have a relatively complete
nitive seed plants that had made ancient torests. The

record of the horserails, ferns and pri _ .
Permain period was cool and dry and provided ecological stress and a chance tor evolution,
The conifers. a group of seed plants NPI'O-W“""‘ today by pines, spruces, firs, and similar rrees

riod, Seed-bearing plants with teather-like leaves, similar to

and shrubs, onginated duning that pe  fea |
living yeads were abundant 10 the Mesozoic era. The oldest fossils of flowering plants or
angiosperms are from the carly Cretaceous period about 127 million years ago. They become
dominant and diverse on land about 100 million years ago. The insects are considered to be
(coevolution), because as the flowering plants became more

evolved alongwith flowering plants . _
diverse so as the insects. The feeding habits of insects were closely hnked with the
characteristics of flowering plants. All the other dominant groups of land organisms including
mammals. birds and fungi are thought 10 have evolved their charactensties largely in relation to
those of the flowering plants. a7

Scanned
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Pollen Analysis

A large number of pollen grains and spores (microfossils) are found prgserved in peat
and in lake sediments. They have an extremely long geological life, especially |f.they becqme
rapidly submerged below the water table. The outer part of the wall of a pollen grain, th‘_’ CRIC;
effectively resists decay. The general shape of grains and spores and sclupturing of their outer
surfaces are used by palacobotanists to identify them, sometimes to species or genus and
sometimes to family. Studies of pollens found in sediments can throw light on the klnq of
vegetation that prevailed in the area in the past. The oldest known spore is from Silurian period,

more than 450 million years old; and oldest pollen fossil was formed in Carboniferous period,
about 350 million years ago.

EVIDENCE FROM COMPARATIVE ANATOMY

Comparing the structures of the parts of the bodies of different organisms is probably
the most commonly used evidence of evolution. In order 1o gather comparative evidence for
evolution, biologists study extermal characteristics, examine bones and teeth, dissect organ

systems, study sections of tissue under the light microscope, and examine finer details of cells
and tissues under the electron microscope.

Homologous Structures

Comparative anatomy reveals that cerfain structural features are basically similar. For
example, the basic structure of all flowers consists of sepals, petals, stamens, stigma, style and 3
ovary; yet the size, colour, number of parts and specific structures are different in different
specics. Similarly structural pattern of limb in all tetrapods, from amphibians to mammals. is
simular. It is called pentadactyl limb. This basic pattern has been modified in several ways in
different organisms.

} carpohs " humerus
ore _ulna
(runming) (lused with)
metacarpals 4 humeius d
1 rads
» pmery =Y L e - _carpals
metacarpal - rudimentary metacarpals
(1 cannon bone) (2 splint bones)
| phalangcs fetlock
radus paslrrm } phaiange
J —_ulna
Human

s
(manipulating) 32
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For example. bones in forelimbs of horse are modified into legs used for running, in
hale 10tO ﬂlth‘rs .used for swimming, in humans into arms for manipulating, and in bat into
wings meant for flying. These are modification of a primitive skeletal pattern that was present in
carly terrestnal vertebrate ancestor. Organs having a similar basic pattern but modified into
different forms to perform characteristics functions are called homologous structures.

Other homologous structures are: ear osicles; halteres, the hind pair wings of most
jnsects modified into _mdﬁ- which help to maintain balance in flight; and pericarp, the ovary
wvall modified 1n a variety of ways to help dispersal of seed, etc.

Vestigeal Structures

Certain homologous structures in some species have n _
described as vestigeal organs. For example, the underdeveloped pelvis and leg bones In .vrrkae.s'.
the diminished toe bones in horses and the appendix and coccyx in humans. The non-ﬁfnctl_nnﬂl
pelvis and leg bones in snakes are thought to be homologous with the hip hqncs fmd hlndllmps
of vertebrates, The appendix 1s shortened caecum which contains cellulose-digesting enzyme "}
herbivores and coceyx represents the tail possessed by our ancestors. Presence t:’f&:'ﬁf:f::;
organs is a sirong evidence for evolution. If species had been created as they are 104a),

would be no explanation for such structures.

o apparent function and are

B Horse

A Snake

_ Small intestine

R |  Large intestine
{ _Appendix

" —\+— Rectum

Fig. 35.2: Vestigeal organs.

Adaptive Radiation
: f orgams e ; ey
When a group OF 98 C Lt illustrates a principle known as adaptive radiation.

ms share a homologous structure which is differentiated to
{ } - difterent , : v
l;el:fz?: a:. :.:Lwt:ZI ;:gi:\g to a particular class share a number of diagnostic charactenstics. The
e, O ies withi . enable them to adapt to different habitats.
e Boruoan difcaaEICER it fhe Cjess e to adapt to different hahitats.
o - e of insects consist of the same basic structures: a lab

For example, the : :
lip). @ ,,'l’f;'f,f andibles, a hypopharyax (floor of the mouth), a pair of maxy
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; ~ qartety of foo
(tused second pair of mandibles, lower lip). Insects are able to feed upon a varie );1 § d
A - ‘hereas the others

materials because some of these strucutures are enlarged and modified, “hSFN i ;
. ‘ e T ad: ¢ abihity hav
reduced and lost. This produces a variety of feeding structures, This adaptive ] ¢

enabled the insects to oceupy of wide range of ecological nmches.

Analogous Structures

Similar structures, physiological processes or modes of life in organisms that d{ff erin
their structural pattern but show adaptations to perform the same functions are d”“"’bed ot
analogous structures. For example, eyes of verrebrates and cephalopods, the wings of insects
and bats, the jointed legs of insects and vertebrates, the presence of thorns on plant stems and
spines on animals, and the existence of vertebrate neurotransmitters such as acetylcholine.

Analogous structures only bear superficial similarities. For example, the wings of

insects are supported by toughened veins composed of cuticle, whereas both baty and birdy have
hollow bones for support. The embryological development of the cephalopod and \-m're'hr_tfll’
eyes is different. The former produces an erect retina with photoreceptors facing the S
light, whereas the latter has an inverted retina with photoreceptors separated from incoming light
by their connecting neurons. Thus, the vertebrate eye has a blind spot which is absent in
cephalopods.

The existence of analogous structures suggest convergent evolution. In this type of
evolution, the environments act through the agency of natural selection, favouring advantageous
vanations.

EVIDENCE FROM COMPARATIVE EMBRYOLOGY

Adult fishes, salamanders, turtles, birds and humans. bear no resemblances to one
another, yet study of development of their embryos (embryology) show striking structural
similarities occurring during cleavage, gastrulation and the early stages of differentiation. This
strongly suggests the development of these groups from a common ancestor present in the past.

Examination of embryos and fetal stages of vertebrate groups reveals that it is
impossible to identify the group to which they belong. It is orily at the later stages of
development they begin to resemble their adults. The common features shown by all vertebrate
embryos include:

a. The presence of external branchial grooves in pharyngeal region and a series of
internal paired gill pouches that join to form gill slits in fishes. In other
vertebrate groups Eustachian tubes and auditory canals develop from these.

b. The presence of segmental myotomes in the tail-like structure which is retained
In certain species only.
o A There 1s a single circulation which includes a two chambered heart showing no
separation into right and left halves. This kind of heart is retained by fishes
-only. .

This suggest that all vertebrate groups had a common ancestor. The organism
retained the developmental mechanisms of their ancestors. Later part of development is 1
because of adaptations to different environmental conditions and modes of‘léh It ha
observed that the organisms having common m"h"““’lﬁtmw 3

embryological developmental phases.
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logical development as shown hy examples from three

Fig. 35.3: Stages in embryo
vertebrate classes.

A classical example of cmhrynluglcal 'cw'dcncc Is presence of nipples in males
proposed by Stephen J. Gould recently: Male and tcmlc mammals of a species pass through
identical stages of embry© development. The male and female development diverge at the time
of secretion. Of sk BOINORES Nipples are present 10 '“"'l"’_‘ betore the time of sexual
differentiation. Later cexual maturation leads to changes in the female breast and nipples. The

male nipples remain as (he vestige of an embryonic structure.
The evidence of pmgrcwvc development on the basis of embryology can be seen b
plants as well, but the examples are Jess, The g;unelnphytes of primitive mosses and ferns are
represented by prmunema pre uced by QoS o g has a simular structure,

th to filamentous green algae, from which they thought to be

physiology and pattern of grow

evolved.
Alternation of geneﬂlli"ﬂ in plant life cycles and homologous vanations n 1t are
adaptations to VArous environmental conditions.  For example
L]

considered to be due 1©
wroup inhetween land plants and plants which sull requires water

RNMHOSpErmys are regurdvd as a prt’ o
for tertilisation. In CY€ds: the male gametophyte resemble pollen grains of angiosperms in that |

i distributed by wmd As 1t develops. pollen tube 1 tormed, but instead of carrying game
act ax aiersam or SOIPUCE of food. The gametes are flagellated and swim to ov
The Cvcas therefore represents intermediate group of

fertilis - . there.
thse the egy prc@li‘ © are adapted to a ditferent environment and are

D netween mon-vacular plants and angiosperms. Manyief] h

e represented by fossils

-
e
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EVIDENCE FROM COMPARATIVE BIOCHEMISTRY

As techniques of biochemical analysis have become more precise, this field of research
provided evidences for evolution. The occurrence of similar molecules in a complete rane o8
organisms suggest the existence of biochemical homology in a similar way to the anatomical
homology shown by organs and tissues. Most of the research which has been camgd out on
comparative biochemistry has involved analysis of the primary structure of widely dlst.nbute.sd
protein molecules, such as cytochrome ¢ and haemoglobin and most rcc::ntl‘)’ nucleic a-ud
molecules particularly rRNA. Slight changes in the genetic code as a result of gene mutation
produce variations in the overall strutcture of a given protein or nucleic acid. It can be assum.ed
that fewer differences in the molecular structure and fewer mutations result in greater affinity
between organisms containing the molecule. While large differences in the molecular_ structure
represent large differences in the DNA, therefore the organisms are separated and exhibit fewer
anatomical homologies.
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Key to amino acids
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.\-urmundcd by polypeptide chain contai
spectes. The primry structure of this
including bacteria, fungi, whear, silio

ning betw ; - :

pmtim X f?en 104 and 112 amino acids, depending upon
’ as been worked out for 21 different organisms
-peerved thatin Z0Sousaf Sty o e N BUEARAG tangaro and pttess-ClCyon boen
gequence for cytochrome ¢ of'l Bl oo ichal e A
.nmnk('\' by only one amino l“.m"m". and chimpenzee is identical and differ from the rhesus
cvtochrome ¢ have produced i;ud. The computer study based on amino acid sequences of
y _ ¢d plant and animal phylogenetic trees which show close agreement
with phylogenetic trees based on anatomical homologies e

Simul sults : 3
1 .ar're\sults hfwe been obtained from the study of the globin proteins, haemoglobin
and myoglobin involved in oxygen transport and storage

Another example of biochemical homology is the presence of similar hormones in
vertebrates where they carry out different functions. For example, a hormone similar to
mammalian prolactin occurs in all vertebrates groups where it is produced by pituitary gland. In
all these groups it is involved in osmoregulation and reproduction. -

EVIDENCE FROM COMPARATIVE MOLECULAR BIOLOGY

Until recently, biologists had to rely solely on phenotypic differences among Organisms
to assess evolutionary relatedness. With advances in DNA technology. evolutionists can now
focus directly on differences in genotypes. the source of biological vanations.

The entire technology used in the formation of recombmnant DNA 1s based on the
universality of the genetic code. DNAs from diverse sources such as humans, viruses and
bacteria can be spliced together to form a single, continuous DNA molecule. This recombinant
DNA can then be introduced into a host cell, usually either hacterial or mammalian cell. Once 1n
the host cell, the human DNA will direct the formation of a human protein that 1s
indistinguishable from the same protein produced by human cell.

The DNA recombinant technique has been used by evolutionary biologists. Mutations
can lead to changes in the nucleotide sequence of DNA. These changes can serve as the raw
material for biological evolution. Since mutations in DNA occur continuously over time, the
longer the amount of time that passes since two organisms diverged from a common ancestor,
the greater the differences in their DNA sequences. Molecular data has been used to deternune
that humans are more closely related to chimpenzee than gonllas. The molecular data have alos

heen used to resolve evolutionary cont
2 .. The Use of Molecular Data in Studying Evolution

roversies.

What is a Bat

There are two major groups of bats:

a. The microchiropiera, which incldues bats commonly seen at might. This group

includes more number of bats and members feed upon insects, frogs, ete.

b. The megachiropiera. also called flying foxes because of their fox-like faces. These
teed upon tood and hive in tropics. .
Bats are highly specialised tor flight, and many of the features reveal that their close

relatives have been modified almost beyond recognition because of natural selectic 3

resulted in debate ameng hiologists over the evolution of bats. One g
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deternuned that the skeletal evidence pointed to a close relationship b ‘::t’" 1”,:;:\:,"::\::::::“
and megachiroptera and that both groups wre distantly related 1 Nat mepichicapie i
claimed that evidence derved from studying nervous system ”“]“"“M_ ‘1 -'t.nl ~’\||;ll| late 190 lm
primates were closest relatives. There seemed to be no data to solve .”“ S 20 ~\‘ les tor nboso : t‘
which time molecular hrologasts determined the sequence of the DNA that codes & e

‘ cachiroprera and the pramares, The moleculyr
RNA of all the three groups, microchiroptera, megachiroprera and the

: S AT wed closest relatives,
c\'ldcncc \hu\\c\l lhal the "“('N't‘hl.’("’)M'"(l and_ﬂ\‘l'lg‘_ft'\f\ Were ll\\l\

Fig. 34.4: Evolution of Bat.

EViDENC E FROM BIOGEOGRAPHY

Biogeography is study of geographical distnb
natural selection 1s hased upon observations he made
that species tound on oceanic islands were not tound

were tound on a particular 1sland 1n the chan and vaned from one sland 10 the next. Darwin
observed that different species of Jinches iving on different Islands possessed different anatomic  »
features. Their beaks were moditied for obtaining  ditterent types of toods, but birds were

similar in their overall anatomy. both to one another and to Species tound on the mamland.
' individuals from the munland species had migrated to the ilands, where,
given the absence of competition from other birds, they had

evolved into a vanety of difterent
species adapted to difterent local conditions and tood s \ W

ution of erganisms. Darwin's theory of
n the Gulapagos islands. Darwin tound
anywhere else in the world. In tact, many
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EVIDENCE FROM SYSTEMATICS

The branch of biology dealing with naming of organisms and their arrangement into
groups and sub-groups is systematics. The system of naming and classification was proposed

by Linnaeus before the time of Darwin, but has implications for the origin of species and and
evolutionary theory.

Evolution implies that species have common ancestors and that livirg things originated
at some remote time in the past. The structural similaritics among organisms suggest the
existence of evolutionary process. The evolutionary history of related groups of organisms is
known as phylogeny. In classifying living organisms an attempt is made to base on evolutionary
relationships. This system of classsification is called natural or phylogenetic classification.
The similarities and differences between oragnisms may be explained as the result of progressive
adaptation by organisms within each taxonomic group to particular environmental conditions
over a period of time.

Within different schemes of classification, some of the groups show similar levels of
structural complexity. The members of such groups are derived from more than one ancestral
forms and are said to have a polyphyletic origin. For example, it secems that the members of
Protozoa are polyphyletic, their only common feature being that they consist of a single cell.
Similarly Arthropoda incldues very diverse sub-groups such as the insects, spiders, crustaceans,
_millipedes and centipedes. On the other hand, all organisms belonging to angiosperms produce '
seeds inside an ovary. Also all of these show double fertilisation in the embryo sac. These
features suggest that they have a common evolutionary history or monophyletic origin. The
classification in these is based on homologous structures. .

The ability to classify a significant proportion of of living organisms within a
phylogenetic scheme is evidence for evolution.

Scanned with CamScanne



