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Introduction



Evolution (307) is a first semester course. It tsva credit unit compulsory course which all
students offering Bachelor of Science (BSc) in 8gyl must take.

Evolution is an important area of study for sciststi It is described as series of changes
across successive generations in the heritableactesistics of biological populations.
Processes in evolution give rise to diversity argvevel of biological organisation, which
include species, individual organisms and at théeoudar level, such as proteins and DNA.
Since this course evolution involve changes acgeseration of life (either plant or animal),
we will focus on the various heritable characterssin evolution of both plants and animals
and how their genetic make-up supports their excste

This course deals with the historical concept obletwon, Population genetics, and gene
frequency/equilibrium. Hardey Weinberg Principleglynorphism, Mutation; origin and
types. Polyploidy, isolation mechanism, adaptatiornigin of life; evolution of organic
molecules, Polymer synthesis, origin of speciesidéhce of evolution; fossils (carbon
dating), comparative anatomy, Taxonomy, Compardiieehemistry, physiology,
immunology, cell biology. Evolution of the plants)e of oxygen, multicellular development,
Phylogeny and geological periods and epochs.

What you will learn in this course

In this course, you have the course units and aseoguide. The course guide will tell you
briefly what the course is all about. It is a geh@verview of the course materials you will
be using and how to use those materials. It alfssh@u to allocate the appropriate time to
each unit so that you can successfully completediese within the stipulated time limit.
The course guide also helps you to know how to lgmuyour Tutor-Marked-Assignment
which will form part of your overall assessmentts end of the course. Also, there will be
tutorial classes that are related to this cour$ereryou can interact with your facilitators and
other students. Please | encourage you to attese tlutorial classes.

This course exposes you to Evolution, a sub-dis@@nd very interesting field of Biology.

Course Aims

This course aims to enable you to know/understdiferent theories of evolution postulated
and genetic basis of evolution in animals and plalated to their development.

Course Objectives

To achieve the aim set above, there are objectiz@sh unit has a set of objectives presented
at the beginning of the unit. These objectives giMe you what to concentrate and focus on
while studying the unit and during your study t@ck your progress.
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The Comprehensive Objectives of the Course arengredow. At the end of the course/after
going through this course, you should be able to:

» Differentiate one evolutionary mechanism from aeoth

e Define biological evolution?

» Explain how theories of microevolution and macrdation related?
* Understand the various mechanisms governing ewoluti

* Explain in detail the mechanisms of evolution.

» Discuss extensively on Isolation mechanisms

» Discuss pre and post zygotic isolation

* How reproductive isolation important to speciateord what forms can it take?
* Explain mutation, its types and what causes it.
» Discuss the outcomes of evolution and how theseoms affect the changes in our

environment, related to species existence.

» Define Population Genetics

» Describe the History of Population Genetics

» Define genetic frequency

» Explain the significance of genetic frequency

* Relate genetic frequency and the Hardy-WeinbengcRilie

» Define the Ecology and discuss its significancEvolution
» Differentiate the types of Ecology

» Define polymorphism

» State and discuss types of polymorphism

» Describe variation and understand the basis foatian: Evolution
* Highlight the importance of natural selection

» Explain genetic recombination



Working through the Course

To successfully complete this course. You are reguto read each study unit, read the
textbooks and other materials provided by the Nati®@pen University.

Reading the reference materials can also be of gssestance.
Each unit has self —assessment exercise which g@wadvised to do. At certain periods
during the course you will be required to submiury@ssignments for the purpose of

assessment.

There will be a final examination at the end of ttwurse. The course should take you
aboutl7 weeks to complete.

This course guide provides you with all the compuseof the course, how to go about
studying and how you should allocate your time asheunit so as to finish on time and
successfully.

The Course Materials

The main components of the course are:

1 The Study Guide

2 Study Units

3 Reference/ Further Readings
4 Assignments

5 Presentation Schedule
Study Units

The study units in this course are given below:

BIO 307 EVOLUTION (2 UNITS)



MODULE: 1 THEORIES OF EVOLUTION
Unit 1: History of Evolutionary Thought
Unit 2: Mechanisms of Evolution

Unit 3: Isolation Mechanisms

Unit 4: Mutation

Unit 5: Outcome of Evolution

MODULE 2: POPULATION GENETICS
Unit 1: History of Population Genetics
Unit 2: Processes of Population Genetics

Unit 3: Hardey-Weinberg Principle
Unit 4: Gene Frequency/Equilibrium
MODULE 3: POLYMORPHISM

Unit 1: Ecology

Unit 2: Introduction to Polymorphism

Unit 3: Examples of Polymorphism

MODULE 4: VARIATION: TYPES AND CAUSES

Unit 1: Evolution and Variation
Unit 2: Genetic variation
Unit 3: Reshuffling of genes

Unit 4: Polyploidy

MODULE 5: EVOLUTION OF LIFE

Unit 1: Origin of Life

Unit 2: Evidence of evolution, adaptation and S$qutémn
Unit 3: Classification and phylogeny

Unit 4: Geological periods and epoch

Unit 5: Evolution of the plants

In module one, unit one and two deal with the mstd Evolutionary Thought and
mechanism of evolution, unit three to five dealhwgolation mechanisms, mutation and
outcome of evolution.



Module Two is concerned with the history of popigiatgenetics as well as their processes.
Application of Hardey-Weinberg Principle in analygipopulation genetics for gene
frequency, sex linkage, equilibrium, and heterotgdoequency.

Module Three unit one to three deal with ecologyitaselated to polymorphism with
examples. Polymorphism is relateddi@diversity, genetic variation andadaptation and is
common in nature.

In Module Four, the first two units deal with Evban and Variation with further
explanation on genetic variation. Unit three andrfoeshuffling of genes and polyploidy is
further explained to understand genetic variatioavolution.

Module Five, unit one and two focused on OriginLdé, evidence of evolution, adaptation
and Speciation in organisms. Classification andqasny, Geological periods and epoch and
Evolution of the plants are extensively discussedniit three, four and five.

Each unit will take a week or two lectures, wiltlnde an introduction, objectives, reading
materials, self assessment question(s), conclussommary, tutor-marked assignments
(TMAs), references and other reading resources.

There are activities related to the lecture in each which will help your progress and
comprehension of the unit. You are required to wamkthese exercises which together with
the TMAs will enable you to achieve the objectifeeach unit.

Presentation Schedule

There is a time-table prepared for the early angely completion and submissions of your
TMAs as well as attending the tutorial classes. Yare required to submit all your
assignments by the stipulated date and time. Afadiithig behind the schedule time.
Assessment

There are three aspects to the assessment obtimsec

The first one is the self-assessment exercises.s€éhend is the tutor-marked assignments
and the third is the written examination or thereixetion to be taken at the end of the
course.

Do the exercises or activities in the unit applyitige information and knowledge you
acquired during the course. The tutor-marked asségns must be submitted to your
facilitator for formal assessment in accordancénliie deadlines stated in the presentation
schedule and the assignment file.

The work submitted to your tutor for assessmentaatount for 30% of your total work.

At the end of this course you have to sit for alfiar end of course examination of about a
three hour duration which will account for 70% oluy total course mark.

Tutor Marked Assignment



This is the continuous assessment component oftthisse and it accounts for 30% of the
total score. You will be given four (4) TMAs by yofacilitator to answer. Three of which
must be answered before you are allowed to sthi®end of the course examination.

These answered assignments must be returned tdamlitator.

You are expected to complete the assignments Ioyg wise information and material in your
reading references and study units.

Reading and researching into the references wi# gou a wider view point and give you a
deeper understanding of the subject.

1 Make sure that each assignment reaches your &oilibn or before the deadline
given in the presentation schedule and assignnientfffor any reason you are not
able to complete your assignment, make sure yotacbgour facilitator before the
assignment is due to discuss the possibility afension. Request for extension will
not be granted after the due date unless thereeg@eptional circumstance.

2 Make sure you revise the whole course content beddting for examination. The
self-assessment activities and TMAs will be usébulthis purposes and if you have
any comments please do before the examination. efae of course examination
covers information from all parts of the course.

Course Marking Scheme

Assignment Marks

Assignment 1-4 Four assignments, best three mdrkkeg
four count at 10% each - 30% of course
marks.

End of course examination 70% of overall coursekar

Total 100% of course materials

Facilitators/ Tutors and Tutorials

Sixteen (16) hours are provided for tutorials foistcourse. You will be notified of the
dates, times and location for these tutorial cleisse

As soon as you are allocated a tutorial group, thme and phone number of your
facilitator will be given to you.

These are the duties of your facilitator:
* He or she will mark and comment on your assignment
» He will monitor your progress and provide any neeeg assistance you need.

* He or she will mark your TMAs and return to yousa®n as possible.

(You are expected to mail your tutored assignmenydur facilitators at least two days
before the schedule date).



Do not delay to contact your facilitator by telepbar e-mail for necessary assistance if

* You do not understand any part of the study incth&se material.

* You have difficulty with the self assessment atigg.

* You have a problem or question with an assignmentwith the grading of the
assignment.

It is important and necessary you attend the taltctasses because this is the only chance to
have face to face contact with your facilitator dachsk questions which will be answered
instantly. It is also a period where you can pomit any problem encountered in the course of
your study.

Summary

Evolution (307) is a course that introduces youhi concepts and principles of how living
things gradually change from one form into anottreer the course of time, the origin of
species and lineages by descent of living formmfemcestral forms, and the generation of
diversity. This emphasizes the appearance of naysigally distinct life forms that can be
grouped with similar appearing life forms in a tagmic hierarchy. It commonly is referred
to as macroevolution. It can also be defined as@bds in the genetic composition of a
population with the passage of each generation.

On the completion of this course, you will have warderstanding of basic knowledge of
historical theories of evolution, population genstigenetic variation, polymorphism and
evolution of life etc you will be able to understiaiine concept behind evolution. In addition
you will be able to answer the following questions:

» Discuss three schools of thought for the Historfeeblution?
* For or against; Charles Darwin’s Theory of Evolaf2o

» State and elaborate on three of these mechanisms?

* What are the different types of mutation?

* How important is mutation to the evolutionary pres®

» Identify keys areas of biological and environmemi@ahservation where a genetic
approach benefits outcomes of management?

» Explain polymorphism and niche diversity?

» Discuss mechanism of balancing selection?

* What are the mechanisms that affect genetic vanati

» Describe polyploidy in animals and plants?

o List 5 probable stages involved in the origin &dH

* The RNA- first hypothesis for the origin of celtssupported by the discovery of--

The list of questions you are expected to answeotdimited to the above list.
| believe you will agree with me that Evolutionawery interesting field of biology.

| wish you success in this course.



MODULE 1: THEORIES OF EVOLUTION

Unit 1: History of Evolutionary Thought
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Unit 2: Mechanisms of Evolution

Unit 3: Isolation Mechanisms

Unit 4: Mutation

Unit 5: Outcomes of Evolution

UNIT 1: HISTORY OF EVOLUTIONARY THOUGHT

CONTENTS

1.0Introduction

2.00bjectives

3.0Main Focus
3.1Different schools of evolutionary thought
3.2Darwin’s theory of natural selection
3.3Modern synthesis of evolutionary theory

4.0Conclusion

5.0 Summary

6.0 Tutor-Marked Assignment

7.0Reference/Further Readings

UNIT 1: HISTORY OF EVOLUTIONARY THOUGHT

1.0Introduction
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Evolution has been described as series of changessasuccessive generations in the
heritable characteristics of biological populatiofAsocesses in evolution give rise to diversity
at every level of biological organisation, whiclclude species, individual organisms and at
the molecular level, such as proteins and DNA. Agpnately 3.7billion years ago, life on
Earth originated and then evolved from a univecsghmon ancestor. The divergence and
repeated speciation of life can be traced throuplarexl sets of biochemical and
morphological traits, or by shared DNA sequencegstiig patterns of biodiversity have
been shaped both by speciation and by extinctidre @heory of evolution by natural
selection was formulated by Charles Darwin, who thasfirst to recognise natural selection

as an important cause of evolution.

2.00bjectives

At the conclusion of this unit, students shouldab& to:

Give an account of the history of evolution,

Describe the different schools of thought of theletronary process,

Differentiate one school of thought of the evolatoy process from the other

Understand Darwin’s theory of natural selection.

3.0Main Focus

3.1 Evolution Pre-Darwin

Contrary to many assumptions, evolutionary thead/ mbt begin in 1859 with Charles
Darwin andThe Origin of Speciefather, evolution-like ideas had existed sineetiimes of
the Greeks, and had been in and out of favour enpriods between ancient Greece and

Victorian England. Indeed, by Darwin's time theadaf evolution - called "descent with
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modification” - was not especially controversialdaseveral other evolutionary theories had
already been proposed. Darwin may stand at thenbegj of a modern tradition, but he is

also the final culmination of an ancient speculatio

3.2 Greek Evolution

Many examples of societies that postulated thehjistf evolution include the Greeks, who
did not specifically refer to their concepts asdletion”, they did have a philosophical
notion of descent with modification. Several diffiet Greek philosophers subscribed to a
concept of origination, arguing that all thingsgimated from water or air. Another common
concept was the idea that all things descended twencentral, guiding principle. Aristotle
suggests a transition between the living and thdiving, and theorizes that in all things

there is a constant desire to move from the loaéne higher, finally becoming the divine.

3.3 Medieval Evolution

Medieval theories argued that all living things eamto existence in unchanging forms due
to divine will, was notably in opposition to thenmept of evolution. Medieval thinking was
also, oddly enough, confused by the idea of sp@utias generation, which stated that living
things can appear fully formed from inorganic matie this view, maggots came from
rotting meat; frogs came from slime, etc. This smiita concept prevented both genetic
thinking and speculation about evolution or desaeitit modification. Nevertheless, a few
philosophers theorized about some sort of teleckgprinciple by which species might

derive from a divine form.

3.4 Immanuel Kant
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Immanuel Kant the German philosopher Immanuel Kimveloped a concept of descent that
is relatively close to modern thinking; he did invay anticipate Darwinian thinking. Based

on similarities between organisms, Kant specul#itedl they may have come from a single
ancestral source. In a thoroughly modern speculatie mused that "an orang-utan or a
chimpanzee may develop the organs which serve dtkimg, grasping objects, and speaking-
in short, that lie may evolve the structure of maith an organ for the use of reason, which

shall gradually develop itself by social culture"

3.5 Biological Conceptions of Evolution.

Preceding discussion has focused on the philosalpb@mponents of evolutionary theory,
but precursors exist for its biological aspectswadl. Indeed, as mentioned above, by
Darwin's time the concept of descent with modifmatvas hardly controversial - it was only
the mechanism, the rate of modification, and themalte origin of life that were being

debated. Darwin's major breakthrough consistedaniging a plausible mechanism to drive

change in organisms.

3.6 Carolus Linnaeus.

Carolus Linnaeus (1707-1778), is considered theefabf modern taxonomy for his work in
hierarchical classification of various organismg.fiést, he believed in the fixed nature of
species, but he was later swayed by hybridizatqreements in plants, which could produce
new species. However, he maintained his beliefpecsl creation in the Garden of Eden,
consistent with the Christian doctrine to whichvisgs quite devoted. He still saw the new
species created by plant hybridization to have lpsghof God's plan, and never considered

the idea of open-ended, undirected evolution natiated by the divine.
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3.7 Erasmus Darwin

Charles Darwin's grandfather Erasmus Darwin (17812) was also a distinguished
naturalist with his own intriguing ideas about extan. While he never thought of natural
selection, he did argue that all life could a haeingle common ancestor, though he
struggled with the concepts of a mechanism for dieiscent. He also discussed the effects of
competition and sexual selection on possible changespecies. Like Lamarck, Erasmus
Darwin subscribed to a theory stating that thearsgisuse of parts could in itself make them

grow or shrink, and that unconscious striving kg dinganism was responsible for adaptation.

3.8 Jean-Baptiste. Lamarck

Jean-Baptiste Lamarck's (1744-1829) theory of giaduvas a good try for his time, but has
now been discredited by experimental evidence hadrtuch more plausible mechanism of
modification proposed by Darwin. Lamarck saw spe@e not being fixed and immutable,
but rather in a constantly changing state. He prtesiea multitude of different theories that he
believed combined to explain descent with modifacmabf these changing species. Lamarck
subscribed to a number of what we now know to keefheliefs about inheritance. First, like
Erasmus Darwin, he argued for strong effects oldeeand disuse of parts, which he thought
would make the relevant parts change size or shmpecordance with their use. Second,
Lamarck believed that all organisms fundamentaigntedto adapt themselves to their
environment, and so they strove to become bettaptad. The belief most commonly
associated with Lamarck today is his idea of theefitance of acquired characteristics. This
theory stated that an organism could pass on toffspring any characteristics it had
acquired in its lifetime. For example, if a man ex&ed and thus developed strong muscles,

his offspring would then have strong muscles dhbir
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3.9 Thomas Malthus.

Thomas Malthus' (1766-1834) theory of populatioowgh was in the end what inspired

Darwin to develop the theory of natural selectidaocording to Malthus, populations produce
many more offspring than can possibly survive am ltimited resources generally available.
According to Malthus, poverty, famine, and diseasee natural outcomes that resulted from
overpopulation. However, Malthus believed that miévforces were ultimately responsible for

such outcomes, which, though natural, were desigyedod.

3.10 Charles Darwin and Alfred Russel Wallace

Figure 1.  Charles Darwin
1809-1882 Alfred Wallace
1823-1913

Charles Darwin and Alfred Russel Wallace both ireefently developed the idea of the

mechanism of natural selection after reading ThoMatthus' Essay on the Principle of
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Population(1798). However, Darwin had been turning the probbver in his mind for some
twenty years before he first publish&de Origin of SpeciesMoreover, Darwin was much
more willing to explore the implications of natursélection, particularly in relation to
humans, than Wallace was. In addition, Wallace washampion of rather radical social
causes and later openly embraced spiritualismelathents that resulted in the downplay of

his role in the discovery of natural selection.

Darwin’s was a part of an expedition on board thé3Beagle in 1831. He embarked on a 5
week visit to the Galapagos Islands in the Ead®artific Ocean. It was there that he made
the observations that eventually led him to comgnehwhat causes plants and animals to
evolve, but he apparently did not clearly formulaig views on this until 1837. At the time
he left the Galapagos Islands, he apparentlylstlieved in a traditional Biblical creation of

all life forms.

b (W e v

Galapagos +— journey out
Islands § +— journey home

:ﬁ' Darwin's Beagle Diary
audio recording of excerpts from
Darwin's popular account of hig
voyage of exploration.

Figure 2.

The Galapagos Islands have species found in nor qthe of the world. Darwin was

surprised that the birds were slightly differerdanfr one island to another. He realized that
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the key to why this difference existed was conreeeteh the fact that the various species

live in different kinds of environments.

Ahingdon

. Townver K“H\
_Ehustor g Bindoe e
James :
@™ L Indeistizable Galapagos
» . ...r Klslands South
Marborough o hiam “ amo TR
Barrington _-—~. o miles
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&
Charles Hood - —

Figure 3.

On his return to England, Darwin and an ornithaoglentified 13 species of finches that he
had collected on the Galapagos Islands. This waggrising since he knew of only one
species of this bird on the mainland of South Acgrnearly 600 miles to the east, where
they had all presumably originated. He observed the Galapagos species differed from
each other in beak size and shape. He notedihdtelak varieties were associated with diets
based on different foods. He concluded that when driginal South American finches
reached the islands, they dispersed to differemtr@mments where they had to adapt to
different conditions. Over many generations, thehanged anatomically in ways that
allowed them to get enough food and survive togepce. This observation was verified by

intensive field research in the last quarter of2@¢h century.

@ Galapagos Creaturesome of the unusual animals that Darwin
saw on the Galapagos islan¥#deo clip from "Evolution:
Constant Change and Common Threads". (HbWWaghes
Medical Institute, 2005)

Figure 4
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Today the termadaptive radiatioms used to refer to this sort of branching evalutin which

different populations of a species become repradeigtisolated from each other by adapting

to different ecological nichel¥ and eventually beemmparate species.

multiple descendant species

extinction

time
divergence

ancestral species

Figure 5

Darwin understood that any population is made uipaiziduals that are all slightly different

from one another. Individuals having variationttgawes them an advantage in staying alive
long enough to successfully reproduce are the tiragpass on their traits more frequently to
the next generation. Subsequently, their traitsotvee more common and the population

evolves. Darwin called this "descent with modifica."

The Galapagos finches provide an excellent examipthis process. Among the birds that

ended up in arid environments, the ones with béakier suited for eating cactus got more

food. As a result, they were in better conditiomtate. Similarly, those with beak shapes
that were better suited to getting nectar from #osvor eating hard seeds in other

environments were at an advantage there. In a realy sense, nature selected the best
adapted varieties to survive and to reproduces plocess has come to be knowmasiral

selection

In 1859, Darwin's publication @n the Origin of Specie=sxplained natural selection in detail
and in a way that lead to an increasingly wide piarece of Darwinian evolution. Thomas

Henry Huxley applied Darwin's ideas to humans, gigralaeontology and comparative
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anatomy to provide strong evidence that humansaged shared a common ancestry. Some
were disturbed by this since it implied that humalnd not have a special place in the
universe. Due to the fact that the exact mode dpraductive heritability and the origin of
new traits remained a mystery, Darwin developedphnis/isional theory of pangenesis. In
1865 Gregor Mendel reported that traits were intbdrin a predictable manner through the
independent assortment and segregation of elemahtplants and animals receive their

specific characteristics from their parents by nitirey particular combinations of genes.

Molecular biologists have discovered that genesiariact, segments @NA tEmolecules

in our cells.

Figure 6 section of a DNA molecule

Mendel's laws of inheritance eventually supplameast of Darwin's pangenesis theory.
August Weismann made the important distinction leetwgerm cells and somatic cells of the
body, demonstrating that heredity passes through gbrm line only. Hugo de Vries
connected Darwin's pangenesis theory to Wiesmaatsn/gomatic cell distinction and
proposed that Darwin's pangenes were concentratdteicell nucleus and when expressed
they could move into the cytoplasm to change this structure. De Vries was also one of
the researchers who made Mendel's work well-knobalieving that Mendelian traits
corresponded to the transfer of heritable variatialong the germ line. To explain how new
variants originate; De Vries developed a mutatloeoty that led to a temporary rift between
those who accepted Darwinian evolution and biomieins who allied with de Vries. At the

turn of the 20th century, pioneers in the fieldoopulation genetics, such as J.B.S. Haldane,
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Sewall Wright, and Ronald Fisher, set the foundhetiof evolution onto a robust statistical
philosophy. The false contradiction between Darsvitheory, genetic mutations, and

Mendelian inheritance was thus reconciled.

An evolutionary synthesis in the 1930s connecteirah selection, mutation theory, and
Mendelian inheritance into a unified theory thaplagd generally to any branch of biology.
The modern synthesis was able to explain pattelbseroed across species in populations,
through fossil transitions in palaeontology, anderewcomplex cellular mechanisms in
developmental biology. The publication of the stmwe of DNA by James Watson and
Francis Crick in 1953 demonstrated a physical bé&sisinheritance. Molecular biology
improved our understanding of the relationship eefmv genotype and phenotype.
Advancements were also made in phylogenetic sysiesnanapping the transition of traits
into a comparative and testable framework throdghpublication and use of evolutionary
trees. Theodosius Dobzhansky an evolutionary bisilag 1973 penned that "nothing in
biology makes sense except in the light of evohitidbecause it has brought to light the
relations of what first seemed disjointed factsatural history into a coherent explanatory
body of knowledge that describes and predicts mavgervable facts about life on this
planet. Since then, the modern synthesis has ha#imef extended to explain biological
phenomena across the full and integrative scalthefbiological hierarchy, from genes to

species.

4.0Conclusion

The student shall be able to give a thorough adcoluthe History of evolution as well as to
discuss major highlights of evolution especiallyefrarwinian era and to establish

similarities and differences amongst the differecttools of thought. The student should be
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able to discuss for and against the different tlesoof evolution which are thought to have

led to our current existence.

5.0 Summary

The concept of evolution has been the centre ohteefor over a century. Evolution has been
called the cornerstone of biology, and for goodsoea. It is possible to do research in
biology with little or no knowledge of evolution. ddt biologists do. But, without evolution
biology becomes a disparate set of fields. Evohatig explanations pervade all fields in
biology and bring them together under one theaaktimbrella. After the publication @n
the Origin of Speciem 1859, the idea that life had evolved was aivadource of academic
debate centred on the philosophical, social andgioels implications of evolution.
Nowadays, the modern evolutionary synthesis is @edeby a vast majority of scientists.

However, evolution remains a contentious concepsdme theists.

6.0 Tutor-Marked Assignment

* What do you understand by History of Evolutionahptight?
* Discuss three schools of thought for the Histor{ewblution?

* For or against; Charles Darwin’s Theory of Evolafo

7.0Reference/Further Readings

The Descent of Man by Charles Darwin; The Origitsp&cies by Charles Darwin; Evolution
from The Internet Encyclopedia of PhilosoplyHistory of Evolutionary Thought; Timeline
of Evolutionary Thought; Lamarck and his Theoryewblution by Thomas E. Hart froifhe

Victorian Web.
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UNIT2: MECHANISMS OF EVOLUTION

CONTENTS

1.0Introduction

2.0 Objectives

3.0Evolution and its many forms

3.1 Natural selection

3.2 Genetic Drift

3.3 Genetic Hitch-Hiking

3.4 Gene Flow

4.0 Conclusion

5.0 Summary

6.0 Tutor-Marked Assignment

7.0 Reference/Further Readings

1.0 Introduction

Based on the Neo-Darwinian perspective, evolutioouss when there are changes in the
frequencies of alleles within a population of ilereding organisms. A good example is the
allele for black colour in a population of mothscbming more common. Mechanisms that
can lead to changes in allele frequencies incluatiral selection, genetic drift, genetic

hitchhiking, mutation and gene flow.
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2.00bjectives

At the end of this unit, the student should be &ble

» Differentiate one evolutionary mechanism from aeoth

» Define biological evolution?

* How are theories of microevolution and macroevolutielated?
* Understand the various mechanisms governing ewoluti

* Explain in detail the mechanisms of evolution.

3.0Evolution and its many forms

The word "evolution" does not apply exclusivelyltimlogical evolution. The universe and
our solar system have developed out of the explosib matter that began our known
universe. Chemical elements have evolved from gmplatter. Life has evolved from non-
life, and complex organisms from simpler forms. gaages, religions, and political systems
all evolve. Hence, evolution is an appropriate tedor a course on global change. The core
aspects of evolution are "change" and the rolasibly, in that past events have an influence
over what changes occur subsequently. In biologigalution this might mean that complex
organisms arise out of simpler ancestors - thowghviare that this is an over-simplification
not acceptable to a more advanced discussion dbtemo. A full discussion of evolution
requires a detailed explanation of genetics, becasisience has given us a good
understanding of the genetic basis of evolutional#o requires an investigation of the
differences that characterize species, generagthtlee entire tree of life, because these are
the phenomena that the theory of evolution seekexptain. We will begin with observed
patterns of similarities and differences among Esedecause this is what Darwin knew

about. The genetic basis for evolution only begabe integrated into evolutionary theory in
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the 1930's and 1940's. We will add genetics intounderstanding of evolution through a

discussion activity.

Definitions of Biological Evolution
We begin with two working definitions of biologica&volution, which capture these two
facets of genetics and differences among life foriten we will ask what is a species, and

how does a species arise?

+ Definition 1:
Changes in the genetic composition of a populatith the passage of each
generation
+ Definition 2:
The gradual change of living things from one fomtoianother over the course of
time, the origin of species and lineages by desoédiving forms from ancestral
forms, and the generation of diversity
Note that the first definition emphasizes genetiange. It commonly is referred to as
microevolution. The second definition emphasizesappearance of new, physically distinct

life forms that can be grouped with similar appegiife forms in a taxonomic hierarchy. It

commonly is referred to as macroevolution.

3.1 Natural Selection

Natural selection is the process by which genetitations that enhance reproduction
become and remain, more common in successive gemeraf a population. It has often
been called a "self-evident" mechanism becausecessarily follows from three simple

facts:

- Heritable variation exists within populations ofanisms.
« Organisms produce more offspring than can survive.
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« These offspring vary in their ability to survivecareproduce.

These conditions produce competition between osgamifor survival and reproduction.
Consequently, organisms with traits that give treemadvantage over their competitors pass
these advantageous traits on, while traits thatataonfer an advantage are not passed on to
the next generation. Natural selection is based @oncept of evolutionary fitness. This
fitness is measured by an organism's ability teigarand reproduce, which determines the
size of its genetic contribution to the next getieraA good example is if an organism could
survive well and reproduces rapidly, but its offsgrwere all too small and weak to survive,
this organism would make little genetic contribatito future generations and would thus

have low fithess.

The idea that species could change over time wagmuediately acceptable to many: the
lack of a mechanism hampered the acceptance adé¢heas did its implications regarding the

biblical views of creation.

Charles Darwin and Alfred Wallace both worked inelegently of each other, travelled
extensively, and eventually developed similar id&@lasut the change in life over time as well

as a mechanism for that change: natural selection.

Ancient Greek philosophers such as Anaximanderufaisd the development of life from
non-life and the evolutionary descent of man frammel. Charles Darwin simply brought
something new to the old philosophy -- a plausiblechanism called "natural selection.”
Natural selection acts to preserve and accumulat®rnadvantageous genetic mutations.
Suppose a member of a species developed a funichdwantage — let us assume it grew
wings and learned to fly. Its offspring would inlhéhat advantage and pass it on to their

offspring. The inferior or disadvantaged membershef same species would gradually die
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out, leaving only the superior or advantaged membéthe species. Natural selection is the
preservation of a functional advantage that enablepecies to compete better in the wild.
Natural selection is the naturalistic equivalentdimmestic breeding. Over the centuries,
human breeders have produced dramatic changesnadtic animal populations by selecting
individuals to breed. Breeders eliminate undes&rabhits gradually over time. Similarly,
natural selection eliminates inferior species gadlgfuover time.Some types of organisms
within a population leave more offspring than othéver time, the frequency of the more
prolific type will increase. The difference in repiuctive capability is called natural
selection. Natural selection is the only mechanahadaptive evolution; it is defined as

differential reproductive success of pre- existitagses of genetic variants in the gene pool.

The most common action of natural selection iseimave unfit variants as they arise via
mutation. In other words, natural selection usualigvents new alleles from increasing in
frequency. This led a famous evolutionist, Georgdlidkhs, to say "Evolution proceeds in

spite of natural selection."

Natural selection can maintain or deplete geneditation depending on how it acts. When
selection acts to weed out deleterious allelescauses an allele to sweep to fixation, it
depletes genetic variation. When heterozygotesfiarthan either of the homozygotes,
however, selection causes genetic variation to l@ntained. This is called balancing
selection. An example of this is the maintenancsickle-cell alleles in human populations
subject to malaria. Variation at a single locusedeines whether red blood cells are shaped
normally or sickled. If a human has two allelesgmkle-cell, he/she develops anaemia -- the
shape of sickle-cells precludes those carrying mabrievels of oxygen. However,
heterozygotes that have one copy of the sickle-atdle, coupled with one normal allele

enjoy some resistance to malaria -- the shape aiesi cells makes it harder for the

27



plasmodia to enter the cell. Thus, individuals haygous for the normal allele suffer more
malaria than heterozygotes. Individuals homozygéws the sickle- cell are anaemic.
Heterozygotes have the highest fithess of theseetlypes. Heterozygotes pass on both
sickle-cell and normal alleles to the next generatiThus, neither allele can be eliminated
from the gene pool. The sickle-cell allele is at ltighest frequency in regions of Africa

where malaria is most pervasive.

Balancing selection is rare in natural populatid@sly a handful of other cases beside the
sickle-cell example have been found. At one timpub&tion geneticists thought balancing
selection could be a general explanation for tielgeof genetic variation found in natural
populations. That is no longer the case. Balansiggction is only rarely found in natural
populations. And, there are theoretical reasons whtural selection cannot maintain

polymorphisms at several loci via balancing setecti

Individuals are selected. The example | gave eanlgs an example of evolution via natural

selection. Dark colored moths had a higher repriddeisuccess because light colored moths
suffered a higher predation rate. The decline gifitlicolored alleles was caused by light
colored individuals being removed from the genel podividual organisms either reproduce

or fail to reproduce and are hence the unit ofcsiele. One way alleles can change in
frequency is to be housed in organisms with diffemeproductive rates. Genes are not the
unit of selection; neither are groups of organisasinit of selection. There are some

exceptions to this "rule,” but it is a good genieedlon.

Organisms do not perform any behaviour that isttiergood of their species. An individual
organism competes primarily with others of it owpeses for its reproductive success.
Natural selection favours selfish behaviour becaase truly altruistic act increases the

recipient's reproductive success while loweringdbeors. Altruists would disappear from a
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population as the non- altruists would reap theebtn; but not pay the costs, of altruistic
acts. Much behaviour appears altruistic. Biologistewever, can demonstrate that this
behaviour is only apparently altruistic. Coopergtimth or helping other organisms is often
the most selfish strategy for an animal. This itedareciprocal altruism. A good example of
this is blood sharing in vampire bats. In theses btitose lucky enough to find a meal will
often share part of it with an unsuccessful batrdnyurgitating some blood into the other's
mouth. Biologists have found that these bats foonds with partners and help each other
out when the other is needy. If a bat is found ¢oab"cheater,” (he accepts blood when
starving, but does not donate when his partnenisspartner will abandon him. The bats are

thus not helping each other altruistically; thegnigpacts that are mutually beneficial.

Helping closely related organisms can appear attojibut this is also a selfish behaviour.
Reproductive success (fithess) has two compondines;t fithess and indirect fitness. Direct

fitness is a measure of how many alleles, on aegrag genotype contributes to the
subsequent generation's gene pool by reproducidgertt fithess is a measure of how many
alleles identical to its own it helps to enter gene pool. Direct fitness plus indirect fitness is
inclusive fitness. J. B. S. Haldane once remarkedvbuld gladly drown, if by doing so he

saved two siblings or eight cousins. Each of Hiirgys would share one half his alleles; his
cousins, one eighth. They could potentially adadnasiy of his alleles to the gene pool as he

could.

Natural selection favours traits or behaviour thradrease a genotype's inclusive fitness.
Closely related organisms share many of the salakesl In diploid species, siblings share

on average at least 50% of their alleles. The meage is higher if the parents are related. So,
helping close relatives to reproduce gets an osgasiown alleles better represented in the

gene pool. The benefit of helping relatives incesagramatically in highly inbred species. In
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some cases, organisms will completely forgo repcody and only help their relatives
reproduce. Ants, and other eusocial insects, hierdescastes that only serve the queen and

assist her reproductive efforts. The sterile waslare reproducing by proxy.

The words selfish and altruistic have connotationgveryday use that biologists do not
intend. Selfish simply means behaving in such a we one's own inclusive fitness is
maximized; altruistic means behaving in such a iy another's fitness is increased at the
expense of one’s' own. Use of the words selfish altristic is not meant to imply that

organisms consciously understand their motives.

The opportunity for natural selection to operatesionot induce genetic variation to appear --
selection only distinguishes between existing vdasiaVariation is not possible along every
imaginable axis, so all possible adaptive solutiares not open to populations. To pick a
somewhat ridiculous example, a steel shelled tumilght be an improvement over regular
turtles. Turtles are killed quite a bit by carsshelays because when confronted with danger,
they retreat into their shells -- this is not aajretrategy against a two ton automobile.
However, there is no variation in metal contensloélls, so it would not be possible to select

for a steel shelled turtle.

Here is a second example of natural selection. @eadortis lives on the Galapagos Islands
along with fourteen other finch species. It feedstlte seeds of the plant Tribulus cistoides,
specializing on the smaller seeds. Another spe@edyiagnirostris, has a larger beak and
specializes on the larger seeds. The health ofetlidsl populations depends on seed
production. Seed production, in turn, depends erathival of wet season. In 1977, there was
a drought. Rainfall was well below normal and feweeds were produced. As the season
progressed, the G. fortis population depleted theply of small seeds. Eventually, only

larger seeds remained. Most of the finches startregl;population plummeted from about
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twelve hundred birds to less than two hundred. rP&tant, who had been studying these
finches, noted that larger beaked birds fared béfti@n smaller beaked ones. These larger
birds had offspring with correspondingly large b®akKhus, there was an increase in the
proportion of large beaked birds in the populatiba next generation. To prove that the
change in bill size in Geospiza fortis was an ettohary change, Grant had to show that
differences in bill size were at least partiallynggcally based. He did so by crossing finches
of various beak sizes and showing that a finchaklb®ze was influenced by its parent's
genes. Large beaked birds had large beaked offspieak size was not due to

environmental differences.

Natural selection may not lead a population to h#we optimal set of traits. In any
population, there would be a certain combinatiorpadsible alleles that would produce the
optimal set of traits (the global optimum); butrénare other sets of alleles that would yield a
population almost as adapted (local optima). Ttawsifrom a local optimum to the global
optimum may be hindered or forbidden because tlpailpton would have to pass through
less adaptive states to make the transition. Nlasetaction only works to bring populations
to the nearest optimal point. This idea is Sewaligit's adaptive landscape. This is one of

the most influential models that shape how evoharg biologists view evolution.

Natural selection does not have any foresight.nly @allows organisms to adapt to their
current environment. Structures or behaviours doenolve for future utility. An organism

adapts to its environment at each stage of itsuéiool. As the environment changes, new
traits may be selected for. Large changes in ptipuka are the result of cumulative natural
selection. Changes are introduced into the pojuldiy mutation; the small minority of these
changes that result in a greater reproductive ¢wptheir bearers are amplified in frequency

by selection.
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Complex traits must evolve through viable internages. For many traits, it initially seems
unlikely that intermediates would be viable. Whabd is half a wing? Half a wing may be
no good for flying, but it may be useful in otheays. Feathers are thought to have evolved
as insulation and/or as a way to trap insects.rL@t®to-birds may have learned to glide
when leaping from tree to tree. Eventually, thettfees that originally served as insulation
now became co-opted for use in flight. A trait'sreat utility is not always indicative of its
past utility. It can evolve for one purpose, andubed later for another. A trait evolved for its
current utility is an adaptation; one that evolved another utility is an exaptation. An
example of an exaptation is a penguin's wing. Pasgevolved from flying ancestors; now

they are flightless and use their wings for swingnin

3.2 Genetic Drift

Genetic drift is the change in allele frequencynfrone generation to the next that occurs
because alleles are subject to sampling error.tDuleis, when selective forces are absent or
relatively weak, allele frequencies tend to driftward or downward randomly. This drift
halts when an allele eventually becomes fixed eeilly disappearing from the population, or
replacing the other alleles entirely. Genetic dhitrefore may eliminate some alleles from a
population due to chance alone. Even in the absehselective forces, genetic drift can
cause two separate populations that began witlsahee genetic structure to drift apart into
two divergent populations with different sets dekds. Usually, it is difficult to measure the
relative importance of selection and neutral preess including drift. The comparative
importance of adaptive and non-adaptive forcesrivird) evolutionary change is an area of

current research

Allele frequencies can change due to chance albhes. is called genetic drift. Drift is a

binomial sampling error of the gene pool. This implthat the alleles that form the next
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generation's gene pool are a sample of the ali@asthe current generation. When sampled

from a population, the frequency of alleles diffslightly due to chance alone.

Alleles can increase or decrease in frequency duwdkitt. The average expected change in
allele frequency is zero, since increasing or desing in frequency is equally probable. A
small percentage of alleles may continually changguency in a single direction for several
generations just as flipping a fair coin may, owasion, result in a string of heads or tails. A

very few new mutant alleles can drift to fixationthis manner.

In small populations, the variance in the rateladrge of allele frequencies is greater than in
large populations. However, the overall rate ofegiendrift is independent of population size.
If the mutation rate is constant, large and smafiytations lose alleles to drift at the same
rate. This is because large populations will haweeralleles in the gene pool, but they will
lose them more slowly. Smaller populations will aewer alleles, but these will quickly
cycle through. This assumes that mutation is cotigtadding new alleles to the gene pool

and selection is not operating on any of theséeslle

Sharp drops in population size can change allelguigncies substantially. In the event of a
population crashing, the alleles in the surviviaghple may not be representative of the pre-
crash gene pool. This change in the gene poolledcthe founder effect, due to the fact that
small populations of organisms that invade a newitdey are subject to this. Many biologists
feel the genetic changes brought about by foundfecte may contribute to isolated
populations developing reproductive isolation frameir parent populations. In sufficiently

small populations, genetic drift can counteractcbn.

3.3 Genetic Hitchhiking
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The recombination of genes allows alleles on timeesatrand of DNA to become separated.
However, the rate of recombination is low-approxehatwo events per chromosome per
generation. As a result of this, genes close tagebim a chromosome may not always be
shuffled away from each other and genes that asedbgether tend to be inherited together.
This is referred to as linkage. This is measuredfibging how often two alleles occur
together on a single chromosome compared to expmta which is called their linkage
disequilibrium. A set of alleles that is usuallyerited in a group is called a haplotype. This
can be important when one allele in a particulgpldtgpe is strongly beneficial: natural
selection can drive a selective sweep that wilh alsuse the other alleles in the haplotype to
become more common in the population; this effeatalled genetic hitchhiking or genetic
draft. Genetic draft caused by the fact that someéral genes are genetically linked to others

that are under selection can be partially captbyedn appropriate effective population size.

3.4 Gene Flow

Gene flow is the exchange of genes between popotatand between species. The presence
or absence of gene flow fundamentally changes tluese of evolution. As a result of the
complexity of organisms, any two completely isatefgopulations will eventually evolve
genetic incompatibilities through neutral processesen if both populations remain

essentially identical in terms of their adaptatiorthe environment.

If genetic differentiation between populations deps, gene flow between populations can
introduce traits or alleles which are disadvantagaa the local population and this may lead
to organism within these populations to evolve na@itms that prevent mating with
genetically distant populations, eventually resigtin the appearance of new species. Thus,
exchange of genetic information between individual§fundamentally important for the

development of the biological species concept.
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During the development of the modern synthesis, @leWright's developed his shifting
balance theory that gene flow between partiallyatsal populations was an important aspect
of adaptive evolution. However, recently there Hasen substantial criticism of the

importance of the shifting balance theory.

In some closely related species, fertile hybrids ezsult from interspecific matings. These
hybrids can vector genes from species to speciese @ow between more distantly related
species occurs infrequently. This is called horiabtransfer. One interesting case of this
involves genetic elements called P elements. Matggidwell found that P elements were
transferred from some species in thHerosophila willistoni group to Drosophila
melanogasterThese two species of fruit flies are distantliated and hybrids do not form.
Their ranges do, however, overlap. The P elemengse wectored intoDrosophila.
melanogastewia a parasitic mite that targets both these sgecihis mite punctures the
exoskeleton of the flies and feeds on the "juick#terial, including DNA, from one fly can
be transferred to another when the mite feeds.eIhelements actively move in the genome,
one incorporated itself into the genome oim@lanogasterfly and subsequently spread
through the species. Laboratory stocksraflanogastecaught prior to the 1940's lack of P

elements. All natural populations today harbounthe

4.0 Conclusion

It is important to note that Darwin's book "The @i of Species by Means of Natural
Selection" did two things. It summarized all of teeidence in favour of the idea that all
organisms have descended with modification fromomraon ancestor, and thus built a
strong case for evolution. In addition Darwin adstec natural selection as a mechanism of
evolution. Biologists no longer question whetheolation has occurred or is occurring. That

part of Darwin's book is now considered to be sereelmingly demonstrated that is is
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often referred to as the fact of evolution. Howewbe MECHANISM of evolution is still
debated. We have learned much since Darwin's timdeitas no longer appropriate to claim
that evolutionary biologists believe that Darwitteory of Natural Selection is the best
theory of the mechanism of evolution. | can underdt why this point may not be
appreciated by the average non-scientist becauseahaelection is easy to understand at a
superficial level. It has been widely promotedhie popular press and the image of "survival

of the fittest" is too powerful and too convenient.

5.0 Summary

During the first part of this century the incorpiima of genetics and population biology into
studies of evolution led to a Neo-Darwinian thearly evolution that recognized the
importance of mutation and variation within a patigdn. Natural selection then became a
process that altered the frequency of genes inpalation and this defined evolution. This
point of view held sway for many decades but merently the classic Neo-Darwinian view
has been replaced by a new concept which incluelesral other mechanisms in addition to

natural selection.

6.0 Tutor-Marked Assignment

* What is/are the importance of mechanisms goveremuodution

* State and elaborate on three of these mechanisms.
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The biological species concept helps us ask howiespare formed, because it focuses our
attention on the question of how reproductive isola comes about.
There are many barriers to reproduction. Eachispenay have its own courtship displays,
or breeding season, so that members of the twoiesp@o not have the opportunity to
interbreed, or the two species may be unable srbréed successfully because of failure of

the egg to become fertilized or to develop.

2.0 Objectives

At the end of this unit, the student should be able

» Discuss extensively on Isolation mechanisms

» Discuss pre and post zygotic isolation

* How is reproductive isolation important to spea@atand what forms can it take?

3.0 Morphological species concept:

Oak trees look like oak trees, tigers look likgets. Morphology refers to the form and
structure of an organism or any of its parts. Thephological species concept supports the
widely held view that "members of a species aréviddals that look similar to one another."
This school of thought was the basis for Linneausgjinal classification, which is still

broadly accepted and applicable today.

This concept became criticized by biologists beeatisvas arbitrary. Many examples were
found in which individuals of two populations werery hard to tell apart but would not mate
with one another, suggesting that they were in thiferent species. Mimicry complexes
supplied further evidence against the conceptrganisms of the same species can look very

different, depending upon where they are rearedheir life cycle stage (some insects
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produce a spring brood that looks like one hoshtpdand a summer brood that looks like
another). The morphological species concept wakceep by another viewpoint that puts

more emphasis on the biological differences betvepeties.

Biological species conceptThis concept states that "a species is a grouactfally or
potentially interbreeding individuals who are reguotively isolated from other such
groups.” This definition was attractive to bioldgisand became widely adopted by the
1940's. It suggested a critical test of speciesihtwo individuals belong to the same species
if their gametes can unite with each other undeurah conditions to produce fertile
offspring. This concept also emphasized that aispas an evolutionary unit. Members share

genes with other members of their species, anavitbtmembers of other species.

Most scientists feel that the biological speciemicept should be kept, but with some
gualifications. It can only be used with living sps, and cannot always be applied to
species that do not live in the same place. Thetesh applies to species that have the

potential to interbreed.

Most importantly, the biological species conceptpbeus ask how species are formed,
because it focuses our attention on the questidrowf reproductive isolation comes about.
Let us first examine types of reproductive isolafidoecause there are quite a few.

There are many barriers to reproduction. Eachispenay have its own courtship displays,
or breeding season, so that members of the twoiesp@lo not have the opportunity to
interbreed. Or, the two species may be unablet&sbreed successfully because of failure of

the egg to become fertilized or to develop.

This suggests a simple and useful dichotomy, betwwe-mating or prezygotic (i.e., pre-

zygote formation) reproductive isolating mechanismagd post-mating or postzygotic
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isolating mechanisms. Remember that a zygote iscélleformed by the union of two

gametes and is the basis of a developing individual

Despite our increasing ability to understand theedt details of organisms, there is still
debate about what constitutes a species. Defigitmhspecies tend to fall into two main

camps, the morphological and the biological speciegepts.

3.1 Pre-zygotic

The mechanisms of reproductive isolation or hykaton barriers are a collection of
mechanisms, behaviors and physiological proceskat frevent the members of two
different species that cross or mate from produaffgpring, or which ensure that any
offspring that may be produced is not fertile. Tdbarriers maintain the integrity of a species
over time, reducing or directly impeding gene floetween individuals of different species,
allowing the conservation of each species’ charaties

Pre-zygotic isolation mechanisms are the most ananm terms of the biological efficiency
of a population, as resources are not wasted oprtiduction of a descendent that is weak,
non-viable or sterile.

3.1.1 Temporal isolation

Any of the factors that prevent potentially fertilmdividuals from meeting will
reproductively isolate the members of distinct sgmcThe types of barriers that can cause
this isolation include: different habitats, physitarriers, and a difference in the time of
sexual maturity or floweringVhen factors change, especially physical barradten, species

will branch off.

An example of the ecological or habitat differenttest impede the meeting of potential pairs

occurs in two fish species of the famBasterosteidagsticklebacks). One species lives all
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year round in fresh water, mainly in small streaiif®e other species lives in the sea during
winter, but in spring and summer individuals migrab river estuaries to reproduce. The
members of the two populations are reproductivelylated due to their adaptations to
distinct salt concentration&\n example of reproductive isolation due to diffezes in the
mating season are found in the toad speige americanusndBufo fowleri. The members
of these species can be successfully crossed idabiwratory producing healthy, fertile
hybrids. However, mating does not occur in the wdden though the geographical
distribution of the two species overlaps. The reaso the absence of inter-species mating is
that B. americanusmates in early summer arigl fowleri in late summerCertain plant
species, such agradescantia canaliculatandT. subasperaare sympatric throughout their
geographic distribution yet they are reproductivisiylated as they flower at different times
of the year. In addition, one species grows in guanreas and the other in deeply shaded

areas.

3.1.2 Sexual isolation by behaviour or conduct

The different mating rituals of animal species twsaextremely powerful reproductive
barriers, termed sexual or behavior isolation, ieatate apparently similar species in the
majority of the groups of the animal kingdom. lmeftious species, males and females have
to search for a partner, be in proximity to eadfegtcarry out the complex mating rituals and

finally copulate or release their gametes intogheironment in order to breed.

Mating dances, the songs of males to attract fesy@miehe mutual grooming of pairs, are all
examples of typical courtship behavior that allotysth recognition and reproductive
isolation. This is because each of the stages oftglip depend on the behavior of the
partner. The male will only move onto the secoragjstof the exhibition if the female shows

certain responses in her behavior. He will onlyspasto the third stage when she displays a
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second key behavior. The behaviors of both interlere synchronized in time and lead
finally to copulation or the liberation of gameteso the environment. No animal that is not
physiologically suitable for fertilization can cofefe this demanding chain of behavior. In
fact, the smallest difference in the courting pateof two species is enough to prevent
mating (for example, a specific song pattern astaraisolation mechanism in distinct species
of grasshopper of the gen@horthippus Even where there are minimal morphological
differences between species, differences in behadn be enough to prevent mating. For
example Drosophila melanogasteandD. simulanswhich are considered twin species due to
their morphological similarity, do not mate eventhky are kept together in a laboratory.
Drosophila ananassaandD. pallidosaare twin species from Melanesia. In the wild they
rarely produce hybrids, although in the laboratibrig possible to produce fertile offspring.

Studies of their sexual behavior show that the madairt the females of both species but the
females show a marked preference for mating witkesnaf their own species. A different

regulator region has been found on Chromosome lloth species that affects the selection

behavior of the females.

Pheromones play an important role in the sexu#tien of insect species. These compounds
serve to identify individuals of the same specied af the same or different sex. Evaporated
molecules of volatile pheromones can serve as &-vadching chemical signal. In other

cases, pheromones may be detected only at a sbt@amack or by contact

In species of thenelanogastergroup of Drosophilg the pheromones of the females are
mixtures of different compounds, there is a claaradphism in the type and/or quantity of
compounds present for each sex. In addition, taeralifferences in the quantity and quality
of constituent compounds between related spetissassumed that the pheromones serve to

distinguish between individuals of each species.ekample of the role of pheromones in
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sexual isolation is found in 'corn borers' in tlgsOstrinia. There are two twin species in
Europe that occasionally cross. The females of bp#ties produce pheromones that contain
a volatile compound which has two isomers, E an8®p of the compound produced by the
females of one species is in the E isomer form]enthie females of the other produce 99%
isomer Z. The production of the compound is cotdgmblby just one locus and the
interspecific hybrid produces an equal mix of thw tisomers. The males, for their part,
almost exclusively detect the isomer emitted by fdreales of their species, such that the
hybridization although possible is scarce. The @ation of the males is controlled by one
gene, distinct from the one for the production sdmers, the heterozygous males show a
moderate response to the odour of either typehitndase, just 2 'loci' produce the effect of

ethological isolation between species that are tgsaiky very similar.

Sexual isolation between two species can be asynualefThis can happen when the mating
that produces descendants only allows one of thee 9pecies to function as the female
progenitor and the other as the male, while thgrecal cross does not occur. For instance,
half of the wolves tested in the Great Lakes are@rmerica show mitochondrial DNA

sequences of coyotes. While mitochondrial DNA fravalves is never found in coyote

populations. This probably reflects an asymmetryinter-species mating due to the
difference in size of the two species as male wobake advantage of their greater size in

order to mate with female coyotes, while femalewesland male coyotes do not mate.

3.1.3 Mechanical isolation

Mating pairs may not be able to couple successfiitlyeir genitals are not compatible. The
relationship between the reproductive isolatiosécies and the form of their genital organs
was signaled for the first time in 1844 by the Eteentomologist Léon Dufour. Insects' rigid

carapaces act in a manner analogous to a lock apdds they will only allow mating
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between individuals with complementary structutbst is, males and females of the same

species (termedo-specifick

Evolution has led to the development of genitalaongy with increasingly complex and
divergent characteristics, which will cause mecbalnisolation between species. Certain
characteristics of the genital organs will oftervénaconverted them into mechanisms of
isolation. However, numerous studies show thatrsghat are anatomically very different
can be functionally compatible, indicating thatetlfactors also determine the form of these

complicated structures.

Mechanical isolation also occurs in plants and ihielated to the adaptation and coevolution
of each species in the attraction of a certain tyjpeollinator (where pollination is zoophilic)
through a collection of morphophysiological chaeaistics of the flowers (called floral

syndrome), in such a way that the transport ofgmolb other species does not occur.

3.1.4 Gametic isolation

The synchronous spawning of many species of coralarine reefs means that inter-species
hybridization can take place as the gametes of teaisdof individuals of tens of species are
liberated into the same water at the same time.répmately a third of all the possible
crosses between species are compatible, in the $skatsthe gametes will fuse and lead to
individual hybrids. This hybridization apparentliaps a fundamental role in the evolution of
coral species. However, the other two-thirds ofsgme crosses are incompatible. It has been
observed that in sea urchins of the gersisongylocentrotusthe concentration of
spermatocytes that allow 100% fertilization of thailes of the same species is only able to

fertilize 1.5% of the ovules of other species. Thability to produce hybrid offspring,
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despite the fact that the gametes are found ataime time and in the same place, is due to a
phenomenon known agamete incompatibility which is often found between marine

invertebrates, and whose physiological causesatriulty understood.

In someDrosophila crosses, the swelling of the female's vagina e moted following
insemination. This has the effect of consequeptlgyenting the fertilization of the ovule by

sperm of a different species.

In plants the pollen grains of a species can gataiim the stigma and grow in the style of
other species. However, the growth of the pollebetumay be detained at some point
between the stigma and the ovules, in such a watyfdntilization does not take place. This
mechanism of reproductive isolation is common ia #ngiosperms and is callextoss-
incompatibility or incongruence A relationship exists between self-incompatipilénd the
phenomenon of cross-incompatibility. In generalsses between individuals of a self-
compatible species (SC) with individuals of a setfempatible (SI) species give hybrid
offspring. On the other hand, a reciprocal crogs(SC) will not produce offspring, because
the pollen tubes will not reach the ovules. Thiknswn asunilateral incompatibility which

also occurs when two SC or two Sl species are edoss

3.2 Post-zygotic isolation

3.2.1 Zygote mortality and non-viability of hybrids

A type of incompatibility that is found as oftenplants as in animals occurs when the ovule
is fertilized but the zygote does not develop,tateivelops and the resulting individual has a
reduced viabilityThis is the case for crosses between species dfahpegenus, where widely
differing results are observed depending of thesigigenvolved. In some crosses there is no

segmentation of the zygote. In others, normal segatien occurs in the blastula but
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gastrulation fails. Finally, in other crosses, ithigal stages are normal but errors occur in the
final phases of embryo development. This indicatkferentiation of the embryo
development genes (or gene complexes) in theséespmud these differences determine the

non-viability of the hybrids.

Similar results are observed in mosquitos of théexCgenus, but the differences are seen
between reciprocal crosses, from which it is codetlithat the same effect occurs in the
interaction between the genes of the cell nucleuse(ited from both parents) as occurs in
the genes of the cytoplasmic organelles whichranerited solely from the female progenitor

through the cytoplasm of the ovule.

In Angiosperms, the successful development of th#brgo depends on the normal

functioning of its endosperm.

The failure of endosperm development and its subm®gabortion has been observed in
many interploidal crosses (that is, those betwemulations with a particular degree of intra
or interspecific ploidy and in certain crosses predes with the same level of ploidy. The
collapse of the endosperm, and the subsequenti@baift the hybrid embryo is one of the

most common post-fertilization reproductive isaatmechanism found in angiosperms.

3.2.2 Hybrid sterility

A hybrid has normal viability but is deficient iertns of reproduction or is sterile. This is
demonstrated by the mule and in many other wellwkndwybrids. In all of these cases
sterility is due to the interaction between the egerof the two species involved; to
chromosomal imbalances due to the different numobehromosomes in the parent species;

or to nucleus-cytoplasmic interactions such aséndase o€ulexdescribed above.
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Hinnies and mules are hybrids resulting from a€imetween a horse and an ass or between a
mare and a donkey, respectively. These animalsesy always sterile due to the difference
in the number of chromosomes between the two paeaties. Both horses and donkeys
belong to the genuEquus but Equus caballushas 64 chromosomes, whilsguus asinus
only has 62. A cross will produce offspring (mulehinny) with 63 chromosomes, that will
not form pairs, which means that they do not divide@ balanced manner during meiosis. It
is curious that they can cross with each othetlieiimule and the hinny are actually animals
created by humans, as in the wild the species égaach other and do not cross. In order to
obtain mules or hinnies it is necessary to traa ghogenitors to accept copulation between

the species or create them through artificial insatron.

The sterility of many of the interspecific hybridsnong the angiosperms is a widely
recognised and studied phenomenon. There are etywarf causes that can determine the
interspecific sterility of hybrids in plants, thesgy be genetic, related to the genomes or the
interaction between nuclear and cytoplasmic factas will be discussed in the
corresponding section. Nevertheless, it should diat@d out that - on the contrary to the
situation in animals - hybridization in plants isstamulus for the creation of new species.
Indeed, although the hybrid may be sterile it cantioue to multiply in the wild through the
mechanisms of asexual reproduction, be they vagetaropagation or apomixis or the
production of seeds. Indeed, interspecific hybatan can be associated with polyploidia
and, in this way, the origin of new species tha ealled allopolyploidsRosa caninafor
example, is the result of multiple hybridizatiorts. there is a type of wheat that is an

allohexaploid that contains the genomes of thréerdnt species.

3.2.3 Multiple mechanisms

49



In general, the barriers that separate specieotioamsist of just one mechanism. The twin
species oDrosophilg D. pseuoobscurandD. persimilis are isolated from each other by
habitat persimilisgenerally lives in colder regions at higher attés), by the timing of the
mating seasorpérsimilisis generally more active in the morning grstuoobscurat night)
and by behavior during mating (the females of bsgiecies prefer the males of their
respective species). In this way, although theritligtion of these species overlaps in wide
areas of the west of the United States of Ametitase isolation mechanisms are sufficient to
keep the species separated. Such that, only aeltie ffemales have been found amongst the
other species among the thousands that have bedyzeth However, when hybrids are
produced between both species, the gene flow battfeetwo will continue to be impeded
as the hybrid males are sterile. Also, and in @attwith the great vigor shown by the sterile
males, the descendants of the backcrosses of thredHfgmales with the parent species are
weak and notoriously non-viable. This last mechani®estricts even more the genetic

interchange between the two species of fly in tid.w

3.2.4 Hybrid gender

Haldane's Rule states that when one of the twossexeabsent in interspecific hybrids
between two specific species and then the genadgridmot produced, is rare or is sterile is
the heterozygous (or heterogametic) sex. In mamnraglgast, there is growing evidence to
suggest that this is due to high rates of mutatiotine genes determining masculinity in the

Y chromosome.

It has been suggested that Haldane's Rule simfpctethe fact that the male gender is more
sensitive than the female when the sex-determigarges are included in a hybrid genome.

But there are also organisms in which the heteroaygsex is the female: birds and
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butterflies and the law is followed in these orgams. Therefore, it is not a problem related to
sexual development, nor with the sex chromosomeddane proposed that the stability of
hybrid individual development requires the full gecomplement of each parent species, so
that the hybrid of the heterozygous sex is unb@dr{ce. missing at least one chromosome
from each of the parental species). For examplke,hifbrid male obtained by crossiig
melanogastefemales withD. simulansmales, which is non-viable, lacks the X chromosome

of D. simulans

3.3 Genetics of isolation barriers

3.3.1 Pre-copulatory isolation mechanisms in animal

The genetics of ethological isolation barriers Wil discussed first. Pre-copulatory isolation
occurs when the genes necessary for the sexualdwgron of one species differ from the
equivalent genes of another species, such thamiéla of species A and a female of species
B are placed together they are unable to copulstiedy of the genetics involved in this
reproductive barrier tries to identify the genest thpovern distinct sexual behaviors in the two
species. The males ddrosophila melanogasteand those ofD. simulansconduct an
elaborate courtship with their respective femahdsch are different for each species, but the
differences between the species are more quanditdtan qualitative. In fact th@mulans
males are able to hybridize with theelanogastefemales. Although there are lines of the
latter species that can easily cross there arerottiat are hardly able to. Using this
difference, it is possible to assess the minimumimer of genes involved in pre-copulatory

isolation between thmelanogasteandsimulansspecies and their chromosomal location.

In experiments, flies of th®. melanogastefine, which hybridizes readily witkBimulans

were crossed with another line that it does notridyze with, or rarely. The females of the
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segregated populations obtained by this cross pl@ed next tsimulansmales and the
percentage of hybridization was recorded, which rmeasure of the degree of reproductive
isolation. It was concluded from this experimerdtt8 of the 8 chromosomes of the haploid
complement ofD. melanogastercarry at least one gene that affects isolatiorch stinat
substituting one chromosome from a line of low asioin with another of high isolation
reduces the hybridization frequency. In additiomefactions between chromosomes are
detected so that certain combinations of the chemm@s have a multiplying effect. Cross
incompatibility or incongruence in plants is alsetetmined by major genes that are not

associated at the self-incompatibil@yjocus
3.3.2 Post copulation or fertilization isolation mehanisms in animals

Reproductive isolation between species appearsceitain cases, a long time after
fertilization and the formation of the zygote, agppens - for example - in the twin species
Drosophila pavaniandD. gaucha The hybrids between both species are not sténilehe
sense that they produce viable gametes, ovulesspadnatozoa. However, they cannot
produce offspring as the sperm of the hybrid malendt survive in the semen receptors of
the females, be they hybrids or from the paremislinn the same way, the sperm of the males
of the two parent species do not survive in theaspctive tract of the hybrid femafé! This
type of post copulatory isolation appears as thestnedficient system for maintaining

reproductive isolation in many species.

In fact, the development of a zygote into an adsil complex and delicate process of
interactions between genes and the environmentnthist be carried out precisely, and if
there is any alteration in the usual process, chbgehe absence of a necessary gene or the
presence of a different one, it can arrest the abdavelopment causing the non-viability of

the hybrid or its sterility. It should be bornermnd that half of the chromosomes and genes
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of a hybrid are from one species and the otherduatfe from the other. If the two species are
genetically different, there is little possibilitigat the genes from both will act harmoniously
in the hybrid. From this perspective, only a fewng® would be required in order to bring
about post copulatory isolation, as opposed tosiheation described previously for pre-

copulatory isolation.

In many species where pre-copulatory reproductsaation does not exist, hybrids are
produced but they are of only one sex. This isctiee for the hybridization between females
of Drosophila simulangandDrosophila melanogastenales: the hybridized females die early
in their development so that only males are seeongnthe offspring. However, populations
of D. simulanshave been recorded with genes that permit thelalevent of adult hybrid
females, that is, the viability of the females irestued”. It is assumed that the normal
activity of these speciation genes is to “inhiliite expression of the genes that allow the

growth of the hybrid. There will also be regulagenes.

A number of these genes have been found inmékanogastespecies group. The first to be
discovered was “Lhr” (Lethal hybrid rescue) locatedChromosome Il oD. simulans This
dominant allele allows the development of hybrichéées from the cross betwesimulans
females andnelanogastemales. A different gene, also located on Chromasdinof D.
simulansis “Shfr” that also allows the development of féenaybrids, its activity being
dependent on the temperature at which developmanire.Other similar genes have been
located in distinct populations of species of tisup. In short, only a few genes are needed
for an effective post copulatory isolation barrieediated through the non-viability of the

hybrids.

As important as identifying an isolation gene i®Wmng its function. Thedmr gene, linked

to the X chromosome and implicated in the viabilby male hybrids betweer.
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melanogasteandD. simulansis a gene from the proto-oncogene familyh that codes for

a transcriptional regulator. Two variants of theng function perfectly well in each separate
species, but in the hybrid they do not functionrectly, possibly due to the different genetic

background of each species. Examination of théeatlequence of the two species shows that
change of direction substitutions are more abund&@ain synonymous substitutions,

suggesting that this gene has been subject tosatesitural selection.

The Dobzhansky-Muller model proposes that repradechcompatibilities between species
are caused by the interaction of the genes ofdbpective species. It has been demonstrated
recently that_hr has functionally diverged iB. simulansand will interact withHmr which,

in turn, has functionally diverged iD. melanogasteito cause the lethality of the male
hybrids. Lhr is located in a heterochromatic region of the gemaand its sequence has
diverged between these two species in a mannerstemswith the mechanisms of positive
selection. An important unanswered question is drethe genes detected correspond to old
genes that initiated the speciation favoring hybrah-viability, or are modern genes that
have appear post-speciation by mutation, that arsimared by the different populations and
that suppress the effect of the primitive non-Jigbigenes. TheOdsH (abbreviation of
Odysseus gene causes partial sterility in the hybrid betw®rosophila simulansand a
related specied). mauritiang which is only encountered on Mauritius, and isre¢ent
origin. This gene shows monophyly in both specied also has been subject to natural
selection. It is thought that it is a gene tha¢iménes in the initial stages of speciation, while
other genes that differentiate the two species ghalyphyly. Odshoriginated by duplication

in the genome obrosophilaand has evolved at very high ratedDinmauritanig while its
paralogue,unc-4 is nearly identical between the species of theugrmelanogaster
Seemingly, all these cases illustrate the mannesich speciation mechanisms originated in

nature, therefore they are collectively known apetsation genes”, or possibly, gene
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sequences with a normal function within the popolte of a species that diverge rapidly in
response to positive selection thereby forming adpctive isolation barriers with other
species. In general, all these genes have functiotise transcriptional regulation of other

genes.

The Nup96 gene is another example of the evolution of theegeimplicated in post-
copulatory isolation. It regulates the productidnome of the approximately 30 proteins
required to form a nuclear pore. In each of siraulansgroups ofDrosophilathe protein
from this gene interacts with the protein from d@of as yet undiscovered, gene on the X
chromosome in order to form a functioning pore. ldger, in a hybrid the pore that is
formed is defective and causes sterility. The défifees in the sequencesMiip96have been
subject to adaptive selection, similar to the oteeamples ofspeciation geneslescribed

above.

Post-copulatory isolation can also arise betweewnshsomally differentiated populations
due to chromosomal translocations and inversidngor example, a reciprocal translocation
is fixed in a population, the hybrid produced bedwehis population and one that does not
carry the translocation will not have a completeasis. This will result in the production of
unequal gametes containing unequal numbers of asomes with a reduced fertility. In
certain cases, complete translocations exist tivaive more than two chromosomes, so that
the meiosis of the hybrids is irregular and theitifity is zero or nearly zero. Inversions can
also give rise to abnormal gametes in heterozygodwiduals but this effect has little
importance compared to translocations. An examglecrmomosomal changes causing
sterility in hybrids comes from the study Bfosophila nasutaandD. albomicanswhich are
twin species from the Indo-Pacific region. Ther@dssexual isolation between them and the

F1 hybrid is fertile. However, the F2 hybrids arelatively infertile and leave few
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descendants which have a skewed ratio of the s€kesteason is that the X chromosome of
albomicansis translocated and linked to an autosome whiakse&s abnormal meiosis in
hybrids. Robertsonian translocations are variatinorthe numbers of chromosomes that arise
from either: the fusion of two acrocentric chrommss into a single chromosome with two
arms, causing a reduction in the haploid numbercanversely; or the fission of one
chromosome into two acrocentric chromosomes, & ¢hse increasing the haploid number.
The hybrids of two populations with differing nummbeof chromosomes can experience a

certain loss of fertility, and therefore a poor pidéion, because of irregular meiosis.

3.3.3. Post copulation or fertilization isolation nechanisms in plants

In plants, hybrids often suffer from an autoimmuyadrome known as hybrid necrosis. In
the hybirds, specific gene products contributedbg of the parents may be inappropriately
recognized as foreign and pathogenic, and thugerigervasive cell death throughout the
plant.In at least one case, a pathogen receptor, endnddte most variable gene family in

plants, was identified as being responsible forrigybecrosis.

3.4 Selection for reproductive isolation

In 1950 K. F. Koopman reported results from expenis designed to examine the
hypothesis that selection can increase reproduidolation between populations. He ugzd

pseudoobscurandD. persimilisin these experiments. When the flies of theseiepeare

kept at 16°C approximately a third of the matings iaterspecific. In the experiment equal
numbers of males and females of both species waceg in containers suitable for their
survival and reproduction. The progeny of each gdim were examined in order to
determine if there were any interspecific hybri@ieese hybrids were then eliminated. An

equal number of males and females of the resulpirmgeny were then chosen to act as
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progenitors of the next generation. As the hybwese destroyed in each generation the flies
that solely mated with members of their own spepiegluced more surviving descendants
than the flies that mated solely with individuafdtte other species. In the table to the right it
can be seen that for each generation the numbdeyloids continuously decreased up to the
tenth generation when hardly any interspecific [dgmwere produced. It is evident that
selection against the hybrids was very effectivenareasing reproductive isolation between
these species. From the third generation, the ptiops of the hybrids were less than 5%.
This confirmed that selection acts to reinforce tégroductive isolation of two genetically
divergent populations if the hybrids formed by #hepecies are less well adapted than their

parents.

These discoveries allowed certain assumptions tomasle regarding the origin of
reproductive isolation mechanisms in nature. Namiélgelection reinforces the degree of
reproductive isolation that exists between two gsdue to the poor adaptive value of the
hybrids, it is expected that the populations of species located in the same area will show a
greater reproductive isolation than populationst thee geographically separated. This
mechanism for “reinforcing” hybridization barriens sympatric populations is called the
"Wallace Effect", as it was first proposed by Atr&ussell Wallace at the end of the 19th

century, and it has been experimentally demonstiatboth plants and animals.

The sexual isolation betweddrosophila mirandaand D. pseudoobscutafor example, is
more or less pronounced according to the geograpigin of the flies being studied. Flies
from regions where the distribution of the spedgesuperimposed show a greater sexual

isolation than exists between populations originmatn distant regions.

On the other hand, interspecific hybridization &g can also arise as a result of the adaptive

divergence that accompanies allopatric speciafitis mechanism has been experimentally
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proved by an experiment carried out by Diane DoddDo pseudoobscuraA single

population of flies was divided into two, with ooé the populations fed with starch-based
food and the other with maltose-based food. Thiamhé&hat each sub population was adapted
to each food type over a number of generationserAtie populations had diverged over
many generations, the groups were again mixeda# abserved that the flies would mate
only with others from their adapted population. sThindicates that the mechanisms of

reproductive isolation can arise even though therspecific hybrids are not selected against.

4.0 Conclusion

In this student the student learnt the following:

* Mechanism of isolation
* Pre and Post-zygotic isolation
* Mechanisms governing isolation mechanisms

* Genetics of isolation barriers

5.0 Summary

Isolating mechanisms are the reproductive charatitey which prevent species from fusing.
Isolating mechanisms are particularly importantha biological species concept, in which
species of sexual organisms are defined by reptiv@usolation, i.e. a lack of gene mixture.
Two broad kinds of isolating mechanisms betweencisgeare typically distinguished,

together with a number of sub-types.

6.0 Tutor-Marked Assignment

* What do you understand by isolation mechanisms?
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 What is the relationship between isolation mechasiand the biological species

concept?
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Unit 4 Mutation

1.0 Introduction

In molecular biology and genetics, mutations aranges in a genomic sequence: the DNA
sequence of a cell's genome or the DNA or RNA secgief a virus. They can be defined as

sudden and spontaneous changes in the cell. Mugatice caused by radiation, viruses and
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mutagenic chemicals, as well as errors that ocaung meiosis or DNA replication. They
can also be induced by the organism itself, byutllprocesses such as hyper-mutation. A

mutation is passed to the offspring stably, unieissa dynamic mutation.

2.0 Objectives

At the end of this unit, the student should knoe fibllowing:

+ Definition of mutation
+ What causes mutation

» Types of mutation

3.0 Mutation
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Duplication of part of a chromosome

The cellular machinery that copies DNA sometime&esanistakes. These mistakes change
the sequence of a gene. This is called a mutalioere are many kinds of mutations. A point
mutation is a mutation in which one "letter" of thenetic code is changed to another.
Lengths of DNA can also be deleted or inserted geae; these are also mutations. Finally,
genes or parts of genes can become inverted oicdtgd. Typical rates of mutation are

between 18° and 10" mutations per base pair of DNA per generation.

Most mutations are thought to be neutral with rdgdo fitness. Only a small portion of the
genome of eukaryotes contains coding segmentsuglthsome non-coding DNA is involved
in gene regulation or other cellular functionsisitprobable that most base changes would

have no fithess consequence.

Most mutations that have any phenotypic effect deeterious. Mutations that result in
amino acid substitutions can change the shape @rotein, potentially changing or
eliminating its function. This can lead to inadegjea in biochemical pathways or interfere
with the process of development. Organisms aracseritly integrated that most random

changes will not produce a fithess benefit. Onlyeay small percentage of mutations are
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beneficial. The ratio of neutral to deleterious bWeneficial mutations is unknown and

probably varies with respect to details of the ouquestion and environment.

Mutation limits the rate of evolution. The rate @folution can be expressed in terms of
nucleotide substitutions in a lineage per genematubstitution is the replacement of an
allele by another in a population. This is a twepsprocess: First a mutation occurs in an
individual, creating a new allele. This allele sedpsently increases in frequency to fixation in

the population.

The rate of evolution is k = 2Nvu (in diploids)

Where

k is nucleotide substitutions,

N is the effective population size,

v is the rate of mutation and

u is the proportion of mutants that eventually fixhe population.

Mutation need not be limiting over short time spartse rate of evolution expressed above is
given as a steady state equation; it assumes #tensyis at equilibrium. Given the time
frames for a single mutant to fix, it is uncleapdpulations are ever at equilibrium. A change
in environment can cause previously neutral all@dsave selective values; in the short term
evolution can run on "stored" variation and thusindependent of mutation rate. Other
mechanisms can also contribute selectable variatiBecombination creates new
combinations of alleles (or new alleles) by joinisgquences with separate micro-
evolutionary histories within a population. Genewfl can also supply the gene pool with

variants. Of course, the ultimate source of thes@amts is mutation.

3.1 Causes of mutation
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Two classes of mutations are spontaneous mutatmals induced mutations caused by

mutagens.

Spontaneous mutation

Spontaneous mutatios the molecular level can be caused by:

- Tautomerism — A base is changed by the repositipoina hydrogen atom, altering
the hydrogen bonding pattern of that base resultingcorrect base pairing during
replication.

- Depurination — Loss of a purine base (A or G) torf@n apurinic site (AP site).

- Deamination — Hydrolysis changes a normal basentatgpical base containing a
keto group in place of the original amine groupakyples include G- U and A—
HX (hypoxanthine), which can be corrected by DNAaie mechanisms; and 5MeC
(5-methylcytosine)— T, which is less likely to be detected as a matathecause
thymine is a normal DNA base.

» Slipped strand mispairing - Denaturation of the regkand from the template during
replication, followed by renaturation in a diffetespot ("slipping"). This can lead to

insertions or deletions.

Induced mutation

Induced mutationsn the molecular level can be caused by:

« Chemicals
o Hydroxylamine NHOH

o Base analogs (e.g. BrdU)
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o Alkylating agents (e.gN-ethyl-N-nitrosourea) These agents can mutate both
replicating and non-replicating DNA. In contrast,base analog can only
mutate the DNA when the analog is incorporatecpiicating the DNA. Each
of these classes of chemical mutagens has certf@otsethat then lead to
transitions, transversions, or deletions.

o Agents that form DNA adducts (e.g. ochratoxin A abetites)

o DNA intercalating agents (e.g. ethidium bromide)

o DNA crosslinkers

o Oxidative damage

o Nitrous acid converts amine groups on A and C &zdligroups, altering their
hydrogen bonding patterns which leads to incortease pairing during
replication.

« Radiation

o Ultraviolet radiation (nonionizing radiation). Twaucleotide bases in DNA —
cytosine and thymine — are most vulnerable to tamhahat can change their
properties. UV light can induce adjacent pyrimidbeses in a DNA strand to
become covalently joined as a pyrimidine dimer. tidiation, particularly
longer-wave UVA, can also cause oxidative damad2Na.

o lonizing radiation

o Radioactive decay, such 4€ in DNA

« Viral infections

DNA has so-called hotspots, where mutations ocpuioul00 times more frequently than the

normal mutation rate. A hotspot can be at an uriusas®e, e.g., 5-methylcytosine.
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Mutation rates also vary across species. Evolutiob@logists have theorized that higher

mutation rates are beneficial in some situatioesahse they allow organisms to evolve and
therefore adapt more quickly to their environmeritsr example, repeated exposure of
bacteria to antibiotics, and selection of resistantants, can result in the selection of bacteria

that have a much higher mutation rate than theraigopulation.

3.2 Classifying Mutations
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1. Structural Effects
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The sequence of a gene can be altered in a numbesys. Gene mutations have varying
effects on health depending on where they occur vanether they alter the function of

essential proteins. Structurally, mutations cawclbssified as:

Small-scale mutations These are mutations that affecting one or a fauleotides. These

include:

Point mutations. Point mutations involve an exchange of a singieeotide for another one.
Most common is the transition that exchanges anpuior a purine (A~ G) or a pyrimidine
for a pyrimidine, (C—~ T). Point mutations are often caused by chemigalwalfunction of
DNA replication. A transition can be caused by acid, base mis-pairing, or mutagenic
base analogs such as 5-bromo-2-deoxyuridine (Bridé§s common is a transversion, which
exchanges a purine for a pyrimidine or a pyrimidiae a purine (C/T— A/G). A point
mutation can be reversed by another point mutatiowhich the nucleotide is changed back
to its original state (true reversion) or by secaitd reversion (a complementary mutation
elsewhere that results in regained gene functity)alifThese changes are classified as
transitions or transversions. An example of a trarson is adenine (A) being converted into
a cytosine (C). There are also many other examiilas can be found. Another Point
mutation that occur within the protein coding regiof a gene may be classified into three

kinds, depending upon what the erroneous codonsciode

Silent mutations. Silent mutations are those that code for the sam@o acid, because of
the redundancy of the genetic code. That is, tiei@e change in the bases but the altered

triplet still inserts the same amino acid as befote the protein.

Missense mutationsMissense mutations code for a different amind.aci

Nonsense mutationsNonsense mutations code for a "stop" and carcaéterthe protein.
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Insertions. Insertions are mutations that add one or moreaaxticleotides into the DNA.

They are usually caused by transposable elementsrars during replication of repeating
elements (e.g. AT repeats). Insertions in the @pdagion of a gene may alter splicing of the
MRNA (splice site mutation), or cause a shift ia thading frame (frameshift), both of which
can significantly alter the gene product. Insediacan be reverted by excision of the

transposable element.

Deletions Deletions remove one or more nucleotides fromDMA. Like insertions, these

mutations can alter the reading frame of the g€hey are irreversible.

Large-scale mutations Large scale mutations in chromosomal structurg imaude:

Amplifications. Amplifications (or gene duplications) lead to mple copies of all

chromosomal regions, increasing the dosage ofeheglocated within them.

Deletions Deletions of large chromosomal regions lead &s lof the genes within those

regions.

Juxtaposing mutations Mutations whose effect is to juxtapose previowsdparate pieces of
DNA, potentially bringing together separate gereefotm functionally distinct fusion genes

(e.g. bcr-abl). These include:

Chromosomal translocations Chromosomal translocations interchange genetits ffieom

nonhomologous chromosomes.

Interstitial deletions. Intersitional deletions involve an intra-chromosd deletion that
removes a segment of DNA from a single chromosdhezeby apposing previously distant
genes. For example, cells isolated from a humamm@dbma, a type of brain tumor, were

found to have a chromosomal deletion removing secpse between the "fused in
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glioblastoma” (fig) gene and the receptor tyrodinmease "ros," producing a fusion protein
(FIG-ROS). The abnormal FIG-ROS fusion protein basstitutively active kinase activity

that causes oncogenic transformation (a transfeom&tom normal cells to cancer cells).

Chromosomal inversions Chromosomal inversions involve reversing the raagon of a

chromosomal segment.

Loss of heterozygosity Loss of heterozygosity involves the loss of otielg either by a

deletion or recombination event, in an organisnh pinaviously had two different alleles.

2 Functional Effects

Loss-of-function mutations Loss-of-function mutations are the result of geeduct
having less or no function. When the allele hasmamete loss of function (null allele) it is
often called ammorphic mutationPhenotypes associated with such mutations arée oftes
recessive. Exceptions are when the organism isoltgpbr when the reduced dosage of a

normal gene product is not enough for a normal ptygre (this is called haploinsufficiency).

Gain-of-function mutations. Gain-of-function mutations change the gene prbduch that
it gains a new and abnormal function. These mutatiesually have dominant phenotypes.

Often called aneo-morphic mutatian

Dominant negative mutations Dominant negative mutations (also calladti-morphic
mutationy have an altered gene product that acts antagmaligtto the wild-type allele.
These mutations usually result in an altered mddectunction (often inactive) and are
characterized by a dominant or semi-dominant plygeotin humans, Marfan syndrome is an

example of a dominant negative mutation occurnmgn autosomal dominant disease. In this
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condition, the defective glycoprotein product oé thbrillin gene (FBN1) antagonizes the

product of the normal allele.

Lethal mutations. Lethal mutations are mutations that lead to anptype incapable of

effective reproduction.

3 By aspect of phenotype affected

Morphological mutations. Morphological mutations usually affect the outdvappearance
of an individual. Mutations can change the heigha@lant or change it from smooth to

rough seeds.

Biochemical mutations Biochemical mutations result in lesions stoppthg enzymatic
pathway. Often, morphological mutants are the dimasult of a mutation due to the

enzymatic pathway.

4 By inheritance

The human genome contains two copies of each gemateanal and a maternal allele.

Wildtype or Homozygous non-mutated This occurs when neither of the alleles are

mutated.

« A Heterozygous mutation Heterozygous mutations occurs when only oneeaikel
mutated.

« A Homozygous mutation Homozygous mutation is when both the paternal and
maternal alleles have an identical mutation.

« Compound heterozygousnutations. Compound heterozygous mutationsgereetic

compoundis when the paternal and maternal alleles havedifferent mutations.
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5 Special classes

- Conditional mutation. Conditional mutation is a mutation that has witde (or less
severe) phenotype under certain "permissive" enwiental conditions and a mutant
phenotype under certain "restrictive" conditionsr Example, a temperature-sensitive
mutation can cause cell death at high temperatesdrictive condition), but might

have no deleterious consequences at a lower tetape(germissive condition).

3.3 Harmful mutations

Changes in DNA caused by mutation can cause em@gotein sequence, creating partially
or completely non-functional proteins. To functicorrectly, each cell depends on thousands
of proteins to function in the right places at tight times. When a mutation alters a protein
that plays a critical role in the body, a medicahdition can result. A condition caused by
mutations in one or more genes is called a gemdiBorder. However, only a small
percentage of mutations cause genetic disorderst mave no impact on health. For
example, some mutations alter a gene's DNA baseeseq but do not change the function of

the protein made by the gene.

If a mutation is present in a germ cell, it canegnse to offspring that carries the mutation in
all of its cells. This is the case in hereditargedises. On the other hand, a mutation can occur
in a somatic cell of an organism. Such mutation lbg present in all descendants of this

cell, and certain mutations can cause the celetmime malignant, and thus cause cancer.

Often, gene mutations that could cause a genesardir are repaired by the DNA repair
system of the cell. Each cell has a number of payiswhrough which enzymes recognize and
repair mistakes in DNA. Because DNA can be damagedhutated in many ways, the

process of DNA repair is an important way in whilsh body protects itself from disease.
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3.4 Beneficial Mutations
A very small percentage of all mutations actuallyd a positive effect. These mutations lead
to new versions of proteins that help an organisih iés future generations better adapt to

changes in their environment.

For example, a specific 32 base pair deletion imdm CCR5 (CCR%32) confers HIV
resistance to homozygotes and delays AIDS onsbketerozygotes. The CCR5 mutation is
more common in those of European descent. One\tli@othe etiology of the relatively high
frequency of CCR%32 in the European population is that it conferredistance to the
bubonic plague in mid-fourteenth century Europe@@who had this mutation were able to
survive infection thus its frequency in the popwatincreased. It could also explain why this
mutation is not found in Africa where the buboniague never reached. A more recent
theory says the selective pressure on the CCR5a[3t mutation has been caused by

smallpox instead of bubonic plague.

4.0 Conclusion

At the end of this unit, the student learnt thédfe@ing:

* Definition of mutation

e Causes and Classifications of mutation.

5.0 Summary

Mutation is the alteration of DNA sequence, whethes in a small way by the alteration of a
single base pair, or whether it be a gross evenh s@as the gain or loss of an entire
chromosome. It may be caused through the actiomanfaging chemicals, or radiation, or

through the errors inherent in the DNA replicat@amd repair reactions. One consequence
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may be genetic disease. However, although in the érm mutation may seem to b8AD
THING, in the long term it is essential to our exister\dgthout mutation there could be no
change and without change life cannot evolve. Ihad not been for mutation the world

would still be covered in primeval slime.

6.0 Tutor-Marked Assignment

* What is mutation?
* What are the different types of mutation?

* How important is mutation to the evolutionary pres®
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1.0 Introduction

Entirely, every aspect of the behaviour and forno@fanisms are influenced by evolution.
Importantly, the most prominent are the specifioda@oural and physical adaptations that are
the outcome of natural selection. Certain actigitege aided by these adaptations which
increase fitness. Such activities include; findiagd, avoiding predators or attracting mates.
Organisms can also respond to selection by co-tipgravith each other, usually by aiding
their relatives or engaging in mutually benefiggimbiosis. Evolution produces new species
through splitting ancestral populations of orgarssnto new groups that cannot or will not

interbreed in the longer term.
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2.0 Objectives

Based on the theories of evolution, at the endhisf $tudy; the student should be able to
discuss the outcomes of evolution and how theseom#s affect the changes in our

environment, related to species existence.

3.0Main focus

The outcomes of evolution are sometimes divided macroevolution. Macroevolution
occurs at or above the level of species, such @scérn and speciation andicroevolution,
which refers to smaller evolutionary changes, sashadaptations, within a species or
population. Generally, the outcome of long periods microevolution is referred
macroevolution. Hence, the distinction between aicand macroevolution is not a
fundamental one — the time involved is simply thigedence. In macroevolution however,
the traits of the entire species may be importBat. example, a large amount of variation
among individuals allows a species to rapidly adeptew habitats, reducing the possibility
of the species going extinct, while a wide geogi@aptange increases the chance of
speciation, by making it more likely that part be&tpopulation will become isolated. In this
regard, microevolution and macroevolution mightalve selection at different levels —
microevolution acting on genes and organisms, atjaimacroevolution processes which
include species selection acting on entire speammesaffecting their rates of speciation and

extinction.

It is often misconceived that evolution has goaldong-term plans; in the real sense of it
however, evolution has no long-term goal and does mecessarily produce greater
complexity. Inspite of the fact that complex spedmave evolved, they occur as a side effect

of the overall number of organisms increasing amtpke forms of life still remain more
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common in the biosphere. A good example is thabtrerwhelming majority of species are
microscopic prokaryotes, which form about half therld's biomass despite their small size
and constitute the vast majority of Earth's biotsitg. Simple organisms therefore have been
the dominant form of life on Earth throughout itstbry and continue to be the main form of
life up to the present day, with complex life omlgpearing more diverse because it is more
noticeable. Importantly, the evolution of microangams is particularly important to modern
evolutionary research, since their rapid reproductallows the study of experimental

evolution and the observation of evolution and aakegn in real time.

In 1859 the English naturalist Charles Darwin pshed The Origin of Species. The book
pointed at two major arguments: First, Charles Darpresented a dearth of evidence of

evolution. He said that all living things on eatblday are the descendants of earlier species.

Second, he proposed a mechanism of natural seiectiexplain how evolution takes place.

Evolution involves two interrelated phenomena; afépn and speciation.

3.1 Adaptation

Over a period of time, species modify their phepetyin certain ways that allow them to
succeed in their environment. Adaptation is a gedthat ensures organisms are better suited
to their habitatAdaptation may also refer to a trait that is keyatboorganism's survival. A
good example is the adaptation of horses' teetheéayrinding of grass. By using the term
adaptationfor the evolutionary process aadaptive traitfor the product the two senses of
the word may be distinguished. Adaptations are yced by natural selectioheodosius

Dobzhansky brought about the following definitions;

1. Adaptationis the evolutionary process whereby an organisoomes better able to

live in its habitat or habitats.
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2. Adaptednesss the state of being adapted: the degree to wdmcbrganism is able to
live and reproduce in a given set of habitats.
3. An adaptive traitis an aspect of the developmental pattern of tigarosm which

enables or enhances the probability of that orgasisrviving and reproducing.

Adaptation may cause either the loss of an anddstature or the gain of a new feature. An
example that shows both types of change is batetaptation to antibiotic selection, with
genetic changes causing antibiotic resistance tweremodifying the target of the drug, or
increasing the activity of transporters that puimg drug out of the cell. A controversial but
interesting idea is that some adaptations mightease the ability of organisms to generate

genetic diversity and adapt by natural selection

A baleen whale skeleton,andb label flipper bones, which were adapted from fregtbones: while

c indicates vestigial leg bones, suggesting an atiaptfrom land to sea.

Adaptation occurs through the gradual modificatafnexisting structures. Consequently,
structures with similar internal organisation magvé different functions in related
organisms. This is the result of a single ancedtalcture being adapted to function in
different ways. The bones within bat wings, for myde, are very similar to those in mice
feet and primate hands, due to the descent dfiedlet structures from a common mammalian
ancestor. However, since all living organisms ailated to some extent, even organs that

appear to have little or no structural similargych as arthropod, squid and vertebrate eyes,
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or the limbs and wings of arthropods and vertebraten depend on a common set of

homologous genes that control their assembly anctifon; this is called deep homology.

During evolution, some structures may lose theiginal function and become vestigial
structures. Such structures may have little orumztion in a current species, yet have a clear
function in ancestral species, or other closelstesl species. Examples include pseudogenes,
the non-functional remains of eyes in blind caveslling fish wings in flightless birds, and
the presence of hip bones in whales and snakesni&a of vestigial structures in humans
include wisdom teeth, the coccyx, the vermiform eappix, and other behavioural vestiges

such as goose bumps and primitive reflexes

An area of current investigation in evolutionarywel®pmental biology is the developmental
basis of adaptations and exaptations. This resdawits at the origin and evolution of
embryonic development and how modifications of digwment and developmental processes
produce novel features. This study has shown thalugon can change a development to
produce new structures, such as embryonic bonetstas that develop into the jaw in other
animals instead forming part of the middle ear @mmmmals. It is also possible for structures
that have been lost in evolution to reappear duwdhémges in developmental genes, such as a
mutation in chickens causing embryos to grow teathilar to those of crocodiles. It is now
becoming apparent that most alterations in the fofrorganisms are due to changes in a

small set of conserved genes.

3.2 Speciation
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The four Mechanisms of Speciatio

When a species diverges into two or more descendpeties, the process is cal
Speciationln attempting to define what a species is, we fimndtiple ways of doing scThe
choice of definition is dependent on the partidties of the species concern A good
example is thatsome species concepts apply more readily towardiaigxreproducing
organisms while others lend themselves better tbaaexual organismAlthough there are
a variety ofspecies concepts, these various concepts can bedpiato one of thie broad

philosophical approaches: interbreeding, ecologiodl phylogeneti

Barriers to reproductiorbetween two diverging sexual populations are reguifor the
populations tdoecome new speci. Gene flow may slow this process by spreadingning
genetic variants also to the other populations. dddmg on how far two species he
diverged since theimost recent common ances, it may still be possible for them
produce offspring, as withorse and donkeys mating to produpsules. Such hybrids are
generally infertile In this case, closely related species may relyuiaterbreed, bt hybrids
will be selected against and the species will rendistinct. However, viable hybrids &

occasionally formed and these new species canrdithee properties intermediate betw:
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their parent species, or possess a totally newqgiiiee@. The importance of hybridisation in
producing new species of animals is unclear, althatases have been seen in many types of

animals, with the gray tree frog being a partidylarell-studied example.

Speciation has been observed under controlled dédryr conditions and in nature. In
sexually reproducing organisms, speciation reduttis reproductive isolation followed by
genealogical divergence. There are four mechanfemspeciation. The most common in
animals is allopatric speciation, which occurs applations initially isolated geographically,
such as by habitat fragmentation or migration. &&le under these conditions can produce
very rapid changes in the appearance and behavfaunganisms. As selection and drift act
independently on populations isolated from the reSttheir species, separation may

eventually produce organisms that cannot interbreed

The second mechanism of speciation is peripatrgciagon, which occurs when small
populations of organisms become isolated in a maviwr@nment. This differs from allopatric
speciation in that the isolated populations are enigally much smaller than the parental
population. Here, the founder effect causes rapetiation after an increase in inbreeding

increases selection on homozygotes, leading tal iggrietic change.

The third mechanism of speciation is parapatriccisp@n. This is similar to peripatric
speciation in that a small population enters a iabitat, but differs in that there is no
physical separation between these two populatibmgead, speciation results from the
evolution of mechanisms that reduce gene flow betwthe two populations. This occurs
when there has been a drastic change in the emvéwoinwithin the parental species' habitat.
One example is the grassithoxanthum odoratumwvhich undergoes parapatric speciation in
response to localised metal pollution from minesthiis instance, plants that have resistance

to high levels of metals in the soil evolve. Satattagainst interbreeding with the metal-
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sensitive parental population produced a graduahgé in the flowering time of the metal-
resistant plants, which eventually produced corepleproductive isolation. Selection against
hybrids between the two populations may careeforcement which is the evolution of
traits that promote mating within a species, ad aglcharacter displacement, which is when

two species become more distinct in appearance.

Lastly, sympatric speciation is where species digavithout geographic isolation or changes
in habitat. This is rare since even a small amaiigene flow may remove genetic
differences between parts of a population. Gengrsyimpatric speciation in animals requires
the evolution of both genetic differences and namdom mating, to allow reproductive

isolation to evolve.

The cross-breeding of two related species to p@aunew hybrid species is one type of
sympatric speciation. This is not common in aninmedsanimal hybrids are usually sterile.
This is because during meiosis the homologous chsomes from each parent are from
different species and cannot successfully pair. éles, it is more common in plants because
plants often double their number of chromosomesfotan polyploids. This allows the

chromosomes from each parental species to formhimgtgairs during meiosis, since each
parent's chromosomes are represented by a paadglrdn example of such a speciation
event is when the plant specidgbidopsis thalianandArabidopsis arenosaross-bred to

give the new specieArabidopsis suecicaThis happened about 20,000 years ago and the
speciation process has been repeated in the labgrathich allows the study of the genetic
mechanisms involved in this process. Indeed, chsmme doubling within a species may be
a common cause of reproductive isolation, as Hhaéf tloubled chromosomes will be

unmatched when breeding with undoubled organisms.

3.3 Extinction
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The disappearance of an entire species is callgéoshdion . It is not an unusual event,
however species regularly appear through speciatohdisappear through extinction. Most
animal and plant species that have lived on Eaitlons of years ago are now extinct, and
this appears to be the ultimate fate of all spediesse extinctions have been continuous and
have happened through the course of our histotigarworld, although the rate of extinction
spikes in occasional mass extinction events. Tle¢aCeous—Tertiary extinction event, during
which the non-avian dinosaurs went extinct is thesimwell-known, but the earlier
approximately 96% of species driven to extinctiaming the Permian—Triassic extinction
event was even more severe. The Holocene extinetrent is an ongoing mass extinction
associated with humanity's expansion across theegliver the past few thousand years.
Present-day extinction rates are 100-1000 timeatgrehan the background rate and up to
30% of species may be extinct by the mid 21st egntduman activities are now the primary

cause of the ongoing extinction event; global wagnnay further accelerate it in the future.

The role of extinction in evolution is not very Wwehderstood and may depend on which type
of extinction is considered. The major reasons tf@ continuous "low-level" extinction

events, which form the majority of extinctions, miag the result of competition between
species for limited resources. If one species aatrcompete another, this could produce
species selection, with the fitter species surngvand the other species being driven to
extinction. The intermittent mass extinctions al®amportant, but instead of acting as a
selective force, they drastically reduce divergitya nonspecific manner and promote bursts

of rapid evolution and speciation in survivors.
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4.0 Conclusion

The student should be able to adequately discessutcomes of evolution and how it has
shaped the existence of present day species iwond today. The student should also be

able to elaborate on the major aspects that haeendi@ed the existence of species.

5.0 Summary

Evolutionary outcomes have shaped the way our werldday. As evolution has influenced
and shaped organisms in terms of behaviour and,foatural selection has resulted in
physical adaptations and specific behavioural patteThe outcomes including adaptation,
speciation and extinction have been key factorsithae ensured the changes and survival of

species.

6.0 Tutor-Marked Assignment

* What are the outcomes of Evolution
* What do you understand by Speciation and Adaptation

* What are the mechanisms in Speciation
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1.0 Introduction

The study ofallele frequency, distribution and change underitifi@ence of the four main
evolutionary processes namely: natural selectiemetic drift, mutation and gene flow. It
takes into account the factors of recombinationputetion subdivision and population

structure. Population genetics attempts to ex@daptation and speciation.

The emergence of the modern evolutionary syntheasdue in part to Population genetics.
Its primary founders were Sewall Wright, J. B. @lddne and R. A. Fisher, who also laid the

foundations for the related discipline of quanivMatgenetics.

2.0 Objectives

At the end of this unit, students should be able to

» Define Population Genetics

» Describe the History of Population Genetics

3.0 Population Genetics

Population genetics is a field of biology that $stsdthe genetic composition of biological
populations and the observed changes in the gewetigposition that result from the
operation of various factors, including naturaleséibn. Experts in population genetics
pursue their goals by employing the following metsio development of mathematical
models of gene frequency dynamics, extraction oicksions from those models about the
likely patterns of genetic variation in actual ptgtions and testing the conclusions against
empirical data. A number of the more robust gemmaabns to emerge from population-

genetic analysis include;
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Population genetics as being bound with the stdayolution and natural selection, which is
often referred to as the theoretical cornerstonaadern Darwinism. This is as a result of the
fact that natural selection is one of the most irtpd factors that can affect a population's
genetic composition. Natural selection occurs wiseme variants in a population out-
reproduce other variants, as a result of beingebettlapted to the environment, or ‘fitter’.
Presuming the fitness differences are at leaslypduie to genetic differences, this will cause
the population's genetic makeup to be altered ower. While studying the formal models of
gene frequency change, population genetics experis to shed light on the evolutionary
process and permit the consequences of differeiiganary hypotheses to be explored in a

guantitatively precise way.

In the 1920s and 1930s the field of population geseame into light due to the work of
R.A. Fisher, J.B.S. Haldane and Sewall Wright. Treshievement was to integrate the
principles of Mendelian genetics, which had beafisevered at the turn of century, with
Darwinian natural selection. Many of the early Melmhs did not accept Darwin's
‘gradualist’ account of evolution, believing instethat novel adaptations must arise in a
single mutational step; conversely, many of thelye®@arwinians did not believe in
Mendelian inheritance, often because of the erraséelief that it was incompatible with the
process of evolutionary modification as describgdbarwin. By working out mathematically
the consequences of selection acting on a popnlatieeying the Mendelian rules of
inheritance, Fisher, Haldane and Wright showed Betwvinism and Mendelism were not
just compatible but excellent bed fellows; thisyeld a key part in the formation of the ‘neo-
Darwinian synthesis’, and explains why populati@metics came to occupy so pivotal a role

in evolutionary theory.
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Population genetics is the study of the frequenty mteraction of alleles and genes in
populations. A sexual population is a set of orgars in which any pair of members can
breed together. This implies that all members lgplkonthe same species and live near each

other.

A good example is; all of the moths of the samecigseliving in an isolated forest are a
population. A gene in this population may have savalternate forms, which account for
variations between the phenotypes of the organishms.example might be a gene for
coloration in moths that has two alleles: black arfiite. A gene pool is the complete set of
alleles for a gene in a single population; thelafeequency for an allele is the fraction of the
genes in the pool that is composed of that alEl@lution occurs when there are changes in
the frequencies of alleles within a population; éxample, the allele for black colour in a

population of moths becoming more common.

3.1 History of Population Genetics

Population genetics began as attempting to reatiod Mendelian and biometrician models.
A major step was the work of the British biologastd statistician R.A. Fisher. In a series of
papers starting in 1918 and culminating in his 1880k The Genetical Theory of Natural
Selection Fisher showed that the continuous variation nregshy the biometricians could
be produced by the combined action of many disaetees, and that natural selection could
change allele frequencies in a population, reggltmevolution. In 1924, a series of papers
by J.B.S. Haldane worked out the mathematics elealirequency change at a single gene
locus under a broad range of conditions. Haldase abplied statistical analysis to real-
world examples of natural selection, such as tloduéien of industrial melanism in peppered
moths, and showed that selection coefficients cbelthrger than Fisher assumed, leading to

more rapid adaptive evolution.
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Sewall Wright an American biologist, who had a lgrdkind in animal breeding

experiments, centred his research on combinatibneteracting genes and the effects of
inbreeding on small, relatively isolated populasioiat exhibited genetic drift. In 1932,
Wright introduced the concept of an adaptive laadscand argued that genetic drift and
inbreeding could drive a small, isolated sub-pofoiteaway from an adaptive peak, allowing

natural selection to drive it towards different piilee peaks.

Population genetics as a discipline was based emwtirk of Fisher, Haldane and Wright.
This integrated natural selection with Mendelianajecs, which was the critical first step in

developing a unified theory of how evolution worked

John Maynard Smith was Haldane's pupil, whilst WHamilton was heavily influenced by
the writings of Fisher. The American George R. ®rgorked with both Hamilton and
Maynard Smith. American Richard Lewontin and Japanblotoo Kimura were heavily

influenced by Wright.

Ordinary genetics in comparism with population dgexse looks at how one selects breeding
stock to produce the best possible offspring. Paipari genetics looks at the statistical
distribution of genes in a particular breeding gapan, such as a breed of dog, and how
different kinds of selection can affect that genstribution. Ordinary genetics is seen as
predicting the phenotypic makeup of the next garm@rawhile population genetics predicts

the genetic makeup of the breed as a whole, o&eeral generations away.

Population genetics is concerned with gene andtgpadrequencies, the factors that tend to
keep them constant, and the factors that tend amggh them in populations. It is largely
concerned with the study of polymorphisms. It disedmpacts counselling, forensic

medicine, and genetic screening.
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The mathematics of population genetics was orityindéveloped as the beginning of the
modern evolutionary synthesis. According to Be&1t986), population genetics defines the
core of the modern synthesis. In the first few desaof the 20th century, most field
naturalists continued to believe that Lamarckiad anthogenic mechanisms of evolution
provided the best explanation for the complexigytbbserved in the living world. However,
as the field of genetics continued to develop, ¢haiews became less tenable. During the
modern evolutionary synthesis, these ideas wergegiirand only evolutionary causes that
could be expressed in the mathematical frameworkagulation genetics were retained.
Consensus was reached as to which evolutionargriantight influence evolution, but not as

to the relative importance of the various factors.

Theodosius Dobzhansky, a postdoctoral worker ilH.TMorgan's lab, had been influenced
by the work on genetic diversity by Russian gem&scsuch as Sergei Chetverikov. He
helped to bridge the divide between the foundatiohsnicroevolution developed by the

population geneticists and the patterns of macro&eo observed by field biologists, with

his 1937 book Genetics and the Origin of SpeciesbzZDansky examined the genetic
diversity of wild populations and showed that, cant to the assumptions of the population
geneticists, these populations had large amourgsmdtic diversity, with marked differences
between sub-populations. The book also took thielyigathematical work of the population

geneticists and put it into a more accessible fdviany more biologists were influenced by
population genetics via Dobzhansky than were ablead the highly mathematical works in

the original.

4.0 Conclusion

Students should be able to explain population geneis we know it today. They should

understand how the present theory arose from thd tereconcile Mendel with Darwin, a
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need which became increasingly urgent as the erapievidence for Mendelian inheritance

began to pile up.

5.0 Summary

Population genetics is concerned with gene andtgpadrequencies, the factors that tend to

keep them constant, and the factors that tenddngghthem in populations.

6.0 Tutor-Marked Assignment

- What are the principles of population genetics
- ldentify keys areas of biological and environmerdahservation where a genetic
approach benefits outcomes of management

« Critically review original research in populatioargetics

7.0 Reference Reading

Postlethwalt, John (2009Ylodern Biology Holt, Rinehart and Winston. pp. 317

Hartl, Daniel (2007)Principles of Population GeneticSinauer Associatep. 95

Michael M. Desai, Daniel S. Fisher (2007). "BenfidMutation Selection Balance and

the Effect of Linkage on Positive Selectioseneticsl76(3): 1759-1798

Provine, W.B., 1971,The Origins of Theoretical Population Genetic€hicago:

University of Chicago Press.
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1.0 Introduction

Population genetics is governed by four fundameptalcesses. Population genetics is
intimately bound up with the study of evolution amattural selection, and is often regarded as
the theoretical cornerstone of modern Darwinisme Tdur processes governing population

genetics include; Natural selection, genetic dniftitation and gene flow and transfer.

2.0 Objectives
« To explain classical transmission genetics andudisthis in the context of genes
* To review the overwhelming scientific evidence lbowlogical evolution

* To explore how selection influences the geneticmosition of a population

3.0 Natural Selection

Selectionrefers to changes in allele frequencies due toeffexts of the gene on its host.
Examples would be effects lowering or increasing dieath rate of individuals carrying the
gene, or lowering or increasing the number of ivising offspring.Natural selection is the

fact that some traits make it more likely for agamism to survive and reproduce. Population gesetic
describes natural selection by defining fithessaagropensity or probability of survival and
reproduction in a particular environment. The fisés normally given by the symbekl+s wheres

is the selection coefficient. Natural selectionsamt phenotypes, or the observable characterstics
organisms, but the genetically heritable basisngf@henotype which gives a reproductive advantage
will become more common in a population. In thisywaatural selection converts differences in

fithess into changes in allele frequency in a patioth over successive generations.

Prior to the advent of population genetics, marotdgists doubted that small difference in
fitness was sufficient to make a large difference evolution. Population geneticists
addressed this concern in part by comparing selecto genetic drift. Selection can

overcome genetic drift whes is greater than 1 divided by the effective popafatsize.
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When this criterion is met, the probability thahew advantageous mutant becomes fixed is
approximately equal ts. The time until fixation of such an allele depenitiée on genetic

drift, and is approximately proportional to log(¢)

3.1 Genetic Drift

Genetic driftis the result of probabilistic effects due to Meligta or to the chance effects of
mating and survival in a small population. A caroéa particular allele may leave no
surviving offspring for reasons which have nothiaglo with that allele, for example
accidental death. In general, the number of theidag offspring of an individual can be
thought of as a random variable, with a mean glwegelection, but with still a positive
probability of being zero. An allele that has sesélve advantage over others may still be lost

from the population due to random effects.

Genetic drift is referred to as a change in alfedguencies due to random sampling. That is,
the alleles in the offspring are a random samplého$e in the parents. Genetic drift may
cause gene variants to disappear completely, aeckl reduce genetic variability. In
contrast to natural selection, which makes genéan&s more common or less common
depending on their reproductive success, the clsadge to genetic drift are not driven by
environmental or adaptive pressures, and may befioeal, neutral, or detrimental to

reproductive success.

The effect of genetic drift is larger for allelesepent in a smaller number of copies and
smaller when an allele is present in many copiegoMus debates wage among scientists

over the relative importance of genetic drift comgabwith natural selection.

Ronald Fisher held the view that genetic drift glay the most a minor role in evolution, and

this remained the dominant view for several decades
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In 1968 Motoo Kimurarekindled the debate with hneutral theory of molecular evoluti
which claims that most of the changes in the gematterial are caused by neutral mutati
ard genetic drift. The role of genetic drift by mearissampling error in evolution has be
criticized byJohn H Gillespi and Will Proving who argue that selection on linked sites

more important stochastic for:

The population genetics of genetic drift are dématiusing eithebranching process or a
diffusion equationdescribing changes in allele frequency. These agbes are usual
applied to the Wrightisher and Moran ndels of population genetics. Assuming gen
drift is the only evolutionary force acting on dfeke, after t generations in many replica
populations, starting with allele frequencies @mal g, the variance in allele frequency acl

those populations is

i m(t-e{-5})
t ~ Py P IN.

The Wright-Fishermodel is an attempt to model these and similaccefferhe Wrigr-Fisher

model for dioecious populations assumes that thpeilption is rigidly held aN1 males land
N2 females over many generations. At the beginningeath generation, the populati
undergoesandommatingto produce a large number offspring. Of theN1 males and\2

females are chosen at random to adulthood andceefite parent:

3.2 Mutation

Mutation is the ultimate source genetic variationn the form of new alleles. Mutation ¢
result in several different types of change in DBEjuences; these can either | no effect,
alter the product of a ger, or prevent the gene from functioning. Studiesthe fly

Drosophila melanogastesuggest that if a mutation changes a protein prdily a gene
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this will probably be harmful, with about 70 perteri these mutations having damaging

effects, and the remainder being either neutrateakly beneficial.

Mutations can involve large sections of DNA becognduplicated, usually through genetic
recombination. These duplications are a major swicraw material for evolving new
genes, with tens to hundreds of genes duplicateghimal genomes every million years.
Most genes belong to larger families of genes afesth ancestry. Novel genes are produced
by several methods, commonly through the duplicaéind mutation of an ancestral gene, or
by recombining parts of different genes to form rembinations with new functions. Here,
domains act as modules, each with a particularirakebendent function, that can be mixed
together to produce genes encoding new proteins motvel properties. For example, the
human eye uses four genes to make structuresahse¢ sight: three for color vision and one
for night vision; all four arose from a single asttal gene. Another advantage of duplicating
a gene is that this increases redundancy; thisvallane gene in the pair to acquire a new
function while the other copy performs the origirfahction. Other types of mutation

occasionally create new genes from previously ndmgpDNA.

In addition to being a major source of variationytation may also function as a mechanism
of evolution when there are different probabilitias the molecular level for different

mutations to occur, a process known as mutatios Hi&wo genotypes, for example one with
the nucleotide G and another with the nucleotidénAhe same position, have the same
fitness, but mutation from G to A happens more roftean mutation from A to G, then

genotypes with A will tend to evolve. Different arsion vs. deletion mutation biases in
different taxa can lead to the evolution of difftregenome sizes. Developmental or

mutational biases have also been observed in mloghbal evolution. For example,
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according to the phenotype-first theory of evolationutations can eventually cause the

genetic assimilation of traits that were previouslyuced by the environment.

Mutation bias effects are superimposed on othecgsses. If selection would favor either
one out of two mutations, but there is no extraaatixge to having both, then the mutation
that occurs the most frequently is the one thatast likely to become fixed in a population.
Mutations leading to the loss of function of a geme much more common than mutations
that produce a new, fully functional gene. Mostslad function mutations are selected
against. But when selection is weak, mutation W@sards loss of function can affect
evolution. For example, pigments are no longerulsghen animals live in the darkness of
caves, and tend to be lost. This kind of loss atfion can occur because of mutation bias,
and/or because the function had a cost, and oredehefit of the function disappeared,
natural selection leads to the loss. Loss of sptinnl ability in a bacterium during laboratory
evolution appears to have been caused by mutaias) tather than natural selection against
the cost of maintaining sporulation ability. Whéeite is no selection for loss of function, the
speed at which loss evolves depends more on thatiowtate than it does on the effective

population size, indicating that it is driven méemutation bias than by genetic drift.

3.3 Gene Flow and Transfer

Gene flow is the exchange of genes between popuoktiwhich are usually of the same
species. Examples of gene flow within a speciekidecthe migration and then breeding of
organisms, or the exchange of pollen. Gene tramseveen species includes the formation

of hybrid organisms and horizontal gene transfer.
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Migration into or out of a population can changkelal frequencies, as well as introducing
genetic variation into a population. Immigration ynadd new genetic material to the

established gene pool of a population. Conversshygration may remove genetic material.

3.4Reproductive isolation

As barriers to reproduction between two divergingpydations are required for the
populations to become new species, gene flow nay #his process by spreading genetic
differences between the populations. Gene flowingldred by mountain ranges, oceans and
deserts or even man-made structures such as tlae \Bedl of China, which has hindered the

flow of plant genes.

Depending on how far two species have divergecedineir most recent common ancestor, it
may still be possible for them to produce offspriag with horses and donkeys mating to
produce mules. Such hybrids are generally infertdae to the two different sets of

chromosomes being unable to pair up during meitisithis case, closely related species may
regularly interbreed, but hybrids will be selectaghinst and the species will remain distinct.
However, viable hybrids are occasionally formed d&nelse new species can either have
properties intermediate between their parent speorepossess a totally new phenotype. The
importance of hybridization in creating new speaxsanimals is unclear, although cases
have been seen in many types of animals, with thg fyee frog being a particularly well-

studied example.

Hybridization is, however, an important means ofécsgtion in plants, since polyploidy is
tolerated in plants more readily than in animalslyploidy is important in hybrids as it

allows reproduction, with the two different setscbfomosomes each being able to pair with
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an identical partner during meiosis. Polyploidsoal®ave more genetic diversity, which

allows them to avoid inbreeding depression in sp@tiulations.

3.5 Genetic structure

Because of physical barriers to migration, alonghwimited tendency for individuals to
move or spread, and tendency to remain or come tmackatal place, natural populations
rarely all interbreed as convenient in theoretrealdom models (Bustoet al, 2007). There
is usually a geographic range within which indivatku are more closely related to one
another than those randomly selected from the gepepulation. This is described as the
extent to which a population is genetically struetl (Repaciet al, 2007). Genetic
structuring can be caused by migration due to hesb climate change, species range

expansion or current availability of habitat.

3.6 Horizontal Gene Transfer

Horizontal gene transfer is the transfer of genetamterial from one organism to another
organism that is not its offspring; this is mostmeoon among bacteria. In medicine, this
contributes to the spread of antibiotic resistarasewhen one bacteria acquires resistance
genes it can rapidly transfer them to other spetiesizontal transfer of genes from bacteria
to eukaryotes such as the ye& iccharomyces cerevisiaand the adzuki bean beetle
Callosobruchus chinensimay also have occurred. An example of larger-stalesfers are
the eukaryotic bdelloid rotifers, which appear tavé received a range of genes from
bacteria, fungi, and plants. Viruses can also cBiM between organisms, allowing transfer
of genes even across biological domains. Largeeggate transfer has also occurred between
the ancestors of eukaryotic cells and prokaryatasing the acquisition of chloroplasts and

mitochondria.
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3.7 Complications in Population Genetic

Basic models of population genetics consider omg gene locus at a time. In practi

epistatic and linkageelationships between loci may also be impor
Epistasis

Because of epistasithe phenotypic effect of an allele at one locusyrdepend on whic
alleles are present at many other loci. Selectioesdnot act on a single locus, but o

phenotype that arisehrough development from a complete geno

According to Lewontin(1974), the theoretical task for population gersetsca process in tw
spaces: a "genotypic space" a "phenotypic space”. The challenge «completetheory of
population genetics is to provide a set of laws gnadictably map a population genotypes
(Gy) to a phenotype spacBif, where selectiotakes place, and another set of laws that

the resulting populationPg) back togenotype space,) where Mendeliar genetics can
predict the next generation of genotypes, thus ¢eting the cycle. Even leaving aside

the moment the noRlendelian aspects (molecular genetigsthis is clearly a gargantui

task. Visualizing this transformation schematici
GAPAPAGHE - -
(Adapted from Lewontin 1974, 12). XD

T, represents the genetic arepigeneticlaws, the aspects of functional biology,
development that transform a genotype o phenotype. We will refer to this as 1
"genotype-phenotype mapT, is the transformation due to natural selectiT; are
epigenetic relations that predictnotypes based on the selected phenotypes and/iT, the

rules of Mendelian genetics.
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In practice, there are two bodies of evolutionamgary that exist in parallel, traditional
population genetics operating in the genotype spackthe biometric theory used in plant
and animal breeding, operating in phenotype spBoe.missing part is the mapping between
the genotype and phenotype space. This leads ste@ghit of hand" (as Lewontin terms it)
whereby variables in the equations of one domaim,cansidered parameters @nstants
where, in a full-treatment they would be transfodnieemselves by the evolutionary process
and are in realityunctionsof the state variables in the other domain. Theidkt of hand" is
assuming that we know this mapping. Proceeding ageido understand it is enough to
analyze many cases of interest. For example, ifptienotype is almost one-to-one with
genotype (sickle-cell disease) or the time-scalsui§iciently short, the "constants” can be

treated as such; however, there are many situattbese it is inaccurate.

Linkage

If all genes are in linkage equilibrium, the effedtan allele at one locus can be averaged
across the gene pool at other loci. In reality, aflele is frequently found in linkage

disequilibrium with genes at other loci, especiallith genes located nearby on the same
chromosome. Recombination breaks up this linkageddiilibrium too slowly to avoid

genetic hitchhiking, where an allele at one logsss to high frequency because it is linked to
an allele under selection at a nearby locus. T problem for population genetic models
that treat one gene locus at a time. It can, howdeexploited as a method for detecting the

action of natural selection via selective sweeps.

In the extreme case of primarily asexual populajodmkage is complete and different
population genetic equations can be derived angedpivhich behave quite differently to the
sexual case. Most microbes, such as bacteria, sgrual. The population genetics of

microorganisms lays the foundations for tracking tbrigin and evolution of antibiotic
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resistance and deadly infectious pathogens. Pamuilgenetics of microorganisms is also an
essential factor for devising strategies for thesewvation and better utilization of beneficial

microbes (Xu, 2010).

4.0 Conclusion

At the conclusion of this course, students sho@dble to; Define population genetics and
applications to other disciplines, Review basic ajien background including genes and

alleles, discuss the four processes in populatanetics.

5.0 Summary
Population genetics is a field of biology that stsdthe genetic composition of biological
populations, and the changes in genetic compoditianresult from the operation of various
factors, including natural selection. Populatiomejecists usually define ‘evolution’ as any
change in a population's genetic composition owvee.t The four factors that can bring about
such a change are: natural selection, mutatiomlormargenetic drift, and migration into or out
of the population.
6.0 Tutor-Marked Assignment

* How do genes act in a population

* What is population genetics

* What are the processes governing population genetic
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1.0Introduction

Evolution is not only the development of new spedem older ones, as most people
assume. lItis also the minor changes within aispdiom generation to generation over long
periods of time that can result in the gradual ditaon to new species. Evolution has been
defined as the sum total of the genetically inleerithanges in the individuals who are the
members of a population's gene pool. It is cléat the effects of evolution are felt by

individuals, but it is the population as a wholeatthctually evolves.
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2.00bjectives

At the end of this study, students should be ahle t

» Discuss the importance of the Hardy-Weinberg Ppileci
* Apply the Hardy-Weinberg Law in analyzing populatigenetics for gene frequency,

sex linkage, equilibrium, and heterozygote freqyenc

3.0Modern Theories of Evolution

Evolution is simply a change in frequencies oflaien the gene pool of a population. For
instance, let us assume that there is a traitishdgtermined by the inheritance of a gene with
two alleles--B and b. If the parent generation Ba% B and 8% b and their offspring
collectively have 90% B and 10% b, evolution hasuoed between the generations. The
entire population's gene pool has evolved in thhectibn of a higher frequency of the b
allele--it was not just those individuals who inteat the b allele who evolved. This
definition of evolution was developed largely aseault of independent work in the early
20th century byGodfrey Hardy, an English mathematician, amidilhelm Weinberg, a
German physician. Through mathematical modelliagelol on probability, they concluded in
1908 that gene pool frequencies are inherentlylestalit that evolution should be expected in
all populations virtually all of the time. Theys@ved this apparent paradox by analyzing the

net effects of potential evolutionary mechanisms.
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Wilhelm Weinberg
Godfrey Hardy(1877-194) (1862-1937)

Hardy, Weinberg, and the population geneticists vatlowed them came to understand that

evolution will not occur in a population if seveonditions are met:

e mutation is not occurring

* natural selection is not occurring

* the population is infinitely large

» all members of the population breed
« all mating is totally random

» everyone produces the same number of offspring

there is no migration in or out of the population

These conditions are the absence of the thing#mtause evolution. In other words, if no
mechanisms of evolution are acting on a populatgwojution will not occur--the gene pool
frequencies will remain unchanged. However, simds highly unlikely that any of these
seven conditions, let alone all of them, will happe the real world, evolution is the

inevitable result.

Godfrey Hardy and Wilhelm Weinberg went on to depeh simple equation that can be used
to discover the probable genotype frequenciespapaulation and to track their changes from
one generation to another. This has become knawthe Hardy-Weinberg equilibrium
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equation. In this equation (p2 + 2pqg + g2 = 1)s plefined as the frequency of the dominant
allele and g as the frequency of the recessivéedibe a trait controlled by a pair of alleles (A
and a). In other words, p equals all of the aflein individuals who are homozygous
dominant (AA) and half of the alleles in people wdre heterozygous (Aa) for this trait in a

population. In mathematical terms, this is:

p = AA + Y2Aa

Likewise, g equals all of the alleles in individuals who amrozygous recessive (aa) and the

other half of the alleles in people who are hetggous (Aa).

g = aa + ¥2Aa

Because there are only two alleles in this cagefrédgquency of one plus the frequency of the

other must equal 100%, which is to say

p+q=1

Since this is logically true, then the following stalso be correct:

p=1-q

There were only a few short steps from this knogéetbr Hardy and Weinberg to realize

that the chances of all possible combinationslefesd occurring randomly is

(P+0)2=1

or more simply

p2+2pg+q?=1
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In this equationp? is the predicted frequency of homozygous domir{A’t) people in a
population, 2pq is the predicted frequency of heterozygous (Aadppe andg? is the

predicted frequency of homozygous recessive (a@3.o0n

From observations of phenotypes, it is usually opbssible to know the frequency of
homozygous recessive people,gdrin the equation, since they will not have the duami
trait. Those who express the trait in their phgpetcould be either homozygous dominant
(p? or heterozygous2fq. The Hardy-Weinberg equation allows us to predicich ones
they are. Since =1 - gandq is known, it is possible to calculabeas well. Knowingp and

g, it is a simple matter to plug these values inte tHardy-Weinberg equation
(p?2 + 2pg + g2 =) This then provides the predicted frequencieallothree genotypes for
the selected trait within the population. By comipgrgenotype frequencies from the next
generation with those of the current generatioa population, one can also learn whether or
not evolution has occurred and in what directiod eate for the selected trait. However, the
Hardy-Weinberg equation cannot determine whicthefiarious possible causes of evolution

were responsible for the changes in gene pool é&ecjas.

3.1 Examples of the Hardy-Weinberg Principle

The assumptions of the Hardy-Weinberg principle endkeasy to calculate the genotype
frequencies for a gene with two alleldsgnda). The frequency of homozygous genotypk

is the probability of one allel& being in combination with another allefe The expected
frequency is simply the product of the separatelalirequencies. We will use the temto

refer to the frequency of alleke

Frequency oRA=p? (Homozygote foA) Eqgn 1
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The frequency of heterozygous genotypa is the probability of alleleA being in
combination with allel@. Note that there are two possible ways to getetuosnbinations --

A from Dad andh from Mom, or vice versa (See the figure below).

Frequency oAa=2pq (Heterozygote) Eqgn 2

The frequency of homozygous genotygaeis the probability of one allel@in combination

with another allela.

Frequency oha=¢° (Homozygote foa) Egn 3

Eges (female)
Allele @ s

Nnarmnes

P
Sperm
{male)
a 4
Allele
P 4 frequencies

Diagram of Hardy-Weinberg genotype proportions fromle (sperm) and female (egg)
contributions. Given a locus with two alleles desitgdA anda that occur with frequencigs
andq, the chart shows the genotype frequenqiés2bg, andq?) as differently colored areas.

Note that the heterozygotes (blue + yellow = grexam) be formed in two different ways.

Example 1 -- calculation of expected genotype fregmcies from gene (allele)

frequencies
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If p=0.75 andg = 0.25 we can use Egns 1, 2 and 3 to calculateexipected genotype

frequencies.

AA=p?=0.75*0.75 = 0.5625
Aa=2pq=2*0.75*0.25 = 0.375
aa=qg’=0.25*.025 = 0.0625 Eqns 4.

The values we have just calculated BXPECTED genotype frequencielé the Hardy-
Weinberg assumptions hold. We now turn to how weldocheck that from actual
OBSERVED genotypic data (such as microsatellite dat WWyoming black bears). In order

to calculate allele frequencies all we need aretiserved genotype frequencies.

p=p°+ (2pg/2) and| = ¢ + (2pa/2) Eqn 5

3.2 Derivation of the Hardy-Weinberg Principle

We can describe empirically aradigebraically how genotype frequencies in one g
are related to genotype frequendieshe next. Let's explore that a bit further. Taosb we're
going to use a technique thatbsoadly useful in population genetics, i.e., wam@ng to

construct a mating table. A matitaple consists of three components:

1. A list of all possible genotype pairings.
2. The frequency with which each genotype pairiogues.

3. The genotypes produced by each pairing.
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Offspring genotype
Mating Frequency A1A1 A1A2 A2A2
A1A1 X AiA1 NG 1 0 0
11
AA2 Y Y 0
X11X12
AA2 1 0
X11X22
0
A1A2 X AiA1 X12X11 15 R 0
AA2 NE v, Y Ya
12
AA2 Y 1/2
X12X22
A2A2 X A1A1 X22X11 0 1 0
AA2 X22X12 0 Y Y
A2 Xz 0 0 1
22

In constructing this table we've already made tlasgumptions about the transmission of

genetic variation from one generation to the next:

2p1=2(50)/200 = 0:5, p= (2(25) + 50)/200 = 0:5.

Assumption 1Genotype frequencies are the same in males araldene.g.X11 is the
frequency of the #A; genotype in both males and females.

Assumption 2Genotypes mate at random with respect to theiotype at this particular

locus.
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Assumption 3 Meiosis is fair. More specifically, we assume thia¢re is no segregation
distortion; no gamete competition; no differenaeshie developmental ability of eggs, or the

fertilization ability of sperm.

Now that we have this table we can use it to cateuthe frequency of each genotype in
newly formed zygotes in the population,5 providdthtt we're willing to make three

additional assumptions:

Assumption 4 There is no input of new genetic material, i.emgtes are produced without
mutation, and all offspring are produced from timeon of gametes within this population,

i.e., no migration from outside the population.

Assumption 5 The population is of infinite size so that theuattfrequency of mating is
equal to their expected frequency and the actegluigncy of offspring from each mating is
equal to the Mendelian expectations.

Assumption 6 All matings produce the same number of offsprotgaverage.

Taking these three assumptions together allows oericlude that the frequency of a

particular genotype in the pool of newly formed ags is

Z (frequency of mating) (frequency of genotype pradfrom mating)

So freq. (AlAl in zygotes) 221(1+ 1/2X11X12 + 1/2X12X11+ 1/4)(212

Zxt xaxp t 1/4%,
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S{gF X12/2)?

Zp
freq. (A1A2 in zygotes) = 2pq

freq. (A2A2in zygotes) = ﬁ

In order to say that these proportions will algothe genotype proportions of adults in the
progeny generation, we have to make two more assomsp
Assumption 7 Generations do not overlap.
Assumption 8 There are no differences among geestipthe probability of survival.
4.0 Conclusion
In this unit the student learnt:

* An understanding of evolution depends upon knowdeafgpopulation genetics.

* that both allele and genotype frequencies in a ladpa remain constant—that is,
they are in equilibrium—from generation to genenatiunless specific disturbing
influences are introduced.

» Genetic equilibrium is an ideal state that providdsseline against which to measure
change.

» Static allele frequencies in a population acrossegdions assume: no mutation, no
migration or emigration, infinitely large populati®ize, and no selective pressure for
or against any genotypes

5.0 Summary
Probably the most important basic concept in pdmragenetics is the Hardy-Weinberg
principle. It provides an expectation for genotypettterns in populations. Deviations from

the predicted pattern can provide very importargigints into processes of genetic and
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evolutionary change. The Hardy-Weinberg princigl@imodel that relates allele frequencies
to genotype frequencies. Like most models, HardyAdgrg is a simplification of real world
complexities.
6.0Tutor-Marked Assignment

* What is the Hardy-Weinberg Principle?

* What is the significance of this principle?

* What are the deviations from the Hardy-Weinbergétple?
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Unit 4 Gene Frequency/Equilibrium

1.0 Introduction

Gene frequency measures the frequency in the populef a particular gene relative to other genes
at its locus. It is expressed as a proportion (betwO and 1) or percentage (between 0 and 100%). A
genetic equilibrium is at hand for an allele ineng pool when the frequency of that allele is not
changing. For this to be the case, evolutionargderacting upon the allele must be equal and
opposite. The only basic requirement is that theufagion be large enough that the effects of geneti

drift are minimized.

2.0 Objectives

At the end of this course, students should be table

» Define genetic frequency
» Significance of genetic frequency

* Relate genetic frequency and the Hardy-Weinbengciilie

3.0 Genetic frequency

Genetic or Allele frequency is the proportion off @pies of a gene that is made up of a
particular gene variant. In other words, it is tlugnber of copies of a particular allele divided
by the number of copies of all alleles at the gengtce in a population. It can be expressed
for example as a percentage. In population genetitede frequencies are used to depict the
amount of genetic diversity at the individual, ptation, and species level. It is also the

relative proportion of all alleles of a gene thed af a designated type.

Given the following:

1. a particular locus on a chromosome and the gengygowy that locus
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2. a population oN individuals carrying loci in each of their somatic cells (e.g. two
loci in the cells of diploid species, which contawvo sets of chromosomes)
3. different alleles of the gene exist

4. one allele exists ia copies

then the allele frequency is the fraction or petage of all the occurrences of that locus that
is occupied by a given allele and the frequencyra of the alleles ia/(n*N).For example, if
the frequency of an allele is 20% in a given popoilg then among population members, one
in five chromosomes will carry that allele. Fourtaf five will be occupied by other
variant(s) of the gene. Note that for diploid getfes fraction ofindividualsthat carry this
allele may be nearlywo in five (36%). The reason for this is that if the alleistributes
randomly, then the binomial theorem will apply: 32#the population will be heterozygous
for the allele (i.e. carry one copy of that allaled one copy of another in each somatic cell)
and 4% will be homozygous. Together, this means3686 of diploid individuals would be
expected to carry an allele that has a frequen@0&8. However, alleles distribute randomly
only under certain assumptions, including the absesf selection. When these conditions
apply, a population is said to be in Hardy—Weinbeggilibrium. The frequencies of all the
alleles of a given gene often are graphed toge#iseranallele frequency distribution
histogram or allele frequency spectruniPopulation genetics studies the different "fotces
that might lead to changes in the distribution &eduencies of alleles—in other words, to

evolution. Besides selection, these forces inclyetestic drift, mutation and migration.

3.1 Calculation of Genetic Frequency

If f(AA), f(Aa), andf(aa) are the frequencies of the three genotypesatieswith two alleles,
then the frequency of the A-allele and the frequenay of the a-allele are obtained by

counting alleles. Because each homozygote AA ctsidly of A-alleles, and because half
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of the alleles of each heterozygote Aa a-alleles, the total frequengyof A-alleles in the

population is calculated as

1
p=flAA)+ Ef(Aa) = frequency of A
Similarly, the frequency of the a allele is ven by

1
g = f(aa) + §f(ﬁa) = frequency of a

It would be expected thgt andq sum to 1, since they are the frequencies of thg twb

alleles present. Indeed they

p+a=f(AA) + f(aa) + f(Aa) =1
and from this we get:

g=1l-pandp=1-q
If there are more than two different allelic forntise frequency for each allele is simply
frequency of its homozygote plus half the sum ef fitequencies for all the heterozygote:
which it appears. Allele frequency can always bé&uwated fromgenotype frequen,
whereas the reverse requires that the F-Weinberg conditions of random mating apy
This is partly due to ththreegenotype frequencies and tiveo allele frequencies. It is easi

to reduce from three to two.

In the simplest case, gene frequency is measuredumyting the frequencies of each gen
the population. If a genotype contains two genesn there are a total of 16 genes per ¢

in apopulation of eight individual
Aa AA aa aa AA Aa AA Aa
In the population above,
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Frequency of A =9/16 = 0.56

frequency of a = 7/16 = 0.43°

Algebraically, we can define p as the frequencA@nd g as the frequency of a. p and q
always called ‘'gne’ frequencies, but in a strict sense they &k dtequencies: they are t

frequencies of the different alleles at one gerletas.
The gene frequencies can be calculated frce genotype frequencies (P, Q):

p=P+1/2Q

g=R+1/2Q

(and p +q = 1). The calculation of gene from genotype fegtuies is highly importan
Although the gene frequencies can be calculated tiee genotype frequencies, the oppc

is not true: the genotype frequencies cannot brilzed from the gene frequenc(p, q ).

3.2 The effect of mutation

Let U be the mutation rafeom alleleA to some other allela (the probability that a copy ¢
geneA will becomea during the DNA replication preceding meiosis)p; is the frequency of
theA allele in generatiof theng; = 1 —py is the frequency of tha allele in generatiot, and
if there are no other causes of gene frequencygeh@ro natural selection, fexample), then

the change in allele frequency in one generati

Ap=p —pr1 = (pf—l — ﬂpf—l) — Pi—1 = —UPe_1
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wherep; - 1 is the frequency of the preceding generation. Tdlls us that the frequency A
decreases (and the frequencla increases) by an amount that is proportional tarthétion
rate U and to the proportignof all the genes that are still available to mutdteusAp gets
smaller as the frequency pfitself decreases, because there are fewer and A alleles to

mutate intoa alleles. We can make an approximation that, in generations of mutatic

it

Pn = Po€
3.3 Population Genetics and the Hard-Weinberg Law

A genetic equilibrium is at hand for arallele in a gene pookhen thefrequency of that
allele is not changing (i.e. when it is revolving). For this to be the case, evolutionary for
acting upon the allele must be equal and oppo$he. only basic requirement is that -

population be large enough that the effec genetic drift are minimized.

The HardyWeinberg formulas allow scientists to determine tivee evolution has occurre
Any changes in the gene frequencies in the populatver ime can be detected. The I
essentially states that if no evolution is occugrithen an equilibrium of allele frequenc
will remain in effect in each succeeding generatdrsexually reproducing individuals.
order for equilibrium to remain in ect (i.e. that no evolution is occurring) then

following five conditions must be me

1. No mutations must occur so that new alleles dcentdr the populatior

2. No gene flow can occur (i.e. no migration of indwals into, or out of, th
population).

3. Random mating must occur (i.e. individuals must pgichance

4. The population must be large so that no genetit @andom chance) can cause
allele frequencies to chanc

5. No selection can occur so that certain alleleshateselected for, or a¢nst.
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Obviously, the Hardy-Weinberg equilibrium cannoisexn real life. Some or all of these
types of forces all act on living populations atigas times and evolution at some level
occurs in all living organisms. The Hardy-Weinb&gnulas allow us to detect some allele
frequencies that change from generation to gemeratinus allowing a simplified method of

determining that evolution is occurring. There &ve formulas that must be memorized:
2 — —
p’+2pg+q§=1landp+q=1

p = frequency of the dominant allele in the popalat

g = frequency of the recessive allele in the pdpara

p? = percentage of homozygous dominant individuals
o = percentage of homozygous recessive individuals

2pg = percentage of heterozygous individuals

Despite the fact that evolution is a common ocaweein natural populations, allele
frequencies will remain unaltered indefinitely wsdeevolutionary mechanisms such as
mutation and natural selection cause them to chalgdore Hardy and Weinberg, it was
thought that dominant alleles must, over time, itadly swamp recessive alleles out of
existence. This incorrect theory was called "géagpy" (literally "gene eating"). According
to this wrong idea, dominant alleles always inceeas frequency from generation to
generation. Hardy and Weinberg were able to detreteswith their equation that dominant

alleles can just as easily decrease in frequency.
4.0 Conclusion

At the end of this study, the student has learnt:
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* Gene frequency measures the frequency in the piguuief a particular gene relative
to other genes at its locus.
* The significance of genetic frequency to the preadsevolution

* The relationship between gene frequency and thdy-Mfeinberg Principle

5.0 Summary

A population is a group of individuals of the saspecies in a given area whose members
can interbreed. Because the individuals of a pamaan interbreed, they share a common
group of genes known as the gene pool. Each geolecpatains all the alleles for all the
traits of all the population. For evolution to ocdn real populations, some of the gene
frequencies must change with time. The gene fregyuehan allele is the number of times an
allele for a particular trait occurs compared te thtal number of alleles for that trait. The
Hardy-Weinberg principle is a model that relatesaje frequencies to genotype frequencies
and the possible range for an allele frequencyemotype frequency therefore lies between

zero and one,

Gene frequency = the number of a specific typellefea/ the total number of alleles in the
gene pool. An important way of discovering why reabulations change with time is to
construct a model of a population that does nohgbaThis is just what Hardy and Weinberg
did. Their principle describes a hypothetical ditwain which there is no change in the gene

pool (frequencies of alleles), hence no evolution.

6.0 Tutor-Marked Assignment

* What do you understand by the term ‘Genetic Freqyi@n

* What is the importance of genetic frequency?
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* What is the relationship between genetic frequearcy the Hardy-Weinberg
Principle?
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Unit 1: Ecology

1.0Introduction

In biology, polymorphism takes place when two orrendifferent phenotypes exist in the
same population of a species. This means the aswearof more than one morph or form. In
order to be regarded as such, morphs must occugpgdme habitat at the same time and

belong to a panmictic population, which refers fogaulation with random mating.

Polymorphism is related to biodiversity, geneticiaon and adaptatioand is common

nature. It functions to retain variety of form inpapulation living in a varied environment.
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The most common example is sexual dimorphigrich occurs in many organisms. Or
examples are mimetic forms of butterflies, and hoanteaemoglobin and blood types.
Polymorphism results from evolutionary processesgdaes any aspect of a sj@s. It i

heritable and is modified by natural selection

2.00bjectives
At the end of this study, students should be akle t

» Define the Ecology and discuss its significancEvolution
« Differentiate the types of Ecology
» Discuss Ecological Models

3.0The Science of Ecology

The term “ecology” was coined by the German zoalhdtrnst Haeckel, in 1866 to describe
the “economies” of living form& he theoretical practice of ecology consists, by lange, of
the construction of models of the interaction @frlg systems with their environment that
include other living systems. These models are teeted in the laboratory and the field.
Theory in ecology consists of the heuristics—ongples—used to construct models. Unlike
evolutionary theory, ecology has no generally ammmlobal principles such as Mendel's
and other rules of genetic inheritance. Contempogaology consists of a patchwork of sub-
disciplines including population ecology, communigcology, conservation ecology,
ecosystem ecology, metapopulation ecology, metaaamiyn ecology, spatial ecology,
landscape ecology, physiological ecology, evolwignecology, functional ecology, and

behavioral ecology. What is common to all theski$iés the view that:

0] different biota interact in ways that can be ddxtiwith sufficient precision and

generality to permit their scientific study;
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(i) (ii) ecological interactions set the stage for etioh to occur primarily because
they provide the external component of an entitiness. The latter aspect makes
ecology a central part of biologs van Valen once put it: “evolution is the

control of development by ecology

3.1 Population Ecology

The golden age of theoretical ecology (1920-194@)-bdrrow the title of a book edited by
Scudo and Ziegler—consisted primarily of populatemology. The next generation saw a
shift of theoretical interest to community ecolodly.recent years, interest has reverted to
population ecology, sometimes in the form of mepapation models, which consist of a set
of populations with migration between them. Modelspopulation ecology are based on
representing an ecological system as the set aflatipns, which are usually of the same or
different species it consists of. Each populationturn, consists of potentially interacting
individuals of a species. Populations may be charaed by theirstate variables -
parameters representing properties of the populaga whole, for instance, size, density,
growth-rate,etc or by individual variables, that is, the propestiof the individuals in them
for example, individual fecundity, interactiongtc Classical population ecology was
restricted to the study of state-based models pilyr@ecause of the requirement that models
be tractable, so as to permit predictions and egplans. Classical population ecology is the
part of ecology that is theoretically the most deped. The central issue of interest in
population ecology is the change in the size ofutetons over time. Population ecology
considers both deterministic and stochastic modelsch of philosophical writing on
population ecology has been restricted to detestinpopulation models and this relatively

large body of work will only be very briefly sumnized. More attention will be paid to
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stochastic models which raise much more interegimtpsophical issues that have not been

adequately explored.

3.1.1 Deterministic Models

If population sizes are large, they can be studisthg deterministic models, that is,
fluctuations in populations sizes due to chancéofaqsuch as accidental births and deaths)
can be ignored. Usually a model considers membikees single or a very few interacting
species, for instance, a few predator and a pregiepA typical result, based on the Lotka-
Volterra (coupled differential equations) model,tigt predator-prey interactions lead to
population cycles, with the predator populationleemporally tracking the prey population
cycle. The explanation of this phenomenon is sttéagward: as prey populations increase,
the increased availability of resources allowsse iin predator populations a little later in
time. But the increase of predators leads to amease of prey consumption and,
consequently, a decrease in prey populations. But, the lack of resources leads to a
decline of predator populations. As predator paputa decline, prey populations increase

initiating the cycle once again. See the figurehel

Figure 1: Predator-Prey Population Cycles

The model is due to Volterra 1978. There are twecks, a predator species with a

population,N,, which only feeds on a single prey species witpypation, N;. The model
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incorporates demographic stochasticity which, nimedess, does not stamp out the basic

cyclic pattern. t(is a measure of time.)

The Lotka-Volterra model mathematically predictegé cycles. As such, it exemplifies the
explanatory ideal of ecology: not only is thereradictively accurate quantitative model, but
the mechanisms incorporated in the model have apperous biological interpretation.
Unfortunately, in ecology, because of the formdi@a and interpretation indeterminacy

problems, the last condition is rarely satisfied.

For the simpler case of single species, two stahdaodels are that of exponential and
logistic growth. The exponential growth model ippgosed to capture the behaviour of a
population when there is no resource limitatiore thgistic growth model is one of the

simplest ways to try to capture the self-regulatidrpopulation sizes when there is such a

limitation. See Examples 1.1 and 1.2.

Examplel.1 Exponential Growth Model

Let a population consist of individuals at timé. Suppose that, in an infinitesimal time
interval betweem andt+dt,

a fractionb/n of individuals give birth and a fractiatin die.

Let the change in the size of the populationie

Then

dn/dt = (b - d).

Let r =b - d. Then the population dynamics is described by thevth equation:

dn/dt = m.
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This is the exponential growth model. It assumas o resource limitation constrains the

"intrinsic growth rate"r. It can be solved to give:

n(t) = nee',

whereng is the size of the populationtat

Example 1.2 Logistic Growth Model
One way to modify the exponential growth modelricorporate resource limitation is to
replace the growth equation of the exponential hbgehat of the logistic growth model:

dn/dt = m(1 —n/K),

whereK is called the "carrying capacity" of the envirommehis parameter is supposed to

incorporate how resource limitation affects pogalagrowth by regulating it.

Whenn =K, the growth rate,

dn/dt=0

and the population does not grow any further. Meeeowhen there is no resource limitation;
that isK — oo, this model reduces to the exponential growth mdeigure 2b shows how a
population governed by the logistic equation growssize. At the level of individual
behaviour, this model does not have the kind ofifjoation that the exponential growth
model does in the sense that the logistic equateomot be plausibly derived from the
properties of individuals. In this sense it is arghy "phenomenological” model. The
exponential growth model appeals to only one esdbnéecological parameter, the intrinsic
growth rate(r) of a population, interpreted as the rate at wihiepopulation would grow if

there were no external factor limiting growth; tbgistic model also appeals to the carrying
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capacity(K), interpreted as the maximum size of the populatiat can persist in a given

environment. See Figures 2a and 2b:
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Figures 2a and 2b: The Logistic Growth Model

The figure on the top shows theoretical curves. di@etric increase” represents the
exponential growth model discussed in the texttUigding population” refers to the carrying

capacity (see example 1.2). The figure on the botslhhows an example of an empirical
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growth curve obtained in the laboratory. If thevaurs fitted to a logistic curve (to which it

shows similarity), theik = 375 is the estimated carrying capacity.

In general, biological experience suggests thgi@ulations regulate their sizes, that is, they
show self-regulation. Theoretical exploration ofdals has made it clear that a wide variety
of mechanisms can lead to such self-regulationitbist usually unclear which models are
more plausible than others thanks to the typicain&dization indeterminacy of the field.
Moreover, the precise mechanisms that are playdgglative roles in individual cases are
often very hard to determine in the field, a classase of partial observability. Even
parameters such as the intrinsic growth rate anging capacity are unusually difficult to

estimate precisely.

The last mentioned difficulties are perhaps mostdasly illustrated by the 10-year cycle of
snowshoe hares, muskrats and their predators irNtdrth American boreal forests and,
especially, the 4-year cycle of lemmings and, gidgsother microtines in the arctic tundra of
Eurasia and North America. In spite of almost séfime years of continuous research on
these well-documented cycles the mechanisms drittiegn remain unresolved. Models
producing such cycles abound, but the structureédainty of most of these models, coupled
with partial observability of many of the paramster the field have precluded resolution of

the debate.

The models discussed so far are continuous-timeetspthat is, the temporal or dynamic
parameter is assumed to be a continuous varialoeetter, discrete-time models have also
been used to study population processes. A disaretlog of the logistic growth model was
one of the first systems in which chaotic dynamiemomena were discovered. Over the
years there has been considerable debate oveudstian whether ecological systems with

chaotic dynamics exist in nature; the current cosss is that they have not yet been found.
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3.1.2 Stochastic Models

If population sizes are small, then models shoeldtochastic: the effects of fluctuations due
of population size must be explicitly analyzed. cBtastic models in ecology are among the
most mathematically complex models in science. Kbetess they have begun to be
systematically studied because of their relevaod®dlogical conservation—see the entry on
conservation biology. They also raise philosoplhycabteresting questions because they
underscore the extent to which the nature of ram@®® and uncertainty remains poorly

explored in biological contexts.

What has, by and large, become the standard dtagsh of stochasticity goes back to a
1978 dissertation by Shaffer. The context of theseftation provides a striking exemplar of
the social determination of science. The UnitedeSt&National Forest Management Act of
1976 required the Forest Service to “provide faredsity of plant and animal communities
based on the suitability and capability of the #pedand area.” In 1979 the planning
regulations developed to implement this provisiequired the Forest Service to “maintain
viable populations of existing native and desired-native vertebrate species in the planning
area.” A viable population was defined as “one Wwhltas the estimated numbers and
distribution of reproductive individuals to insurs continued existence in the planning
area.” For large populations, falling within thenalmin of deterministic models, establishing
viability is relatively trivial: all that must bensured is that, on the average, a population is
not declining in size. For small populations, e¥feit is increasing in size on the average, a
chance fluctuation can result in extinction. Statita models are necessary to predict
parameters such as the probability of extinctiotmiwvia specified time period or the expected

time to extinction.
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In his dissertation, Shaffer attempted such anyarsafor the grizzly beardJfgsus arcto} of
Yellowstone which were believed to face the prospefcstochastic extinction. Shaffer

distinguished four sources of uncertainty that camribute to random extinction:

1. demographic stochasticityhich arises from the chance events in the sunawval
reproductive success of a finite number of indiaigu. .

2. environmentalstochasticity due to temporal variation of birth and death rates
carrying capacity, and the population of competitopredators, parasites, and
diseases...

3. natural catastrophesuch as floods, fires, droughts, etc....

4. genetic stochasticityesulting from changes in gene frequencies ddeunder effect,

random fixation, or inbreeding.”

Shaffer went on to argue that all these factorse@g®e in importance as the population size
decreases—a claim that will be questioned below—-tretefore, that their effects are hard
to distinguish. Finally, he defined a minimum vialgopulation (MVP): “A minimum viable
population for any given species in any given lahi$ the smallest population having at
least a 95% chance of remaining extant for 100 syelmspite the foreseeable effects of
demographic, environmental, and genetic stochasti@and natural catastrophes.”Both
numbers (95% and 100 years) are conventional, abé tletermined by social choice, rather

than by biological factors, a point that Shaffepleitly recognized.

In the 1980s, techniques to determine MVPs canbe tealled “population viability analysis”
and the enthusiasm for the new framework was cagtur the much-worn slogan: “MVP is
the product, PVA the process.” By the late 198@sydver, it became clear that the concept
of a MVP was at best of very limited use. Leavisida the conventional elements of the

definition given above, even for the same spegepulations in marginally different habitat
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patches often show highly variable demographicdseresulting in highly variable MVP
estimates for them, with each estimate dependitigatly on the local context. Moreover, as
will be illustrated below for stochastic populatiomdels in general, the determination of
MVPs suffers from irremediable structural uncerairhis should not come as a surprise:
what would have been more surprising is if legig@atfiat had identified a scientifically
valuable parameter. After the demise of the conoéfite MVP, PVA began to be performed
largely to estimate other parameters, especialy ¢lpected time to extinction of a
population the estimation of which does not reqamg conventional choices—see the entry

on conservation biology.

Within the context of PVA, Shaffer's classificatethough usually with “random
catastrophe” replacing “natural catastrophe”—becamaeonical within both ecology and
conservation biology. However, the philosophicaésfion remains as to whether it makes
sense—classification, as many philosophers hauetgmbiout, is not innocent of substantive
theoretical assumptions. The first point to notehiat genetic stochasticity is not even the
same type of mechanism as the other three: itepcesmakes Shaffer's classification oddly
heterogeneous. The reason for this is that gerstichasticity is a consequence of
demographic stochasticity: in small populationpagticular allele may reach fixation purely
by chance reproductive events. It is even posdiide¢ stochasticity increases the rate at
which a beneficial allele may go to fixation in mal population provided that the initial

frequency of that allele is already high.

3.2 Community Ecology

Community ecology consists of models of interactisigecies, forming an ecological
“‘community,” in which each species is treated asingt. The appropriate definition of

“‘community” has been widely debated among ecolegastd philosophers; what is being
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given here is an interactive definition. Altern&iwptions include defining community by
mere geographical association of species at onere&f or by requiring a good deal of
structure in the interactions at the other, makimg community analogous to an organism.
The interactive definition given above is attraetifor two reasons: (a) mere association
leaves little of theoretical or practical interdst study, while requiring some specified
elevated levels of interaction introduces an unssme arbitrariness in a definition of
community; and (b) the former would make any asg@mmn of species a communitshereas
the latter would typically introduce so much struet that virtually no association would

constitute a community.

Community models can be conveniently representeb@s diagrams generalized graphs
that have each species as a vertex and edges tiagngtese vertices when the species
interact. The edges indicate whether the relevaeties benefit or are harmed by the

interaction, that is, whether they tend to increasdecrease in abundance, by an interaction.

See Figure 3:
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Figure 3: Structure of an Ecological Community
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This is the loop diagram of a community of threeses (from Diamond [1975a], p. 435).
SpeciesX; andX; both prey upon the resource speégsThere is resource coupling and and

competitive exclusion.

As with population ecology, what is of most intérssare the changes in a community over
time. This brings us to one of the most interestiagd one of the most vexed—questions of
ecology: the relationship between diversity andiitg. A deeply rooted intuition among
ecologists has been that diversity begets stabilityhis claim is true, it has significant

consequences for biodiversity conservation

What confuses this question from the very beginniisgthe multiplicity of possible
definitions of “diversity” and “stability.” There ra probably no better instances of
formalization indeterminacy in any scientific coxtteFor instance, a reasonable first attempt
to define diversity would be to equate the divgrsita community to the number of species
in it, that is, its species “richness.” The trouldethat there is ample reason to doubt that
richness captures all that is relevant about dityerehether or not we are interested in only
its relationship to stability. Consider two comntigs, the first consisting of 50% species
and 50% specieB, and a second consisting of 99.9 % spegiesd 0.1% specieB. Both
communities have the same richness because thkyhboe two species; however, there is a
clear sense in which the first is more diverse—ass| homogeneous—than the second.
Moreover, the difference is likely to be relevalitdiversity does beget stability in these
communities, then that stability must be a resuthea interaction between the two species. If
specieB comprises only 0.1% of the community, the scopesteh interaction is typically

much less than if it comprises 50%. Diversity moan more than richness. There have

140



been several attempts to define and quantify diyetseyond richness; one of them is

described in example 2 below.

Example2. Measures of Diversity

Ecologists often distinguish between three conceptsodiversity, usually using species as
the appropriate unit to measure diversity: (ix-diversity”, the diversity within a
community/place  (MacArthur  1965); (ii) B-diversity”, the diversity between
communities/places (Whittaker 1972, 1975); and (ii-diversity”, the diversity between
regions, that ig}-diversity on a larger spatial scale (Whittaker 29 Though many measures
of a-diversity have been proposed over the years, MaAoks (1965) proposal to use the
Shannon measure of information content in a comaation process (Shannon 1948) has

remained the most popular (though not universalbepted).

According to this measure, thediversity of a community witim species is given by

n
a=—z pi Inpi
i=1

Where p; is the frequency of théth species. This is a measure of the diversityaof
community in the same way that the Shannon meagunéormation content is a measure of

the variety in a signal.

Turning to the two communities discussed in thd,taxsimple calculation shows that the
diversity of the first is given by = 0.693, while the diversity of the second is gi\®/a =

0.008, verifying the intuition that the first is neodiverse than the second.

3.3 Ecosystem Ecology
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The term “ecosystem” was coined in 1935 by Tangslky defined it as “the whokgystem(in

the sense of physics) including not only the orgamrcomplex [that is, the community], but
also the whole complex of physical factors forminbat we call the environment of the
biome—the habitat factors in the widest sense.”’slegnwent on to argue that ecosystems
“are the basic units of nature on the face of thethe’ For Tansley, using the term
“ecosystem” implied a physical description of a coumity in its habitat. Even though that
perspective still illuminates ecosystem studies (&ow), it is no longer a necessary or even
common connotation of the term “ecosystem.” Howgviedependent of the use of
“ecosystem,” ecosystem ecology, in contrast to ro#@logical sub-disciplines, and in
continuity with its history, does retain an empbasn physical processes. Should ecosystem
ecology, then, be regarded as an instance of tlication of the physical and biological
sciences? There has been so little philosophitaht@dn to ecology that this question does

not appear ever to have been broached.

The introduction and rapidly growing popularity thie term “ecosystem,” especially during
the late 1950s and 1960s, was marked by two majgnitve and one sociological shift in
the practice of ecology: (a) coming at the endhaf so-called golden age of theoretical
population ecology of the late 1920s and 1930syjigrto ecosystems helped shift emphasis
from populations with interacting individuals to ofularger and more inclusive systems. In
this sense it was a deliberate anti-“reductionmstive. Ecosystem enthusiasts follow a long
holistic tradition in natural history that tendsdeify complexity and deny the possibility of
explaining wholes in terms of their parts. “Systethsking” was supposed to replace
reductionism, the decomposition of wholes into dor the sake of analysis; (b) a second
cognitive shift is that ecosystem studies involvedels based at least partly on non-
biological variables. For instance, instead of knag individuals or even species in

communities, models may track energy or matter flofood webs as a whole; and (c) at the
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sociological level, the expansion of ecosystemistild to what one historian has called the
invention of “big biology” in the 1960s, chiefly ithe US. These studies, for instance the
massive Hubbard Brook Ecosystem Study, requirecertttan just many biologists working
together. They also demanded that other specialsisiding geochemists and soil scientists,
be brought in so that all the relevant physicalapsters of ecosystems, besides the
biological ones, could be tracked simultaneouslilisTstudy constituted the biologists'
attempt to engage in publicly-funded Big Sciengetiated by the physicists during the

Manhattan Project, and subsequently profitably @xgd by social scientists since the 1950s.

3.4 Food Webs

A food web is the archetypal ecological networlarf®®$ capture and convert solar energy into
the biomolecular bonds of simple sugars during @éwithesis. This food energy is

transferred through a series of organisms stamyith those that feed on plants and are
themselves consumed. The simplified linear feegipways that move from a basal trophic
species to a top consumer is called the food chie. larger interlocking pattern of food

chains in an ecological community creates a comfidexi web. Food webs are a type of
concept map or a heuristic device that is usedtiie and study pathways of energy and

material flows.

e [ e K e i

Generalized food web of waterbirds from Chesap&ake
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Food webs are often limited relative to the reatldiocComplete empirical measurements are
generally restricted to a specific habitat, sucltaasve or a pond. Principles gleaned from
food web microcosm studies are used to extrapdataeller dynamic concepts to larger
systems. Feeding relations require extensive irgagins into the gut contents of organisms,
which can be very difficult to decipher, or staldetopes can be used to trace the flow of
nutrient diets and energy through a food web. Wfoled webs often give an incomplete
measure of ecosystems, they are nonetheless ablalieml in understanding community

ecosystems.

Food-webs exhibit principals of ecological emergenbrough the nature of trophic
entanglement, where some species have many wedkdeknks (e.g., omnivores) while
some are more specialized with fewer stronger fepdinks (e.g., primary predators).
Theoretical and empirical studies identify non-ramdemergent patterns of few strong and
many weak linkages that serve to explain how eccddbgommunities remain stable over
time. Food-webs have compartments, where the maoggsinteractions create subgroups
among some members in a community and the few weakactions occur between these

subgroups. These compartments increase the staifiibod-webs.

As plants grow, they accumulate carbohydratesaaacdkaten by grazing herbivores. Step by

step lines or relations are drawn until a web fefik illustrated.

3.5 Trophic Level

The Greek root of the wortloph, tpoen, tropte, means food or feeding. Links in food-webs
primarily connect feeding relations or trophism agospecies. Biodiversity within

ecosystems can be organized into vertical and dwtat dimensions. The vertical dimension
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represents feeding relations that become furtheoved from the base of the food chain up
toward top predators. A trophic level is defined "asgroup of organisms acquiring a
considerable majority of its energy from the adjadevel nearer the abiotic source." The
horizontal dimension represents the abundanceamdss at each level. When the relative
abundance or biomass of each functional feedingipyiis stacked into their respective

trophic levels they naturally sort into a 'pyraroichumbers'.

Functional groups are broadly categorized as ab# (or primary producers), heterotrophs
(or consumers), and detrivores (or decomposergptAaphs are organisms that can produce
their own food (production is greater than resprgtand are usually plants or cyanobacteria
that are capable of photosynthesis but can alsdhsr organisms such as bacteria near ocean
vents that are capable of chemosynthesis. Hetplurare organisms that must feed on
others for nourishment and energy (respiration edseproduction). Heterotrophs can be
further sub-divided into different functional grajpincluding: primary consumers (strict
herbivores), secondary consumers (carnivorous poesdthat feed exclusively on herbivores)
and tertiary consumers (predators that feed onxeofriierbivores and predators). Omnivores
do not fit neatly into a functional category beatisey eat both plant and animal tissues. It
has been suggested that omnivores have a greatsiofual influence as predators because

relative to herbivores they are comparatively ilcgght at grazing.

Trophic levels are part of the holistic or compbystems view of ecosystems. Each trophic
level contains unrelated species that grouped hegdtecause they share common ecological
functions. Grouping functionally similar speciegoira trophic system gives a macroscopic
image of the larger functional design. While théi@ of trophic levels provides insight into
energy flow and top-down control within food welisjs troubled by the prevalence of

omnivory in real ecosystems. This has lead somgists to "reiterate that the notion that
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species clearly aggregate into discrete, homogentophic levels is fiction." Nonetheless,
recent studies have shown that real trophic legtelgxist, but "above the herbivore trophic

level, food webs are better characterized as dddmwgeb of omnivores.
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A trophic pyramid (a) and a food-web (b) illustraji ecological relationships among
creatures that are typical of a northern Borealestrial ecosystem. The trophic pyramid
roughly represents the biomass (usually measuredtalsdry-weight) at each level. Plants
generally have the greatest biomass. Names ofitr@plegories are shown to the right of the
pyramid. Some ecosystems, such as many wetlandeptdorganize as a strict pyramid,
because aquatic plants are not as productive agliled terrestrial plants such as trees.
Ecological trophic pyramids are typically one ofdé kinds: 1) pyramid of numbers, 2)
pyramid of biomass, or 3) pyramid of energy

3.6 Ecology and Evolution

Ecology and evolution are considered sister diswgl of the life sciences. Natural selection,
life history, development, adaptation, populaticssg inheritance are examples of concepts
that thread equally into ecological and evolutigrniéweory. Morphological, behavioral and/or
genetic traits, for example, can be mapped ontdugwoary trees to study the historical
development of a species in relation to their fioms and roles in different ecological
circumstances. In this framework, the analyticalsf ecologists and evolutionists overlap
as they organize, classify and investigate lifedigh common systematic principals, such as
phylogenetics or the Linnaean system of taxonomlye Two disciplines often appear

together, such as in the title of the jourmeénds in Ecology and Evolutiomhere is no sharp

boundary separating ecology from evolution and ttiéfer more in their areas of applied
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focus. Both disciplines discover and explain emergand unique properties and processes
operating across different spatial or temporal exalf organization. While the boundary
between ecology and evolution is not always cleas, understood that ecologists study the

abiotic and biotic factors that influence the eviolniary process.

3.6.1 Behavioural Ecology

All organisms are motile to some extent. Even gaxpress complex behavior, including
memory and communication. Behavioral ecology isgtuely of ethology and its ecological
and evolutionary implications. Ethology is the stud observable movement or behavior in
nature. This could include investigations of mosjgerm of plants, mobile phytoplankton,
zooplankton swimming toward the female egg, théation of fungi by weevils, the mating

dance of a salamander, or social gatherings of baoe

Adaptation is the central unifying concept in babeal ecology. Behaviors can be recorded
as traits and inherited in much the same way thataad hair color can. Behaviors evolve
and become adapted to the ecosystem because thesulject to the forces of natural
selection. Hence, behaviors can be adaptive, mgdhat they evolve functional utilities that
increases reproductive success for the individtiads$ inherit such traits. This is also the
technical definition for fitness in biology, whigh a measure of reproductive success over

successive generations.

Predator-prey interactions are an introductory ephanto food-web studies as well as
behavioral ecology. Prey species can exhibit differkinds of behavioral adaptations to
predators, such as avoid, flee or defend. Many ppegies are faced with multiple predators
that differ in the degree of danger posed. To baptetl to their environment and face

predatory threats, organisms must balance theirggneudgets as they invest in different
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aspects of their life history, such as growth, fiegdmating, socializing, or modifying their
habitat. Hypotheses posited in behavioral ecolagygenerally based on adaptive principals

of conservation, optimization or efficiency. Foraexple,

"The threat-sensitive predator avoidance hypothpsgglicts that prey should assess the
degree of threat posed by different predators aattimtheir behavior according to current

levels of risk."

"The optimal flight initiation distance occurs wkeexpected postencounter fitness is
maximized, which depends on the prey's initiald#ts, benefits obtainable by not fleeing,

energetic escape costs, and expected fithessues® ¢hredation risk."

Craminant coloratian Submissive coloralien

Social display and color variation in differentlglagted species of chameleoBsadypodion
spp.). Chameleons change their skin color to miteln background as a behavioral defense
mechanism and also use color to communicate witbranembers of their species, such as
dominant (left) versus submissive (right) patteshewn in the three species (A-C) above.
Elaborate sexual displays and posturing are eneceohin the behavioral ecology of animals.
The birds of paradise, for example, display elatoanaments and song during courtship.
These displays serve a dual purpose of signaliraithhe or well-adapted individuals and

desirable genes. The elaborate displays are dhyesexual selection as an advertisement of

guality of traits among male suitors.

3.6.2 Social Ecology
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Social ecological behaviors are notable in theaaaisects, slime moulds, social spiders,
human society, and naked mole rats where eusaoui&iés evolved. Social behaviors include
reciprocally beneficial behaviors among kin andt meates. Social behaviors evolve from kin
and group selection. Kin selection explains altruihrough genetic relationships, whereby
an altruistic behavior leading to death is rewardsd the survival of genetic copies
distributed among surviving relatives. The soameicts, including ants, bees and wasps are
most famously studied for this type of relationshgrause the male drones are clones that
share the same genetic make-up as every other imalee colony. In contrast, group
selectionists find examples of altruism among nendic relatives and explain this through
selection acting on the group, whereby it beconséectvely advantageous for groups if their
members express altruistic behaviors to one ano@r@ups that are predominantly altruists

beat groups that are predominantly selfish.

Symbiosis: Leafhoppers Eurymela fenestraja are protected by antslrilomyrmex
purpureu$ in a symbiotic relationship. The ants protectlgadhoppers from predators and in
return the leafhoppers feeding on plants exude yamwe from their anus that provides
energy and nutrients to tending ants.
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3.6.3 Coevolution

Ecological interactions can be divided into hostl @ssociate relationships. A host is any
entity that harbors another that is called the @as®. Host and associate relationships among
species that are mutually or reciprocally beneffieiee called mutualisms. If the host and
associate are physically connected, the relatipnishcalled symbiosis. Approximately 60%
of all plants, for example, have a symbiotic reaship with arbuscular mycorrhizal fungi.
Symbiotic plants and fungi exchange carbohydratesriineral nutrients. Symbiosis differs
from indirect mutualisms where the organisms lipara For example, tropical rainforests
regulate the Earth's atmosphere. Trees living ené@uatorial regions of the planet supply
oxygen into the atmosphere that sustains spesigg lin distant polar regions of the planet.
This relationship is called commensalism becauseynm@her host species receive the
benefits of clean air at no cost or harm to theeiase tree species supplying the oxygen. The
host and associate relationship is called parasitisone species benefits while the other
suffers. Competition among species or among memifetse same species is defined as
reciprocal antagonism, such as grasses competirgydaith space. Popular ecological study
systems for mutualism include, fungus-growing aetaploying agricultural symbiosis,
bacteria living in the guts of insects and othegamisms, the fig wasp and yucca moth
pollination complex, lichens with fungi and photo#yetic algae, and corals with
photosynthetic algae. Nevertheless, many organis®rploit host rewards without
reciprocating and thus have been branded with @achyf not-very-flattering names such as
‘cheaters’, 'exploiters’, 'robbers’', and 'thiev&khough cheaters impose several host cots
(e.g., via damage to their reproductive organs r@pagules, denying the services of a
beneficial partner), their net effect on host fémds not necessarily negative and, thus,

becomes difficult to forecast.

3.6.4 Biogeography
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The wordbiogeographyis an amalgamation dfiology andgeography Biogeography is the

comparative study of the geographic distribution aranisms and the corresponding
evolution of their traits in space and time. Therdal of Biogeography was established in
1974. Biogeography and ecology share many of ttisiciplinary roots. For example, the
theory of island biogeography, published by the heatatician Robert MacArthur and
ecologist Edward O. Wilson in 1967is considered ohdhe fundamentals of ecological

theory.

Biogeography has a long history in the naturalreme where questions arise concerning the
spatial distribution of plants and animals. Ecolagyd evolution provide the explanatory
context for biogeographical studies. Biogeograghipatterns result from ecological
processes that influence range distributions, sashmigration and dispersal. and from
historical processes that split populations or mgemto different areas. The biogeographic
processes that result in the natural splitting pécgees explains much of the modern
distribution of the Earth's biota. The splitting lafeages in a species is called vicariance
biogeography and it is a sub-discipline of biogapiyy. There are also practical applications
in the field of biogeography concerning ecologisgstems and processes. For example, the
range and distribution of biodiversity and invassgecies responding to climate change is a

serious concern and active area of research irexbat global warming

3.6.5 r/K-Selection theory

A population ecology concept (introduced in MacAwtrand Wilson's (1967) bookhe
Theory of Island Biogeographys r/K selection theory, one of the first predietmodels in
ecology used to explain life-history evolution. Tpremise behind the r/K selection model is
that natural selection pressures change accordimppulation density. For example, when

an island is first colonized, density of individsiab low. The initial increase in population
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size isnot limited by competition, leaving an abundance odikble resources for rapid
population growth. These early phases of populagi@wth experiencédensity-independent
forces of natural selection, which is callegelection. As the population becomes more
crowded, it approaches the island's carrying cépattius forcing individuals to compete
more heavily for fewer available resources. Undeswded conditions the population

experiences density-dependent forces of naturatsen, calledk-selection.

In the r/K-selection model, the first variableis the intrinsic rate of natural increase in
population size and the second variales the carrying capacity of a population. Differen
species evolve different life-history strategiesarsging a continuum between these two
selective forces. Am-selected species is one that has high birth radeslevels of parental
investment, and high rates of mortality before wdlials reach maturity. Evolution favors
high rates of fecundity im-selected species. Many kinds of insects and imeaspecies
exhibitr-selected characteristics. In contrask-aelected species has low rates of fecundity,
high levels of parental investment in the youngd dow rates of mortality as individuals
mature. Humans and elephants are examples of sp@dmbitingK-selected characteristics,

including longevity and efficiency in the convensiof more resources into fewer offspring.

3.6.6 Molecular ecology

The important relationship between ecology and tienmheritance predates modern
techniques for molecular analysis. Molecular eclaigresearch became more feasible with
the development of rapid and accessible genetlintdogies, such as the polymerase chain
reaction (PCR). The rise of molecular technologied influx of research questions into this
new ecological field resulted in the publicatidfolecular Ecologyin 1992. Molecular
ecology uses various analytical techniques to sg&hes in an evolutionary and ecological

context. In 1994, John Avise also played a leadimig in this area of science with the
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publication of his book,Molecular Markers, Natural History and EvolutiorNewer

technologies opened a wave of genetic analysisorganisms once difficult to study from an
ecological or evolutionary standpoint, such as dréat fungi and nematodes. Molecular
ecology engendered a new research paradigm forstigaéing ecological questions
considered otherwise intractable. Molecular ingggtons revealed previously obscured
details in the tiny intricacies of nature and imyead resolution into probing questions about
behavioral and biogeographical ecology. For exampt®lecular ecology revealed
promiscuous sexual behavior and multiple male pastin tree swallows previously thought
to be socially monogamous. In a biogeographicaktecdnthe marriage between genetics,

ecology and evolution resulted in a new sub-digogptalled phylogeography.

3.6.7 Human Ecology

Human ecology is the interdisciplinary investigatiato the ecology of our species. "Human
ecology may be defined: (1) from a bio-ecologidangpoint as the study of man as the
ecological dominant in plant and animal communitiad systems; (2) from a bio-ecological
standpoint as simply another animal affecting argindy affected by his physical
environment; and (3) as a human being, somehoverdiit from animal life in general,
interacting with physical and modified environmemtsa distinctive and creative way. A
truly interdisciplinary human ecology will most &k address itself to all three." The term
human ecology was formally introduced in 1921, Ipu&ny sociologists, geographers,
psychologists, and other disciplines were intecestehuman relations to natural systems

centuries prior, especially in the late 19th centtBome authors have identified a new
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unifying science in coupled human and natural systéhat builds upon, but moves beyond
the field human ecology. Ecology is as much a lgiclal science as it is a human science.
"Perhaps the most important implication involves wiew of human societydomo sapiens
is not an external disturbance, it is a keystorexigs within the system. In the long term, it
may not be the magnitude of extracted goods andcesrthat will determine sustainability.
It may well be our disruption of ecological recoyand stability mechanisms that determines

system collapse.”

4.0Conclusion

The student has learnt the following

» The concept of ecology

* The significance of ecology to evolution
» Different types of ecology

» Ecological models

5.0Summary

The science of ecology studies interactions betwe®hvidual organisms and their
environments, including interactions with both quesfics and members of other species.
Though ecology emerged in the 19th century mucitsaheoretical structure only emerged
in the twentieth century. Though ecology includeside variety of sub-fields, philosophical
analysis of ecology has so far been restricted dpulation, community, and ecosystem
ecology. Central philosophical problems includeliegion of relevant notions of ecological
diversity and stability the relation between divgrand stability. Other debated questions are
the nature of laws and theories in ecology, stragegf model-building, and reductionism.

Contemporary ecology is undergoing a conceptual eapil because of increased
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computational power. The recent emphasis on indalitbtased models, which embrace
methodological individualism, should be viewed aseturn of reductionism in ecology.
Other important developments include widespreadrést in spatially explicit models and

the advent of Geographical Information Systems.

6.0 Tutor-Marked Assignment
* What do you understand by the term ecology
» State the different types of ecology

* Explain one model in ecology

7.0Reference/Further Reading

Aerts, R. and Chapin Ill, F. S. 2000. “The Mineialtrition of Wild Plants Revisited: A Re-

Evaluation of Processes and PatterAslVances in Ecological Resear8é 1-67.

Beissinger, S. R. 2002. “Population Viability Ansily. Past, Present, Future.” In Beissinger,
S. R. and McCullough, D. R. EdPopulation Viability AnalysisChicago: University of

Chicago Press, pp. 5-17.

Beissinger, S. R. and Westphal, M. |. 1998. “On thse of Demographic Models of
Population Viability in Endangered Species Managareournal of Wildlife Management

62: 821 —841.

Connor, E. F. and McCoy, E. D. 1979. “The Statsstamd Biology of the Species-Area

Relationship.”American Naturalisiil3 791-833.

Cooper, G. J. 2004The Science of the Struggle for Existence: On tbanB8ations of
Ecology New York: Cambridge University Press.

155



Cuddington, K. 2001. “The ‘Balance of Nature’ Meatap and Equilibrium in Population

Ecology.”Biology and Philosoph$6: 463-479.

UNIT 2: INTRODUCTION TO POLYMORPHISM

Content

1.0Introduction

2.00bjective

3.0 Terminology
3.1Nomenclature
3.2Ecology
3.3Polymorphism and Niche Diversity
3.4The Switch
3.5Investigative Methods
3.6 Genetic Polymorphism
3.7Mechanism of Balancing Selection
3.8Pleiotropism
3.9Epistasis

4.00rigin of Supergenes

5.0Conclusion

6.0 Summary

7.0 Tutor-Marked Assignment

8.0Reference/Further Readings

156



1.0 Introduction

Polymorphism in biology occurs when two or moreadhe different phenotypes exist in the
same population of a species — in other words,oit®irrence of more than omem or
morph In order to be classified as such, morphs mustpg the same habitat at the same

time and belong to a panmictic population (one wéthdom mating).

Polymorphism is common in nature; it is related biodiversity, genetic variation and
adaptation; it usually functions to retain varietiyform in a population living in a varied
environment. The most common example is sexual gilmem, which occurs in many
organisms. Other examples are mimetic forms ofebpiligs (see mimicry), and human

haemoglobin and blood types.

Polymorphism results from evolutionary processasdaes any aspect of a species. It is
heritable and is modified by natural selectionptdyphenism, an individual's genetic make-
up allows for different morphs, and the switch nmatbhm that determines which morph is
shown is environmental. Igenetic polymorphismthe genetic make-up determines the

morph. Ants exhibit both types in a single populati

2.0 Objectives

At the end of this unit, the student should be able

* Define polymorphism

» State and discuss types of polymorphism
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3.0 Terminology

Although in general use polymorphism is quite aabirterm, in biology it has been given a

specific meaning.

The term omits characters showilegntinuous variation(such as weight), even
though this has a heritable component. Polymorphisals with forms in which the
variation is discrete (discontinuous) or strongipadal or polymodal.

Morphs must occupy the same habitat at the same tinis excludes geographical
races and seasonal forms. The use of the waoadph or polymorphisnfor what is a
visibly different geographical race or variantis common, but incorrect. The
significance of geographical variation is in thimay lead to allopatric speciation,
whereas true polymorphism takes place in panmpaipulations.

The term was first used to descrMisible forms but nowadays it has been extended
to includecryptic morphsfor instance blood types, which can be revealed test.
Rare variations are not classified as polymorphjsang mutations by themselves do
not constitute polymorphisms. To qualify as a padypihism there has to be some
kind of balance between morphs underpinned by itamee. The criterion is that the
frequency of thdeast common morph is too high simply to be the restdlinew
mutations or, as a rough guide, that it is gredtan 1 percent (though that is far

higher than any normal mutation rate for a singjleley

3.1 Nomenclature

Polymorphism crosses several discipline boundariesluding ecology and genetics,

evolution theory, taxonomy, cytology and biochenyisDifferent disciplines may give the

same concept different names, and different coscepty be given the same name. For
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example, there are the terms established in e@albgenetics by E.B. Ford (1975) and for
classical genetics by John Maynard Smith (1998) Si@ter ternmorphismmay be more
accurate thanpolymorphism but is not often used. It was the preferred testnthe

evolutionary biologist Julian Huxley (1955).

Various synonymous terms exist for the various palgphic forms of an organism. The most
common arenorphandmorphg while a more formal term isworphotype Form andphase
are sometimes also used, but are easily confuseddlogy with, respectively, "form" in a
population of animals, and "phase" as a color dreotchange in an organism due to
environmental conditions (temperature, humiditg, )etPhenotypic traits and characteristics

are also possible descriptions, though that wauldly just a limited aspect of the body.

In the taxonomic nomenclature of zoology, the wambrpha" plus a Latin name for the
morph can be added to a binomial or trinomial naR®wever, this invites confusion with
geographically-variant ring species or subspeaspgecially if polytypic. Morphs have no
formal standing in the ICZN. In botanical taxonontlye concept of morphs is represented
with the terms "variety”, "subvariety" and "fornwhich are formally regulated by the ICBN.
Horticulturalists sometimes confuse this usagewafriety” both with cultivar ("variety” in

viticultural usage, rice agriculture jargon, andomrmal gardening lingo) and with the legal

concept "plant variety" (protection of a cultivar @ form of intellectual property)

3.2 Ecology

Selection, whether natural or artificial, chandes frequency of morphs within a population;
this occurs when morphs reproduce with differemrdes of success. A genetic f@lanced
polymorphism usually persists over many generatiomsntained by two or more opposed

and powerful selection pressures. Diver (1929) fbbanding morphs i€epaea nemoralis
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could be seen in pre-fossil shells going back eNtesolithic Holocene. Apes have similar
blood groups to humans; this suggests rather dirahagt this kind of polymorphism is quite
ancient, at least as far back as the last commoestor of the apes and man, and possibly

even further.

The relative proportions of the morphs may varg #ttual values are determined by the
effective fitness of the morphs at a particularetiamd place. The mechanism of heterozygote
advantage assures the population of some alteenatlgles at the locus or loci involved.
Only if competing selection disappears will an lallelisappear. However, heterozygote
advantage is not the only way a polymorphism canmaentained. Apostatic selection,
whereby a predator consumes a common morph whitstaoking rarer morphs is possible

and does occur. This would tend to preserve raoephs from extinction.

A polymorphic population does not initiate spe@atinor does it prevent speciation. It has
little or nothing to do with species splitting. Hewer,it has a lot to do with the adaptation of
a species to its environmenthich may vary in colour, food supply, predatemd in many

other ways. Polymorphism is one good way the oppaties get to be used; it has survival

value, and the selection of modifier genes mayfoete the polymorphism.

3.3 Polymorphism and Niche Diversity

G. Evelyn Hutchinson, a founder of niche reseaodmmented "It is very likely from an

ecological point of view that all species, or atde all common species, consist of
populations adapted to more than one niche". He gavexamples sexual size dimorphism
and mimicry. In many cases where the male is dhatt and smaller than the female, he
does not compete with her during her late pre-aahudtadult life. Size difference may permit
both sexes to exploit different niches. In elab®raases of mimicry, such as the African
butterfly Papilio dardanus female morphs mimic a range of distasteful mqod#ften in the
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same region. The fitness of each type of mimic ekses as it becomes more common, so the
polymorphism is maintained by frequency-dependefgcsion. Thus the efficiency of the

mimicry is maintained in a much increased totaliaton.

3.4 The switch

The mechanism which decides which of several mogrhsdividual displays is called the
switch This switch may be genetic, or it may be envirental. Taking sex determination as
the example, in humans the determination is geneyithe XY sex-determination system. In
Hymenoptera (ants, bees and wasps), sex deteromniatby haplo-diploidy: the females are
all diploid, the males are haploid. However, in gommimals an environmental trigger
determines the sex: alligators are a famous cagmimt. In ants the distinction between
workers and guards is environmental, by the feedihthe grubs. Polymorphism with an

environmental trigger is called polyphenism.

The polyphenic system does have a degree of emagntal flexibility not present in the
genetic polymorphism. However, such environmemiggjers are the less common of the two

methods.

3.5 Investigative Methods

Investigation of polymorphism requires a comingetibgr of field and laboratory technique.

In the field:

« detailed survey of occurrence, habits and predation
» selection of an ecological area or areas, with-deefined boundaries
« capture, mark, release, recapture data (see Markegapture)

+ relative numbers and distribution of morphs

161



« estimation of population sizes

And in the laboratory:

« genetic data from crosses

- population cages

- chromosome cytology if possible

- use of chromatography or similar techniques if rher@re cryptic (for example,

biochemical)

Both types of work are equally important. Withouoger field-work the significance of the
polymorphism to the species is uncertain; with@ldoratory breeding the genetic basis is
obscure. Even with insects the work may take magrs; examples of Batesian mimicry

noted in the nineteenth century are still beingaeshed.

3.6 Genetic Polymorphism

Since all polymorphism has a genetic bagéetic polymorphisrhas a particular meaning:

« Genetic polymorphism is the simultaneous occurrendbe same locality of two or
more discontinuous forms in such proportions theg tarest of them cannot be

maintained just by recurrent mutation or immigratio

The definition has three parts: a) sympatry: orterbreeding population; b) discrete forms;

and c) not maintained just by mutation.

Genetic polymorphism is actively and steadily maimed in populations by natural selection,

in contrast tdransient polymorphism&here a form is progressively replaced by anotBegr.
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definition, genetic polymorphism relates to a batwor equilibrium between morphs. The

mechanisms that conserve it are types of balarsstegtion.

3.7 Mechanism of Balancing Selection

« Heterosis (or heterozygote advantage): "Hetertisesheterozygote at a locus is fitter

than either homozygote".

« Frequency dependent selection: The fitness of ecplar phenotype is dependent on
its frequency relative to other phenotypes in aegiypopulation. Example: prey
switching, where rare morphs of prey are actudttgrfdue to predators concentrating

on the more frequent morphs.

« Fitness varies in time and space. Fitness of atgpaamay vary greatly between

larval and adult stages, or between parts of adtatainge.

- Selection acts differently at different levels. Titaess of a genotype may depend on
the fitness of other genotypes in the populatibis tovers many natural situations
where the best thing to do (from the point of viedvsurvival and reproduction)

depends on what other members of the populatioda@rgy at the time.

3.8 Pleiotropism

Most genes have more than one effect on the pheaatfyan organism (pleiotropism). Some
of these effects may be visible, and others crygticit is often important to look beyond the
most obvious effects of a gene to identify othdéeas. Cases occur where a gene affects an
unimportant visible character, yet a change ineBgis recorded. In such cases the gene's

other (cryptic or 'physiological’) effects may lesponsible for the change in fitness.

163



"If a neutral trait is pleiotropically linked to amdvantageous one, it may emerge
because of a process of natural selection. It wiest®d but this doesn't mean it is an
adaptation. The reason is that, although it waecssdl, there was no selection for that

trait.

3.9 Epistasis

Epistasisoccurs when the expression of one gene is modifjednother gene. For example,
gene A only shows its effect when allele B1 (atthao Locu$ is present, but not if it is
absent. This is one of the ways in which two or engenes may combine to produce a
coordinated change in more than one charactel(fgicinstance, in mimicry). Unlike the

supergene, epistatic genes do not need to be glodetd or even on the same chromosome.

Both pleiotropism and epistasis show that a gemel met relate to a character in the simple

manner that was once supposed.

4.0 Origin of supergenes

Although a polymorphism can be controlled by aBes a single locus (e.g. human ABO
blood groups), the more complex forms are contioblg supergenes consisting of several
tightly linked genes on a single chromosome. Batesaimicry in butterflies and heterostyly
in angiosperms are good examples. There is a lamghsng debate as to how this situation

could have arisen, and the question is not yetvedo

Whereas a gene family (several tighly linked ggmex$orming similar or identical functions)
arises by duplication of a single original genés th usually not the case with supergenes. In

a supergene some of the constituent genes hawe djatinct functions, so they must have
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come together under selection. This process mig¥élve suppression of crossing-over,
translocation of chromosome fragments and possibasional cistron duplication. That

crossing-over can be suppressed by selection leesKko®wn for many years.

Debate has centred round the question of whetleetdmponent genes in a super-gene could
have started off on separate chromosomes, withegulest reorganization, or if it is
necessary for them to start on the same chromod0ngnally, it was held that chromosome
rearrangement would play an important role. Thiglaxation was accepted by E. B. Ford

and incorporated into his accounts of ecologicalegies.

However, today many believe it more likely that tpEnes start on the same chromosome.
They argue that supergenes arossitu. This is known as Turner's sieve hypothedihn
Maynard Smith agreed with this view in his authetiite textbook but the question is still not

definitively settled.

5.0 Conclusion

In this unit the student learnt the following:

Definition of polymorphism

Nomenclature associated with polymorphism

Ecology

Genetics and polymorphism

6.0 Summary

Polymorphism, in biology, a discontinuous genetiiation resulting in the occurrence of
several different forms or types of individuals algahe members of a single species. A

discontinuous genetic variation divides the indidts of a population into two or more
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sharply distinct forms. The most obvious exampleahi$ is the separation of most higher

organisms into male and female sexes.

7.0 Tutor-Marked Assignment

Define polymorphism

Explain polymorphism and niche diversity

Discuss mechanism of balancing selection

What is Epistatsis
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1.0 INTRODUCTION

Polymorphism results from evolutionary processasdaes any aspect of a species. It is
heritable and is modified by natural selectionptlyphenism, an individual's genetic make-
up allows for different morphs, and the switch nmatbhm that determines which morph is
shown is environmental. Igenetic polymorphismthe genetic make-up determines the

morph. Ants exhibit both types in a single popuaati

2.0 Objective

In this unit the student will learn the following:

» Sexual dimorphism
* Human polymorphism

* Polymorphism in lower organisms

3.0 Sexual dimorphism
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We meet genetic polymorphism daily, since our sgseaises sexual reproduction, and of
course, the sexes are differentiated. However, dvime sexes were identical in superficial
appearance, the division into two sexes is a difmermp, albeit cryptic. This is because the
phenotype of an organism includes its sexual orgams its chromosomes, and all the
behaviour associated with reproduction. So resestchsexual dimorphism has addressed
two issues: first, the advantage of sex in evohary terms; second, the role of visible sexual

differentiation.

The system is relatively stable and heritable, sy means of sex chromosomes. Every
aspect of this everyday phenomenon bristles withstjons for the theoretical biologist. Why

is the ratio ~50/50? How could the evolution of smocur from an original situation of
asexual reproduction, which has the advantage ¢katy member of a species could
reproduce? Why the visible differences betweerséxes? These questions have engaged the
attentions of biologists such as Charles Darwingusi Weismann, Ronald Fisher, George C.

Williams, John Maynard Smith and W. D. Hamiltontlwvaried success.

Of the many issues involved, there is widespreadeagent on the following: the advantage
of sexual and hermaphroditic reproduction over aakxeproduction lies in the way

recombination increases the genetic diversity ef éhsuing population. The advantage of
sexual reproduction over hermaphroditic is not E@arc In forms that have two separate
sexes, same sex combinations are excluded frorngnathich decreases the amount of
diversity compared with hermaphrodites by at |&éagte. So, why are almost all progressive
species bi-sexual, considering the asexual processore efficient and simple, whilst

hermaphrodites produce a more diversified progerty?has been suggested that
differentiation into two sexes has evolutionary atages allowing changes to concentrate in

the male part of the population and at the same foreserving the existing genotype
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distribution in the females. This enables the pafoih to better meet the challenges of

infection, parasitism, predation and other hazafdke varied environment.

3.1 Human polymorphism

3.1.1 Human blood groups

All the common blood types, such as the ABO bloodug system, are genetic
polymorphisms. Here we see a system where themaare than two morphs: the phenotypes
are A, B, AB and O are present in all human popatat but vary in proportion in different
parts of the world. The phenotypes are controllgdrultiple alleles at one locus. These
polymorphisms are seemingly never eliminated bynadtselection; the reason came from a

study of disease statistics.

Statistical research has shown that the variousqilipes are more, or less, likely to suffer a
variety of diseases. For example, an individualscsptibility to cholera (and other diarrheal
infections) is correlated with their blood type:ose with type O blood are the most
susceptible, while those with type AB are the mresistant. Between these two extremes are
the A and B blood types, with type A being morastst than type B. This suggests that the
pleiotropic effects of the genes set up opposigctige forces, thus maintaining a balance.
Geographical distribution of blood groups is bigacbnsistent with the classification of

"races” developed by early anthropologists on @msof visible features.

3.1.2 Sickle-cell anaemia

Such a balance is seen more simply in sickle-eelkeia, which is found mostly in tropical
populations in Africa and India. An individual homygous for the recessive sickle
haemoglobin, HgbS, has a short expectancy of lifleereas the life expectancy of the

standard haemoglobin (HgbA) homozygote and alsohiterozygote is normal (though
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heterozygote individuals will suffer periodic prehis). The sickle-cell variant survives in the
population because the heterozygote is resistamaiaria and the malaria parasite kills a
huge number of people each year. This is balansgigction or genetic polymorphism,
balanced between fierce selection against homozygatkle-cell sufferers, and selection
against the standard HgbA homozygotes by malarie feterozygote has a permanent
advantage (a higher fitness) so long as malariste&xand it has existed as a human parasite
for a long time. Because the heterozygote survisegjoes the HgbS allele survive at a rate

much higher than the mutation rate

3.1.3 Duffy system

The Duffy antigen is a protein located on the stefaf red blood cells, encoded by the FY
(DARC) gene. The protein encoded by this gene isoa-specific receptor for several
chemokines, and is the known entry-point for thenho malarial parasites Plasmodium
vivax and Plasmodium knowlesi. Polymorphisms iis thene are the basis of the Duffy blood
group system. In humans, a mutant variant at aesisite in the FY cis-regulatory region
abolishes all expression of the gene in erythrogytcursors. As a result, homozygous
mutants are strongly protected from infection byiRax, and a lower level of protection is
conferred on heterozygotes. The variant has apfham@@sen twice in geographically distinct
human populations, in Africa and Papua New Guiltdaas been driven to high frequencies
on at least two haplotypic backgrounds within Adrickecent work indicates a similar, but
not identical, pattern exists in baboons (Papicocgphalus), which suffer a mosquito-carried
malaria-like pathogen, Hepatocystis kochi. Reseascinterpret this as a case of convergent

evolution.

172



3.1.4 G6PD

G6PD (Glucose-6-phosphate dehydrogenase) humampgdpism is also implicated in
malarial resistance. G6PD alleles with reducedviigtiare maintained at a high level in
endemic malarial regions, despite reduced geneahility. Variant A (with 85% activity)

reaches 40% in sub-Saharan Africa, but is genetaflg than 1% outside Africa and the

Middle East.

3.1.5 Cystic fibrosis

Cystic fibrosis, a congenital disorder which affeabout one in 2000 children, is caused by a
mutant form of the CF transmembrane regulator geR&,R. The transmission is Mendelian:
the normal gene is dominant, so all heterozygoteshaalthy, but those who inherit two
mutated genes have the condition. The mutatedealklpresent in about 1:25 of the
population (mostly heterozygotes), which is mucbher than expected from the rate of
mutation alone. Sufferers from this disease hawetshed life expectancy (and males are
usually sterile if they survive), and the diseases wffectively lethal in pre-modern societies.
The incidence of the disease varies greatly betwe#iamc groups, but is highest in Caucasian

populations.

Although over 1500 mutations are known in the CFEERe, by far the most common mutant
is DF508. This mutant is being kept at a high lawethe population despite the lethal or
near-lethal effects of the mutant homozygote. Ense that some kind of heterozygote
advantage is operating. Early theories that therbeygotes might enjoy increased fertility
have not been borne out. Present indications aetlle bacterium which causes typhoid
fever enters cells using CFTR, and experiments witbe suggest that heterozygotes are

resistant to the disease. If the same were trireimans, then heterozygotes would have had
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an advantage during typhoid epidemics. Cystic 8lwas a prime target for gene therapy

research.

3.1.6 Human taste morphisms

A famous puzzle in human genetics is the genetitityalto taste phenylthiocarbamide
(phenylthiourea or PTC), a morphism which was disced in 1931. This substance, which
to some of us is bitter, and to others tastelssef no great significance in itself, yet it is a
genetic dimorphism. Because of its high frequendyi¢h varies in different ethnic groups) it
must be connected to some function of selectiveievalhe ability to taste PTC itself is
correlated with the ability to taste other bitteibbstances, many of which are toxic. Indeed,
PTC itself is toxic, though not at the level oftiag it on litmus. Variation in PTC perception
may reflect variation in dietary preferences thiomgt human evolution, and might correlate
with susceptibility to diet-related diseases in ewwd populations. There is a statistical

correlation between PTC tasting and liability tgrthd disease.

Fisher, Ford and Huxley tested orangutans and cmages for PTC perception with positive
results, thus demonstrating the long-standing emés of this dimorphisi® The recently
identified PTC gene, which accounts for 85% of tdeting variance, has now been analysed

for sequence variation with results which suggek&csion is maintaining the morphism.

3.1.7 Lactose tolerance/intolerance

The ability to metabolize lactose, a sugar foundmitk and other dairy products, is a

prominent dimorphism that has been linked to rebenman evolution.
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3.1.8 MHC molecules

The genes of the major histocompatibility compIs#C) are highly polymorphic, and this
diversity plays a very important role in resistatcgathogens. This is true for other species

as well.

4.0 Polymorphism in lower organisms

4.1 The Cuckoo

Over fifty species in this family of birds practiseood parasitism; the details are best seen in
the British or European cucko@(culus canorus The female lays 15-20 eggs in a season,
but only one in each nest of another bird. She v@a®m®some or all of the host's clutch of
eggs, and lays an egg which closely matches theelggs. Although, in Britain, the hosts are
always smaller than the cuckoo itself, the eggslay® are small, and coloured to match the
host clutch but thick-shelled. This latter is aetefe which protects the egg if the host detects

the fraud.

The intruded egg develops exceptionally quicklyewhhe newly-hatched cuckoo is only ten
hours old, and still blind, it exhibits an urgedject the other eggs or nestlings. It rolls them
into a special depression on its back and heaws thut of the nest. The cuckoo nestling is
apparently able to pressure the host adults fadiigeby mimicking the cries of the host

nestlings. The diversity of the cuckoo's eggs isaexdinary, the forms resembling those of

its most usual hosts. In Britain these are:

« Meadow pipit Anthus pratens)s brown eggs speckled with darker brown.
« European robinHrithacus rubecula whitish-grey eggs speckled with bright red.

+ Reed warblerAcrocephalus scirpengidight dull green eggs blotched with olive.
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« RedstartPhoenicurus phoenicuryisclear blue eggs.
« Hedge sparrowRrunella modulari¥. clear blue eggs, unmarked, not mimicked. This

bird is an uncritical fosterer; it tolerates inmtsst eggs that do not resemble its own.

Each female cuckoo lays one type only; the same Iigid by her mother. In this way female
cuckoos are divided into groups (knowngasites singulargeng, each parasitises the host to
which it is adapted. The male cuckoo has its owritéey, and mates with females from any

gens; thus the population (all gentes) is interdhireg

The standard explanation of how the inheritancgewnfs works is as follows. The egg colour
is inherited by sex chromosome. In birds sex ddatetion is ZZ/ZW, and unlike mammals,
the heterogametic sex is the female. The deterigigame (or super-gene) for the inheritance
of egg colour is believed to be carried on the Wbofosome, which is directly transmitted in
the female line. The female behaviour in chooshegtiost species is set by imprinting after

birth, a common mechanism in bird behaviour.

Ecologically, the system of multiple hosts proteatst species from a critical reduction in
numbers, and maximises the egg-laying capacitii@pbpulation of cuckoos. It also extends
the range of habitats where the cuckoo eggs magibed successfully. Detailed work on the
Cuckoo started with E. Chance in 1922, and consirtoethe present day; in particular, the

inheritance of gens is still a live issue.

4.2 Hover fly polymorphism
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Xanthogramma pedissiquumVolucella zonaria a large| Mallota sp., a bumblebege

a wasp mimic bumblebee mimic mimic

Hoverfly mimics can be seen in almost any gardethéntemperate zone. The Syrphidae are
a large (5600+ species) family of flies; their immageed on nectar and pollen, and are well
known for their mimicry of social hymenoptera. Tiemicry is Batesian in nature: hoverflies

are palatable but hymenoptera are generally urgidéaind may also be protected by stings

and/or armour.

Many social wasp (Vespidae) species exhibit Midierimimicry, where a group of
unpalatable species benefit from sharing the santedf warning (aposematic) colouration.
Wasps are decidedly noxious: nasty-tasting and aitfainful sting. They form a Mullerian
'ring’ of similarly coloured models; the wasps afeen accompanied by clusters of hover-fly
mimics, who tend to arrive at the flowers at a Emiime of day, and whose flight pattern is

passably similar to wasp flight.

Observers in a garden can see for themselves alatfty mimics are quite common, usually

many times more common than the models, and aativelly poor mimics, often easy to
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distinguish from real wasps. However, it has bestaldished in other cases that imperfect
mimicry can confer significant advantage to the mjnespecially if the model is really
noxious. Also, not only is polymorphism absent frdrase mimics, it is absent in the wasps

also: these facts are presumably connected.

The situation with bumblebeeBdmbus3 is rather different. They too are unpalatablethia
sense of being difficult to eat: their body is cade with setae and is armoured; they are
sometimes described as being 'non-food'. Mostlerl®35 carried out tests of their
palatability: with the exception of specialist besters, adults of 19 species of birds ate only
2% of 646 bumblebees presented to them. After waritials, Mostler attributed their
avoidance mainly to mechanical difficulties in hiamgt one young bird took 18 minutes to

subdue, kill and eat a bumblebee.

Bumblebees form Mullerian rings of species, and tthe often exhibit polymorphism. The
hoverfly species mimicking bumblebees are genemaigurate mimics, and many of their
species are polymorphic. Many of the polymorphisares different between the sexes, for

example by the mimicry being limited to one sexyonl

The question is, how can the differences betweeralsewasp mimics and bumblebee mimics
be explained? Evidently if model species are comnamiad have overlapping distributions,
they are less likely to be polymorphic. Their mimm&re widespread and develop a kind of
rough and ready jack-of-all-trades mimicry. Butribdel species are less common and have
patchy distribution they develop polymorphism; dhdir mimics match them more exactly

and are polymorphic also. The issues are curréeilyg investigated.

4.3 Scarlet tiger moth
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The scarlet tiger mothCallimorphe (Panaxig dominula (family Arctiida€) occurs in
continental Europe, weste Asia and southern England. It is a -flying moth, noxiou-
tasting, with brilliant warning colour in flight,ub cryptic at rest. The moth is colonial
habit, and prefers marshy ground or hedgerows.préferred food of the larvae is the hi

Comfrey Symphytum officina). In England it has one generation per

Callimorpha dominulamorphatypica with spread wings. The red with black rear wir
revealed in flight, warn of its ixious taste. The front wings are cryptic, coverihg reai
wings at rest. Here the moth is resting but akemt] has jinked the front wings forward

reveal the warning flash.

The moth is known to be polymorphic in its colortyCothill, about five miles ( km) from
Oxford, with three forms: the typicchomozygote the rare homozygotebimaculg and the
heterozygoterfedionigrg. It was studied there by Ford and later by Sheppadtheir co-
workers over many years. Data is available from9l&Bthe present day, got by the us
field method of capturesark-releaserecapture and by genetic analysis from breedin
captivity. The records cover gene frequency andufadjor-size for nuch of the twentietl

century.

In this instance the genetics appears to be simptealleles at a singlcus, producing the

three phenotypesTotal captures over 26 years 1-64 came to 15,784 homozygc
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dominula(i.e. typica), 1,221 heterozygoumedionigraand 28 homozygousimacula Now,
assuming equal viability of the genotypes 1,20%iwatygotes would be expected, so the
field results danot suggest any heterozygous advantage. It was Stepgar found that the
polymorphism is maintained by selective mating:hegenotype preferentially mates with
other morphs. This is sufficient to maintain theteyn despite the fact that in this case the

heterozygote has slightly lower viability.

4.4 Peppered moth

The peppered mothBiston betularia is justly famous as an example of a population
responding in a heritable way to a significant dem their ecological circumstances. E.B.
Ford described peppered moth evolution as "onén@fost striking, though not the most

profound, evolutionary changes ever actually wiseesin nature".

Although the moths are cryptically camouflaged amedt during the day in unexposed
positions on trees, they are predated by birdsimgitty sight. The original camouflage (or
crypsis) seems near-perfect against a backgrourcth®n growing on trees. The sudden
growth of industrial pollution in the nineteenthntery changed the effectiveness of the
moths' camouflage: the trees became blackened dity @od the lichen died off. In 1848 a
dark version of this moth was found in the Manchestea. By 1895 98% of the Peppered
Moths in this area were black. This was a rapidngeafor a species that has only one

generation a year.
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Biston betulariamorphatypice, the standard lighteloured Peppered Mo

&

Biston betulariamorphacarbonarie, the melanic Peppered Moth.

In Europe, there are three morphs: the typical evimiorph betularie or typica), and
carbonarig the melanic black morph. They are controlledallelesat onelocus, with the
carbonaria being dominanthere is also an intermediate or s-melanic morptinsularia,

controlled by other alleles (see Majerus 19!

A key fact, not realised initially, is the advantagf the heterozygotes, which survive be
than either of the homozygotes. This affects therpal@s as well as the moths, in spite
the caterpillars being monomorphic in appearanbey(tare twig mimics). In practic
heterozygote advantageits a limit to the effect of selection, since heithomozygote ca

reach 100% of the population. For this reasors likely that the carbonaria allele was in
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population originally, pre-industrialisation, atlaw level. With the recent reduction in

pollution, the balance between the forms has ayrshdted back significantly.

Another interesting feature is that the carbon#rda noticeably darkened after about a
century. This was seen quite clearly when specinoefiscted about 1880 were compared
with specimens collected more recently: clearly dagk morph has been adjusted by the
strong selection acting on the gene complex. Thightrhappen if a more extreme allele was
available at the same locus; or genes at otherntoght act as modifiers. We do not, of
course, know anything about the genetics of thgimal melanics from the nineteenth

century.

This type of industrial melanism has only affecsdh moths as obtain protection from
insect-eating birds by resting on trees where #ireyconcealed by an accurate resemblance
to their background (over 100 species of moth iaBr with melanic forms were known by
1980). No species which hide during the day, fatance, among dead leaves, is affected,

nor has the melanic change been observed amoregfhest

This is, as shown in many textbooks, "evolutiomation”. Much of the early work was done
by Bernard Kettlewell, whose methods came undeutisgr later on. The entomologist
Michael Majerus discussed criticisms made of Kettli#s experimental methods in his 1998
book Melanism: Evolution in ActianThis book was misrepresented in some reviewstlaand
story picked up by creationist campaigners. Juditdoper, in her controversial bodRf
Moths and Men(2002), implied that Kettlewell's work was frauent or incompetent.
Careful studies of Kettlewell's surviving papers RBydge (2005) and Young (2004) found
that Hooper's accusation of fraud was unjustifialg that "Hooper does not provide one
shred of evidence to support this serious allegatidajerus himself describedf Moths and

Men as 'littered with errors, misrepresentations, mesipretations and falsehoods".A
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suitably restrained 2004 summary of opinion mofiyoured predation as the main selective
force. Starting in 2000, Majerus conducted a dedlaiseven year study of moths,
experimenting to assess the various criticisms. ddiecluded that that differential bird

predation was a major factor responsible for theidke in carbonariafrequency compared to

typica in Cambridge during the study period, and desdribés results as a complete
vindication of the peppered moth story. He saifliié rise and fall of the peppered moth is
one of the most visually impacting and easily ustiexd examples of Darwinian evolution in

action, it should be taught. It provides aftertd proof of evolution."”

Current interpretation of the available evidenc¢het the peppered moth is in fact a valid
example of natural selection and adaptation. dsthates a polymorphic species maintaining

adaptation to a varied and sometimes changing @mwient.

4.5 Chromosome polymorphism irDrosophila

In the 1930s Dobzhansky and his co-workers colte€sophila pseudoobscurandD.

persimilis from wild populations in California and neighbmgi states. Using Painter's
technique they studied the polytene chromosomesdaudvered that the wild populations
were polymorphic for chromosomal inversions. Algtliies look alike whatever inversions
they carry: this is an example of a cryptic polyptosm. Accordingly, Dobzhansky favoured
the idea that the morphs became fixed in the pdipuldy means of Sewall Wright's drift.

However, evidence rapidly accumulated to show rilasiral selection was responsible:
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o

Drosophilapolytene chromoson

1. Values for heterozygote inversions of the tlihtlomosome were often much higher tl
they should be under the null assumption: if noaativge for any form the number
heterozygotes should conform tcs (number in sample) =%p2pg+d where 2pq is the

number of heterozygotes (sHardy-Weinberg equilibrium).

2. Using a mtod invented by I'Heretier and Teissier, Dobzhgnbked populations i
population cageswhich enabled feeding, breeding and sampling silgteventing escap
This had the benefit of eliminatirmigrationas a possible explanation of the results. St
containing inversions at a known initial frequemeyn be maintained in controlled conditio
It was found that the various chromosome typesatdlactuate at random, ¢hey would if
selectively neutral, but adjust to certain freques@t which they become stabilised. V\D.
persimilis he found that the caged population followed theueslexpected on the Ha-
Weinberg equilibrium when conditions were optimalhich cisproved any idea of n«

random mating), but with a restricted food sup@yenozygotes had a distinct advant

3. Different proportions of chromosome morphs wiexend in different areas. There is, -
example, a polymorphatio cline in D. robustaalong an 18nile (2€km) transect near
Gatlinburg, TNpassing from 1,000 feet (3 m) to 4,000 feet. Also, the same areas san
at different times of year yielded significant éiférces in the proportions of forms. Tt
indicates a regular cycle of changes which adjustpopulation to the seasonal conditic

For these results selection is by far the mostylik&planatior

4. Lastly, morphs cannot be maintained at the kegklsfound simply by mutation, nor

drift a possible explanation when population nuralze higl
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By the time Dobzhansky published the third editadrhis book in 1951, he was persuaded
that the chromosome morphs were being maintainethenpopulation by the selective

advantage of the heterozygotes, as with most palymems. Later he made yet another
interesting discovery. One of the inversions, kn@snPP, was quite rare up to 1946, but by
1958 its proportion had risen to 8%. Not only tHaif the proportion was similar over an

area of some 200,000 square miles (520,008) kmCalifornia. This cannot have happened
by migration of PP morphs from, say, Mexico (wh#re inversion is common) because the
rate of dispersal (at less than 2 km/year) is efvinong order. The change therefore reflected

a change in prevailing selection whose basis wagetknown.

5.0 Conclusion

In this unit the student learnt the following:

» Sexual polymorphism
* Human polymorphism

* Polymorphism in lower organisms

6.0 Summary

Polymorphism is a condition in which a populatiaspesses more than one allele at a locus.
Sometimes it is defined as the condition of havimgyye than one allele with a frequency of

over 5% in the population.
There may be several causes of polymorphism:
» Polymorphism can be maintained by a balance letwariation created by new mutations

and natural selection (see mutational load).
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» Genetic variation may be caused by frequency-uldgat selection.

» Multiple niche polymorphism exists when differegenotypes should have different

fitnesses in different niches.

» Heterozygous advantage may maintain alleles wiimhld otherwise be selected against.

* If selection is operating, migration can introdymlymorphism into a population.

These are all sources of polymorphism which make ofthe mechanisms of natural

selection. Genetic drift is also a possible sowfogenetic variation.
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MODULE 4: VARIATION; TYPES AND CAUSES

UNIT 1: EVOLUTION AND VARIATION

1.0 Introduction

Evolution is the cornerstone of modern biologyunites all the fields of biology under one
theoretical umbrella. It is not a difficult concefitut very few people -- the majority of
biologists included -- have a satisfactory grasgt.oDne common mistake is believing that
species can be arranged on an evolutionary ladoder bacteria through "lower" animals, to
"higher" animals and, finally, up to man. Mistak@srmeate popular science expositions of
evolutionary biology. Mistakes even filter into lmgy journals and texts. For example,
Lodish, et. al., in their cell biology text, proittg "It was Charles Darwin's great insight that
organisms are all related in a great chain of bhelhtn fact, the idea of a great chain of

being, which traces to Linnaeus, was overturneDdmwin's idea of common descent.

Misunderstandings about evolution are damagindnéostudy of evolution and biology as a
whole. People who have a general interest in seiang likely to dismiss evolution as a soft
science after absorbing the pop science nonseas@tbunds. The impression of it being a
soft science is reinforced when biologists in umted fields speculate publicly about

evolution. Evolution is a change in the gene pdoh@opulation over time. A gene is a
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hereditary unit that can be passed on unaltereth&ory generations. The gene pool is the set

of all genes in a species or population.

The English mothBiston betularia is a frequently cited example of observed evohuti
[evolution: a change in the gene pool] In this mibkkre are two color morphs, light and dark.
H. B. D. Kettlewell found that dark moths constdtless than 2% of the population prior to
1848. The frequency of the dark morph increasedteryears following. By 1898, the 95% of
the moths in Manchester and other highly indusneal areas were of the dark type. Their
frequency was less in rural areas. The moth papualathanged from mostly light colored
moths to mostly dark colored moths. The moths'rcalas primarily determined by a single
gene. So, the change in frequency of dark colorethsnrepresented a change in the gene

pool. This change was, by definition, evolution.

The increase in relative abundance of the dark typs due to natural selection. The late
eighteen hundreds was the time of England's indlstevolution. Soot from factories
darkened the birch trees the moths landed on. Agaisooty background, birds could see the
lighter colored moths better and ate more of th&sia result, more dark moths survived
until reproductive age and left offspring. The geeanumber of offspring left by dark moths

is what caused their increase in frequency. Thamisxample of natural selection.

Populations evolve. In order to understand evahytibis necessary to view populations as a
collection of individuals, each harboring a differeset of traits. A single organism is never
typical of an entire population unless there isvadation within that population. Individual
organisms do not evolve, they retain the same gdmesghout their life. When a population
is evolving, the ratio of different genetic typeschanging -- each individual organism within
a population does not change. For example, in teeiqus example, the frequency of black

moths increased; the moths did not turn from lighgray to dark in concert. The process of
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evolution can be summarized in three sentencesessarnutate. Individuals are selected.

Populations evolve.

Evolution can be divided into microevolution and amevolution. The kind of evolution

documented above is microevolution. Larger changgsh as when a new species is formed,
are called macroevolution. Some biologists feel thechanisms of macroevolution are
different from those of microevolutionary changeh&s think the distinction between the

two is arbitrary -- macroevolution is cumulativecnuevolution.

The word evolution has a variety of meanings. Taet that all organisms are linked via
descent to a common ancestor is often called agoluThe theory of how the first living

organisms appeared is often called evolution. Tdhsuld be called abiogenesis. And
frequently, people use the word evolution when treglly mean natural selection -- one of

the many mechanisms of evolution.

2.0 Objectives

At the end of this unit, the students should be &l
* Understand the basis for variation: Evolution
» Describe variation

» Highlight the importance of natural selection

3.0 Natural Selection

In elephants, as in cod, many individuals die betwegg and adult; they both have excess
fecundity. This excess fecundity exists becausenibitd does not contain enough resources
to support all the eggs that are laid and all theng that are born. The world contains only

limited amounts of food and space. A population reggand to some extent, but logically
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there will come a point beyond which the food sypplust limit its further expansion. As
resources are used up, the death rate in the pgmpuiacreases, and when the death rate
equals the birth rate the population will stop giryv Organisms, therefore, in an ecological
sense compete to survive and reproduce a bothtlgiirear example by defending territories,
and indirectly, for example by eating food that Idowtherwise be eaten by another
individual. The actual competitive factors limitinge sizes of real populations make up a
major area of ecological study. Various factorsenbeen shown to operate. What matters
here, however, is the general point that the mesnlbéra population, and members of
different species, compete in order to survive sTdompetition follows from the conditions
of limited resources and excess fecundity. Darwilemred to this ecological competition as
the “struggle for existence.” The expression isapRkorical: it does not imply a physical
fight to survive, though fights do sometimes happHEme struggle for existence takes place
within a web of ecological relations. Above an angan in the ecological food chain there
will be predators and parasites, seeking to feéd.ddelow it are the food resources it must
in turn consume in order to stay alive. At the sdevel in the chain are competitors that may
be competing for the same limited resources of foodpace.

An organism competes most closely with other memloérits own species, because they
have the most similar ecological needs to its o®ther species, in decreasing order of
ecological similarity, also compete and exert aatigg influence on the organism’s chance
of survival. Only the successful competitors widproduce themselves. An organism
competes most closely with other members of its epecies, because they have the most
similar ecological needs to its own. Other species,decreasing order of ecological
similarity, also compete and exert a negative grilte on the organism’s chance of survival.

Only the successful competitors will reproduce thelves.
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3.1 Variation

An individual organism'’s phenotype results fromhbité genotype and the influence from the
environment it has lived in. A substantial partloé variation in phenotypes in a population
is caused by the differences between their genstypRe modern evolutionary synthesis
defines evolution as the change over time in tleisegic variation. The frequency of one
particular allele will become more or less prevalezlative to other forms of that gene.
Variation disappears when a new allele reachesptiiet of fixation — when it either

disappears from the population or replaces thestratallele entirely.

Natural selection will only cause evolution if theis enough genetic variation in a
population. Before the discovery of Mendelian g@setone common hypothesis was
blending inheritance. But with blending inheritangenetic variance would be rapidly lost,
making evolution by natural selection implausibl&e Hardy-Weinberg principlgrovides
the solution to how variation is maintained in gplation with Mendelian inheritance. The
frequencies of alleles (variations in a gene) valain constant in the absence of selection,

mutation, migration and genetic drift.

Variation comes from mutations in genetic materiakhuffling of genes through sexual
reproduction and migration between populations €gdiow). Despite the constant
introduction of new variation through mutation agene flow, most of the genome of a
species is identical in all individuals of that sj@s. However, even relatively small
differences in genotype can lead to dramatic diffiees in phenotype: for example,

chimpanzees and humans differ in only about 5%eif genomes.

3.2 Types of variation
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How much, and with respect to what characters,atoral populations show variation and, in
particular, variation in fithess? Let us consideidyical variation through a series of levels
of organization, beginning with the organism’s nfwjogy, and working down to more
microscopic levels. The purpose of this sectiotoigive examples of variation, to show how
variation can be seen in almost all the propedfdsing things, and to introduce some of the
methods (particularly molecular methods) that wallsheet again and that are used to study
variation.

3.2.1 Genetic Variation

Evolution requires genetic variation. If there wamedark moths, the population could not
have evolved from mostly light to mostly dark. Ider for continuing evolution there must
be mechanisms to increase or create genetic \@riatid mechanisms to decrease it.
Mutation is a change in a gene. These changest@mource of new genetic variation.

Natural selection operates on this variation.

3.2.2 Morphological Level

At the morphological level, the individuals of atunal population will be found to vary for
almost any character we may measure. In some c¢bhesatike body size, every individual
differs from every other individual; this is calledntinuous variation. Other morphological
characters show discrete variation as they fal mtlimited number of categories. Sex, or
gender, is an obvious example, with some indivisldla population being female, others
male. This kind of categorical variation is founrdather characters too. A population that
contains more than one recognizable form pglymorphic (the condition is called
polymorphism). There can be any number of form®al cases, and they can have any set of
relative frequencies. With sex, there are usually forms. In the peppered motBigton

betularig), two main color forms are often distinguisheayubh real populations may contain
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three or more As the number of forms in the popahatincreases, the polymorphic,
categorical kind of variation blurs into the conmirus kind of variation.

3.2.3 Cellular Level

Variation is not confined to morphological charastdf we descend to a cellular character,
such as the number and structure of the chromosameeagain find variation. In the fruitfly
Drosophila melanogastethe chromosomes exist in giant forms in the lasativary glands
and they can be studied with a light microscopeyTturn out to have characteristic banding
patterns, and chromosomes from different individual a population have subtly varying
banding patterns. One type of variant is callednaersion in which the banding pattern a
and therefore the order of genes a of a regiohethromosome is inverted. A population of
fruitflies may be polymorphic for a number of diféat inversions. Chromosomal variation is
less easy to study in species that lack giant chsmmal forms, but it is still known to exist.
Populations of the Australian grasshopp@&yacrisscurra for example, may contain two
(normal and inverted) forms for each of two chroomss; that makes nine kinds of
grasshopper in all because an individual may bedzggous or heterozygous for any of the
four chromosomal types. The nine differ in size aradbility Chromosomes can vary in other
respects too. Individuals may vary in their numbechromosomes, for example. In many
species, some individuals have one or more extranubsomes, in addition to the normal
number for the species. These “supernumerary’chsomes, which are often called B
chromosomes, have been particularly studied in enaamd in grasshoppers. In the
grasshoppeAtractomorpha australisnormal individuals have 18 autosomes, but indiald
have been found with from one to six supernumargormlosomes. The population is
polymorphic with respect to chromosome number. iste@s and B chromosomes are just
two kinds of chromosomal variation. There are ottieds too; but these are enough to make

the point that individuals vary at the subcelluks,well as the morphological level.
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3.2.4 Biochemical Level

The story is the same at the biochemical levelhsas for proteins. Proteins are molecules
made up of sequences of amino acid units. A pdatiqurotein, like human hemoglobin, has
a particular characteristic sequence, which in tdetermines the molecule’s shape and
properties. But do all humans have exactly the ss@geience for hemoglobin, or any other
protein? In theory, we could find out by taking fr®tein from several individuals and then
working out the sequence in each of them; but iildde excessively laborious to do &el
electrophoresiss a much faster method. Gel electrophoresis wbdcause different amino
acids carry different electric charges. Differendtpins and different variants of the same
protein a have different net electric charges, bseathey have different amino acid
compositions. If we place a sample of proteins {whhe same molecular weight) in an
electric field, those with the largest electric ides will move fastest. For the student of
biological variation, the importance of the methedhat it can reveal different variants of a
particular type of protein. A good example is pded by a less well known protein than
hemoglobin a the enzyme called alcohol dehydrogenasthe fruitfly. Fruitflies, as their
name suggests, lay their eggs in, and feed onyohechuit. They are attracted to rotting fruit
because of the yeast it contains. Fruitflies cardiected almost anywhere in the world by
leaving out rotting fruit as a lure; and drowneditfties are usually found in a glass of wine
left out overnight after a garden party in the lstienmer. As fruit rots, it forms a number of
chemicals, including alcohol, which is both a paismd a potential energy source. Fruitflies
cope with alcohol by means of an enzyme calledhalcaehydrogenase. The enzyme is
crucial. If the alcohol dehydrogenase gene is ddlé&tom fruitflies, and those flies are then
fed on mere 5% alcohol, “they have difficulty flgrand walking, and finally, cannot stay on
their feet” (quoted in Ashburner 1998). Gel elephroresis reveals that, in most populations

of the fruitfly Drosophilamelanogasteralcohol dehydrogenase comes in two main forms.
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The two forms show up as different bands on theafjel the sample has been put on it, an
electric current put across it for a few hours, #relposition of the enzyme has been exposed
by a specific stain. The two variants are calleavs{Adh-9 or fast Adh-f) according to how
far they have moved in the time. The multiple basldsw that the protein is polymorphic.
The enzyme called alcohol dehydrogenase is actuwalltass of two polypeptides with
slightly different amino acid sequences. Gel etggtoresis has been applied to a large
number of proteins in a large number of speciesdiifierent proteins show different degrees
of variability. But the point for now is that mamyf these proteins have been found to be
variable a extensive variation exists in protemsatural

populations.

3.2.5 DNA Level

If variation is found in every organ, at every |leveamong the individuals of a population,
variation will almost inevitably also be found atet DNA level too. The inversion
polymorphisms of chromosomes that we met abovegxXample, are due to inversions of the
DNA sequence. However, the most direct method wyshg DNA variation is to sequence
the DNA itself. Let us stay with alcohol dehydrogea in the fruitfly. Kreitman (1983)
isolated the DNA encoding alcohol dehydrogenasenfrbl independent lines ob.
melanogasteand individually sequenced them all. Some of thdhddAdh-f, othersAdh-s

and the difference betwe&udh-fandAdh-swas always due to a single amino acid difference
(Thr or Lys at codon 192). The amino acid differerappears as a base difference in the
DNA, but this was not the only source of variatairthe DNA level. The DNA is even more
variable than the protein study suggests. At tlogéem level, only the two main variants were
found in the sample of 11 genes, but at the DNA&lldvere were 11 different sequences with
43 different variable sites. The amount of variatibat we find is therefore highest at the

DNA level. At the level of gross morphology, Brosophila with two Adh-f genes is
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indistinguishable from one with twAdh-sgenes; gel electrophoresis resolves two classes of
fly; but at the DNA level, the two classes decongiogo innumerable individual
variants. Restriction enzymes provide another ntetifstudying DNA variation. Restriction
enzymes exist naturally in bacteria, and a largabar a over 2,300 a of restriction enzymes
are known. Any one restriction enzyme cuts a DNrarsel wherever it has a particular
sequence, usually of about 4-8 base pairs. Thectest enzyme calle@EcoR1 for instance,
which is found in the bacteriuischerichia colirecognizes the base sequence ...GAATTC...
and cuts it between the initial G and the firsiAthe bacterium, the enzymes help to protect
against viral invasion by cleaving foreign DNA, bilie enzymes can be isolated in the
laboratory and used to investigate DNA sequencapp&e the DNA of two individuals
differs, and that one has the sequence GAATT Ccatriain site whereas the other individual
has another sequence such as GTATT. If the DNAaoh endividual is put witlEcoR1 only
that of the first individual will be cleaved. Théfdrence can be detected in the length of the
DNA fragments: the pattern of fragment lengths wiiffer for the two individuals. The
variation is calledrestriction fragment length polymorphisand has been found in all
populations that have been studied.
4.0 Conclusion
The student has learnt the following:

» Background history on the importance of evolution

* Variation

* Types of variation

5.0 Summary

Evolution has been called the cornerstone of biglagd for good reasons. It is possible to

do research in biology with little or no knowledgé evolution. Most biologists do. But,
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without evolution biology becomes a disparate skeffi@lds. Evolutionary explanations

pervade all fields in biology and brings them tdgetunder one theoretical umbrella.

We know that natural selection should optimizedhisting genetic variation in a population
to maximize reproductive success. This providesaeméwork for interpreting a variety of
biological traits and their relative importancer Egample, a signal intended to attract a mate
could be intercepted by predators. Natural seledias caused a trade- off between attracting
mates and getting preyed upon. If you assume samgetither than reproductive success is
optimized, many things in biology would make litdense. Without the theory of evolution,

life history strategies would be poorly understood.

Organisms are modified over time by cumulative redtaelection. The numerous examples
of jury- rigged design in nature are a direct restithis. The distribution of genetically based
traits across groups is explained by splittinginéages and the continued production of new

traits by mutation. The traits are restricted to liheages they arise in.

Details of the past also hold explanatory powebimlogy. Plants obtain their carbon by
joining carbon dioxide gas to an organic moleculéhiw their cells. This is called carbon
fixation. The enzyme that fixes carbon is RuBP oahyase. Plants using C3 photosynthesis
lose 1/3 to 1/2 of the carbon dioxide they origyndik. RuBP carboxlyase works well in the
absence of oxygen, but poorly in its presence. Ehizcause photosynthesis evolved when
there was little gaseous oxygen present. Later,nwdeygen became more abundant, the
efficiency of photosynthesis decreased. Photosyictlmeganisms compensated by making
more of the enzyme. RuBP carboxylase is the mastddnt protein on the planet partially

because it is one of the least efficient.

197



Ecosystems, species, organisms and their geneask long histories. A complete
explanation of any biological trait must have tvamponents. First, a proximal explanation -
- how does it work? And second, an ultimate exglana- what was it modified from? For
centuries humans have asked, "Why are we here?'af&@er to that question lies outside
the realm of science. Biologists, however, can pi®wan elegant answer to the question,

"How did we get here?"

6.0 Tutor-Marked Assignment
* What do you know about evolution?
* What is variation?
» Discuss natural selection.
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UNIT 2: GENETIC VARIATION
1.0 Introduction
In order for continuing evolution there must be heedsms to increase or create genetic
variation and mechanisms to decrease it. The merharof evolution are mutation, natural
selection, genetic drift, recombination and geo&fll have grouped them into two classes --
those that decrease genetic variation and thosénttraase it.
2.0 Objective
At the end of this unit, the student should be #bile

» Discuss on mechanisms that affect genetic variation

» Discuss on conditions for natural selection

* Have an understanding of Mutation, alleles, recomtion and Gene flow.

3.0 Mechanisms that Decrease Genetic Variation

3.1.1 Genetic variationhas two components: allelic diversity and non-dan associations
of alleles. Alleles are different versions of tlear® gene. For example, humans can have A,
B or O alleles that determine one aspect of tHelwdtype. Most animals, including humans,

are diploid -- they contain two alleles for evelng at every locus, one inherited from their
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mother and one inherited from their father. Loguthe location of a gene on a chromosome.
Humans can be AA, AB, AO, BB, BO or OO at the blagdup locus. If the two alleles at a
locus are the same type (for instance two A aljekde individual would be called
homozygous. An individual with two different allsleat a locus (for example, an AB
individual) is called heterozygous. At any locugrth can be many different alleles in a
population, more alleles than any single organiammossess. For example, no single human

can have an A, B and an O allele.

Considerable variation is present in natural paputa. At 45 percent of loci in plants there
is more than one allele in the gene pool. Any gipkamt is likely to be heterozygous at about
15 percent of its loci. Levels of genetic variatiomanimals range from roughly 15% of loci
having more than one allele (polymorphic) in birdspver 50% of loci being polymorphic in
insects. Mammals and reptiles are polymorphic autB0% of their loci - - amphibians and
fish are polymorphic at around 30% of their loci.rhost populations, there are enough loci
and enough different alleles that every individudgntical twins excepted, has a unique

combination of alleles.

Linkage disequilibrium is a measure of associabetween alleles of two different genes. If
two alleles were found together in organisms mditenathan would be expected, the alleles
are in linkage disequilibrium. If there two loci an organism (A and B) and two alleles at
each of these loci (Al, A2, B1 and B2) linkage disébrium (D) is calculated as D =
f(A1B1) * f(A2B2) - f(A1lB2) * f(A2B1l) (where f(X) s the frequency of X in the
population). [Loci (plural of locus): location ofgene on a chromosome] D varies between -
1/4 and 1/4; the greater the deviation from zere,dreater the linkage. The sign is simply a

consequence of how the alleles are numbered. Lenklgpquilibrium can be the result of
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physical proximity of the genes. Or, it can be nimed by natural selection if some

combinations of alleles work better as a team.

Natural selection maintains the linkage disequilifor between color and pattern alleles in
Papilio memnon(linkage disequilibrium: association between labeat different loci] In this
moth species, there is a gene that determines mvorghology. One allele at this locus leads
to a moth that has a tail; the other allele codesfuntailed moth. There is another gene that
determines if the wing is brightly or darkly coldreThere are thus four possible types of
moths: brightly colored moths with and without $aiind dark moths with and without tails.
All four can be produced when moths are broughd the lab and bred. However, only two
of these types of moths are found in the wild: lhtlig colored moths with tails and darkly
colored moths without tails. The non-random asgmeias maintained by natural selection.
Bright, tailed moths mimic the pattern of an unpabée species. The dark morph is cryptic.

The other two combinations are neither mimeticargptic and are quickly eaten by birds.

Assortative mating causes a non-random distributibralleles at a single locus. [locus:
location of a gene on a chromosome] If there are alleles (A and a) at a locus with
frequencies p and q, the frequency of the thresiplasgenotypes (AA, Aa and aa) will b& p

2pq and G respectively. For example, if the frequency ofs%0.9 and the frequency of a is
0.1, the frequencies of AA, Aa and aa individuaits 8.81, 0.18 and 0.01. This distribution is

called the Hardy-Weinberg equilibrium.

Non-random mating results in a deviation from thardy-Weinberg distribution. Humans
mate assortatively according to race; we are mkedylto mate with someone of own race
than another. In populations that mate this waygefeneterozygotes are found than would be

predicted under random mating. A decrease in heygaies can be the result of mate choice,
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or simply the result of population subdivision. Mawganisms have a limited dispersal

capability, so their mate will be chosen from tbedl population.

3.1.2 Conditions in Natural Selection

The excess fecundity, and consequent competitiosutaive in every species, provide the
preconditions for the process Darwin called natsedéction. Natural selection is easiest to
understand, in the abstract, as a logical argunhesding from premises to conclusion. The
argument, in its most general form, requires famditions:

1. Reproduction. Entities must reproduce to fornea generation.

2. Heredity. The offspring must tend to resemb&rtparents: roughly speaking, “like

must produce like.”

3. Variation in individual characters among the rbers of the population. If we are

studying natural selection on body size, then offié individuals in the population

must have different body sizes.

4. Variation in thefitnessof organisms according to the state they have féreatable
character. In evolutionary theory, fitness is dtecal term, meaning the average number of
offspring left by an individual relative to the nber of offspring left by an average member
of the population. This condition therefore meahat tindividuals in the population with
some characters must be more likely to reprodueg {iave higher fitness) than others. (The
evolutionary meaning of the term fitness diffei@nfrits athletic meaning.)

If these conditions are met for any property ofpacses, natural selection automatically

results. And if any are not, it does not. Thustesgj like planets, that do not reproduce,
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cannot evolve by natural selection. Entities tledroduce but in which parental characters
are not inherited by their offspring also cannatleg by natural selection. But when the four
conditions apply, the entities with the propertynfesring higher fitness will leave more
offspring, and the frequency of that type of entiyll increase in the population. The
evolution of drug resistance in HIV illustrates thpcess The usual form of HIV has a
reverse transcriptase that binds to drugs calledenside inhibitors as well as the proper
constituents of DNA (A, C, G, and T). In particylane nucleoside inhibitor called 3TC is a
molecular analog of C. When reverse transcriptéseep a 3TC molecule, instead of a C, in
a replicating DNA chain, chain elongation is stop@ad the reproduction of HIV is also
stopped. In the presence of the drug 3TC, the Higupation in a human body evolves a
discriminating form of reverse transcriptase aranfthat does not bind 3TCbut does bind C.
The HIV has then evolved drug resistance. The &aqu of the drug-resistant HIV increases
from an undetectably low frequency at the time diheg is first given to the patient up to
100% about 3 weeks later. The increase in the &moy of drug-resistant HIV is almost
certainly driven by natural selection. The virudigees all four conditions for natural
selection to operate. The virus reproduces; thigyatm resist drugs is inherited (because the
ability is due to a genetic change in the virukeg viral population within one human body
shows genetic variation in drug-resistance abilapd the different forms of HIV have
different fitnesses. In a human AIDS patient whdésng treated with a drug such as 3TC,
the HIV with the right change of amino acid in the2verse transcriptase will reproduce
better, produce more offspring virus like themssg)vand increase in frequency. Natural

selection favors them.
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3.1.3 Natural selection explains both evolution anddaptation

When the environment of HIV changes, such thaththe cell contains nucleoside inhibitors
such as 3TC as well as valuable resources such #w @opulation of HIV changes over
time. In other words, the HIV population evolvesatital selection produces evolution when
the environment changes; it will also produce etrohary change in a constant environment
if a new form arises that survives better thandimeent form of the species. The process that
operates in any AIDS patient on drug treatment Ie@esn operating in all life for 4,000
million years since life originated, and has driv@nch larger evolutionary changes over
those long periods of time. Natural selection canamly produce evolutionary change, it can
also cause a population to stay constant. If tr@mment is constant and no superior form
arises in the population, natural selection wilejrethe population the way it is. Natural
selection can explain both evolutionary change tAedabsence of change. Natural selection
also explains adaptation. The drug resistance &f idlan example of an adaptation The
discriminatory reverse transcriptase enzyme enabl®sto reproduce in an environment
containing nucleoside inhibitors. The new adaptaiMas needed because of the change in
the environment. In the drug treated AIDS patiemtfast but undiscriminating reverse
transcriptase was no longer adaptive. The actioratifral selection to increase the frequency
of the gene coding for a discriminating reversegscaiptase resulted in the HIV becoming
adapted to its environment. Over time, naturalctgle generates adaptation. The theory of
natural selection therefore passes the key tesbysddarwin for a satisfactory theory of

evolution.

3.1.4 Sexual Selection

In many species, males develop prominent secorstayal characteristics. A few oft cited

examples are the peacock's tail, coloring and pette male birds in general, voice calls in
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frogs and flashes in fireflies. Many of these sastre a liability from the standpoint of
survival. Any ostentatious trait or noisy, attentigetting behavior will alert predators as well

as potential mates. How then could natural seleddwor these traits?

Natural selection can be broken down into many ammepts, of which survival is only one.
Sexual attractiveness is a very important componésetlection, so much so that biologists

use the term sexual selection when they talk athisisubset of natural selection.

Sexual selection is natural selection operatingfamtors that contribute to an organism's
mating success. Traits that are a liability to stalvcan evolve when the sexual attractiveness
of a trait outweighs the liability incurred for suwral. A male who lives a short time, but
produces many offspring is much more successful théong lived one that produces few.
The former's genes will eventually dominate theegpaool of his species. In many species,
especially polygynous species where only a few smalenopolize all the females, sexual
selection has caused pronounced sexual dimorplmsthese species males compete against
other males for mates. The competition can be reitliect or mediated by female choice. In
species where females choose, males compete byaydgp striking phenotypic
characteristics and/or performing elaborate coiptbkehaviors. The females then mate with
the males that most interest them, usually the engsthe most outlandish displays. There

are many competing theories as to why femalestaeeted to these displays.

The good genes model states that the display itediciome component of male fitness. A
good genes advocate would say that bright colanmgale birds indicates a lack of parasites.
The females are cueing on some signal that is letek with some other component of

viability.
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Selection for good genes can be seen in sticklabdckhese fish, males have red coloration
on their sides. Milinski and Bakker showed thaensity of color was correlated to both
parasite load and sexual attractiveness. Femaleterprd redder males. The redness

indicated that he was carrying fewer parasites.

Evolution can get stuck in a positive feedback loApother model to explain secondary
sexual characteristics is called the runaway sezeakdction model. R. A. Fisher proposed
that females may have an innate preference for soale trait before it appears in a

population. Females would then mate with male eesnivhen the trait appears. The offspring
of these matings have the genes for both thedraitthe preference for the trait. As a result,
the process snowballs until natural selection lsrithgnto check. Suppose that female birds
prefer males with longer than average tail feathihstant males with longer than average
feathers will produce more offspring than the sleathered males. In the next generation,
average tail length will increase. As the generatiprogress, feather length will increase
because females do not prefer a specific lengthbtai a longer than average tail. Eventually
tail length will increase to the point were thebllay to survival is matched by the sexual

attractiveness of the trait and an equilibrium Vol established. Note that in many exotic
birds male plumage is often very showy and mangisgedo in fact have males with greatly

elongated feathers. In some cases these featleesbed after the breeding season.

None of the above models are mutually exclusiveer&tare millions of sexually dimorphic

species on this planet and the forms of sexuatsefeprobably vary amongst them.

3.1.5 Genetic Drift

Allele frequencies can change due to chance albhis. is called genetic drift. Drift is a

binomial sampling error of the gene pool. What thisans is, the alleles that form the next
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generation's gene pool are a sample of the ali@asthe current generation. When sampled

from a population, the frequency of alleles diffslightly due to chance alone.

Alleles can increase or decrease in frequency duwdkitt. The average expected change in
allele frequency is zero, since increasing or desing in frequency is equally probable. A
small percentage of alleles may continually changguency in a single direction for several
generations just as flipping a fair coin may, owasion, result in a string of heads or tails. A

very few new mutant alleles can drift to fixationthis manner.

In small populations, the variance in the rateladrge of allele frequencies is greater than in
large populations. However, the overall rate ofajendrift (measured in substitutions per

generation) is independent of population sizehdf tutation rate is constant, large and small
populations lose alleles to drift at the same rates is because large populations will have
more alleles in the gene pool, but they will losenh more slowly. Smaller populations will

have fewer alleles, but these will quickly cycleoingh. This assumes that mutation is
constantly adding new alleles to the gene poolsatection is not operating on any of these

alleles.

Sharp drops in population size can change allelguencies substantially. When a population
crashes, the alleles in the surviving sample maybeorepresentative of the precrash gene
pool. This change in the gene pool is called thenfler effect, because small populations of
organisms that invade a new territory (founders)sarbject to this. Many biologists feel the
genetic changes brought about by founder effectg omatribute to isolated populations
developing reproductive isolation from their pargmbpulations. In sufficiently small
populations, genetic drift can counteract selectidiidly deleterious alleles may drift to

fixation.
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Wright and Fisher disagreed on the importance dt. dfisher thought populations were
sufficiently large that drift could be neglected.rigtit argued that populations were often
divided into smaller subpopulations. Drift couldusa allele frequency differences between
subpopulations if gene flow was small enough. Bubpopulation was small enough, the
population could even drift through fitness vallagsthe adaptive landscape. Then, the
subpopulation could climb a larger fitness hill. i@eflow out of this subpopulation could
contribute to the population as a whole adaptirtgs TS Wright's Shifting Balance theory of

evolution.

Both natural selection and genetic drift decreaseetic variation. If they were the only
mechanisms of evolution, populations would evemyuaécome homogeneous and further

evolution would be impossible.

3.2 Mechanisms that Increase Genetic Variation

Mutation is any change occurring in the messagealgene carries. Mutations mainly arise
as copy errors when DNA is replicated at mitosid areiosis. Darwinian evolution requires
a constant supply of variation: much of it is sugghlby mutation, and a mutation-selection

balance can maintain a genetic polymorphism. Tts fhajor geneticist to study mutation
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was H.J. Muller, who demonstrated it can be indung&-rays. He also recognized that the
rate of mutation in nature is extremely low, andtttihey are almost always deleterious to the
fithess of the organism. The accumulation of delets mutations places a mutational load
on the population. Mutations can occur at singlsebievel or at chromosomal level. The
effects of mutation can occasionally be very draenabme of these fruitflies have suffered

mutations which alter the number of wings that dsve

Mutations are changes in the DNA sequence of s gghome. When mutations occur, they
can either have no effect, alter the product okaeg or prevent the gene from functioning.
Based on studies in the fiyrosophila melanogasteit has been suggested that if a mutation
changes a protein produced by a gene, this wibgioty be harmful, with about 70% of these
mutations having damaging effects, and the remairmeng either neutral or weakly

beneficial.

Mutations can involve large sections of a chromasdmecoming duplicated (usually by
genetic recombination), which can introduce extaies of a gene into a genome. Extra
copies of genes are a major source of the raw rahtezeded for new genes to evolve. This
is important because most new genes evolve withimegamilies from pre-existing genes
that share common ancestors. For example, the hegeanses four genes to make structures
that sense light: three for colour vision and asrenight vision; all four are descended from a

single ancestral gene.

New genes can be generated from an ancestral geae @ duplicate copy mutates and
acquires a new function. This process is easiee @angene has been duplicated because it
increases the redundancy of the system; one gehe pair can acquire a new function while
the other copy continues to perform its originaildtion. Other types of mutations can even

generate entirely new genes from previously nomgp@iNA.
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The generation of new genes can also involve spaaits of several genes being duplicated,
with these fragments then recombining to form newlginations with new functions. When
new genes are assembled from shuffling pre-exigtiaugs, domains act as modules with
simple independent functions, which can be mixegktioer to produce new combinations
with new and complex functions. For example, polige synthases are large enzymes that
make antibiotics; they contain up to one hundrependent domains that each catalyze one
step in the overall process, like a step in anmbeline. Mutation limits the rate of
evolution. The rate of evolution can be expresseteims of nucleotide substitutions in a
lineage per generation. Substitution is the replesd of an allele by another in a population.
This is a two step process: First a mutation occues) individual, creating a new allele. This
allele subsequently increases in frequency toibran the population. The rate of evolution
is k = 2Nvu (in diploids) where k is nucleotide stitutions, N is the effective population
size, v is the rate of mutation and u is the prbporof mutants that eventually fix in the

population.

Mutation need not be limiting over short time sparise rate of evolution expressed above is
given as a steady state equation; it assumes #stensyis at equilibrium. Given the time
frames for a single mutant to fix, it is uncleapdpulations are ever at equilibrium. A change
in environment can cause previously neutral all@ddsave selective values; in the short term
evolution can run on "stored" variation and thusindependent of mutation rate. Other
mechanisms can also contribute selectable variatiBecombination creates new
combinations of alleles (or new alleles) by joinsgpuences with separate microevolutionary
histories within a population. Gene flow can alsp@y the gene pool with variants. Of

course, the ultimate source of these variants istiaum.
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3.2.1 The Fate of Mutant Alleles

Mutation creates new alleles. Each new allele ertteg gene pool as a single copy amongst
many. Most are lost from the gene pool, the organisirrying them fails to reproduce, or
reproduces but does not pass on that particulatealA mutant's fate is shared with the
genetic background it appears in. A new allele wmitially be linked to other loci in its
genetic background, even loci on other chromosoiifidise allele increases in frequency in
the population, initially it will be paired with loér alleles at that locus -- the new allele will
primarily be carried in individuals heterozygous foat locus. The chance of it being paired
with itself is low until it reaches intermediateefuency. If the allele is recessive, its effect
won't be seen in any individual until a homozygestéormed. The eventual fate of the allele

depends on whether it is neutral, deleterious oeheal.

3.2.2 Neutral alleles

Most neutral alleles are lost soon after they appBlae average time (in generations) until
loss of a neutral allele is 2(Ne/N) In(2N) wheresNhe effective population size (the number
of individuals contributing to the next generatsogene pool) and N is the total population
size. Only a small percentage of alleles fix. Fbsts the process of an allele increasing to a
frequency at or near one. The probability of a redullele fixing in a population is equal to

its frequency. For a new mutant in a diploid popalg this frequency is 1/2N.

If mutations are neutral with respect to fitnesg tate of substitution (k) is equal to the rate
of mutation(v). This does not mean every new mugaentually reaches fixation. Alleles are
added to the gene pool by mutation at the samethiateare lost to drift. For neutral alleles
that do fix, it takes an average of 4N generattondo so. However, at equilibrium there are

multiple alleles segregating in the population.small populations, few mutations appear
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each generation. The ones that fix do so quicklgtikee to large populations. In large
populations, more mutants appear over the genastBut, the ones that fix take much
longer to do so. Thus, the rate of neutral evolut{m substitutions per generation) is

independent of population size.

The rate of mutation determines the level of hetggosity at a locus according to the neutral
theory. Heterozygosity is simply the proportion thie population that is heterozygous.
Equilibrium heterozygosity is given as H = 4Nv/[4Ny (for diploid populations). H can
vary from a very small number to almost one. In Ispapulations, H is small (because the
equation is approximately a very small number dididby one). In (biologically
unrealistically) large populations, heterozygosapgproaches one (because the equation is
approximately a large number divided by itself).rdatly testing this model is difficult
because N and v can only be estimated for mostalgiapulations. But, heterozygosities are
believed to be too low to be described by a syrickutral model. Solutions offered by
neutralists for this discrepancy include hypothiegizhat natural populations may not be at

equilibrium.

At equilibrium there should be a few alleles aemtediate frequency and many at very low
frequencies. This is the Ewens- Watterson distidoutNew alleles enter a population every
generation, most remain at low frequency until tlaeg lost. A few drift to intermediate
frequencies, a very few drift all the way to fixati In Drosophila pseudoobscura, the protein
Xanthine dehydrogenase (Xdh) has many variants.simgle population, Keith, et. al., found
that 59 of 96 proteins were of one type, two otlveese represented ten and nine times and

nine other types were present singly or in low narsb
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3.2.3 Deleterious alleles

Deleterious mutants are selected against but reatalow frequency in the gene pool. In
diploids, a deleterious recessive mutant may irs&réa frequency due to drift. Selection
cannot see it when it is masked by a dominantealMiany disease causing alleles remain at
low frequency for this reason. People who are eesrilo not suffer the negative effect of the
allele. Unless they mate with another carrier,alele may simply continue to be passed on.
Deleterious alleles also remain in populations &ivafrequency due to a balance between

recurrent mutation and selection. This is calledrttutation load.

3.2.4 Beneficial alleles

Most new mutants are lost, even beneficial onesghVrcalculated that the probability of

fixation of a beneficial allele is 2s. (This ass@n®e large population size, a small fithess
benefit, and that heterozygotes have an intermediiaess. A benefit of 2s yields an overall
rate of evolution: k=4Nvs where v is the mutati@terto beneficial alleles) An allele that
conferred a one percent increase in fithess onyy n@wo percent chance of fixing. The
probability of fixation of beneficial type of mutams boosted by recurrent mutation. The
beneficial mutant may be lost several times, bun&vally it will arise and stick in a

population. (Recall that even deleterious mutagtsirin a population.)

Directional selection depletes genetic variatiothatselected locus as the fitter allele sweeps
to fixation. Sequences linked to the selected allelso increase in frequency due to
hitchhiking. The lower the rate of recombinatiohe tlarger the window of sequence that
hitchhikes. Begun and Aquadro compared the leveluzieotide polymorphism within and
between species with the rate of recombination dbcais. Low levels of nucleotide

polymorphism within species coincided with low satef recombination. This could be
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explained by molecular mechanisms if recombinaiiself was mutagenic. In this case,
recombination with also be correlated with nucléetdivergence between species. But, the
level of sequence divergence did not correlate wht rate of recombination. Thus, they
inferred that selection was the cause. The coreldtetween recombination and nucleotide
polymorphism leaves the conclusion that selectiveeps occur often enough to leave an

imprint on the level of genetic variation in natuypapulations.

One example of a beneficial mutation comes from ri@squito Culex pipiens. In this
organism, a gene that was involved with breakingvrdarganophosphates - common
insecticide ingredients -became duplicated. Progehyhe organism with this mutation
quickly swept across the worldwide mosquito popafatThere are numerous examples of
insects developing resistance to chemicals, edpe€iBT which was once heavily used in
this country. And, most importantly, even thoughodd” mutations happen much less
frequently than "bad" ones, organisms with "gooditations thrive while organisms with

"bad" ones die out.

If beneficial mutants arise infrequently, the offitjess differences in a population will be
due to new deleterious mutants and the deletenieasssives. Selection will simply be
weeding out unfit variants. Only occasionally véllbeneficial allele be sweeping through a
population. The general lack of large fitness ddfeces segregating in natural populations
argues that beneficial mutants do indeed ariseeqguiently. However, the impact of a
beneficial mutant on the level of variation at aus can be large and lasting. It takes many
generations for a locus to regain appreciable $ewélheterozygosity following a selective

sweep.
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3.2.5 Recombination

Each chromosome in our sperm or egg cells is aumaxbf genes from our mother and our
father. Recombination can be thought of as gendflsiygu Most organisms have linear
chromosomes and their genes lie at specific loodtaxri) along them. Bacteria have circular
chromosomes. In most sexually reproducing organishese are two of each chromosome
type in every cell. For instance in humans, evémpmosome is paired, one inherited from
the mother, the other inherited from the father.ewtan organism produces gametes, the
gametes end up with only one of each chromosomegierHaploid gametes are produced

from diploid cells by a process called meiosis.

In meiosis, homologous chromosomes line up. The DilAhe chromosome is broken on
both chromosomes in several places and rejoined thi¢ other strand. Later, the two
homologous chromosomes are split into two sepaits that divide and become gametes.
But, because of recombination, both of the chrommesoare a mix of alleles from the mother

and father.

Recombination creates new combinations of alléMisles that arose at different times and
different places can be brought together. Recontibimaan occur not only between genes,
but within genes as well. Recombination within aggean form a new allele. Recombination
is a mechanism of evolution because it adds neslesalland combinations of alleles to the

gene pool.
3.2.6 Gene Flow
New organisms may enter a population by migratremfanother population. If they mate

within the population, they can bring new alleleghie local gene pool. This is called gene
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flow. In some closely related species, fertile hgdrcan result from interspecific matings.

These hybrids can vector genes from species toespec

Gene flow between more distantly related speciesurscinfrequently. This is called
horizontal transfer. One interesting case of thi®ives genetic elements called P elements.
Margaret Kidwell found that P elements were tramsfit from some species in the
Drosophila willistoni group to Drosophila melanotgas These two species of fruit flies are
distantly related and hybrids do not form. Thenges do, however, overlap. The P elements
were vectored into D. melanogaster via a parasitte that targets both these species. This
mite punctures the exoskeleton of the flies andideen the “juices". Material, including
DNA, from one fly can be transferred to another whke mite feeds. Since P elements
actively move in the genome (they are themselveasgias of DNA), one incorporated itself
into the genome of a melanogaster fly and subselyuspread through the species.
Laboratory stocks of melanogaster caught prioheo1940's lack of P elements. All natural

populations today harbor them.

4.0 Conclusion

In this unit the student learnt the following:

Genetic variation

* Mechanisms that decrease genetic variation
* Natural selection

» Conditions for natural selection

» Sexual selection

* Genetic drift

* Mechanisms that increase genetic variation
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* Mutation
* Alleles
e Recombination

« Gene flow

5.0 Summary

Evolution is a change in the gene pool of a popabver time; it can occur due to several
factors. Three mechanisms add new alleles to the geol: mutation, recombination and
gene flow. Two mechanisms remove alleles, geneificachd natural selection. Drift removes
alleles randomly from the gene pool. Selection neesodeleterious alleles from the gene
pool. The amount of genetic variation found in gudation is the balance between the

actions of these mechanisms.

Natural selection can also increase the frequericgnoallele. Selection that weeds out
harmful alleles is called negative selection. Sedecthat increases the frequency of helpful
alleles is called positive, or sometimes positivaidnian, selection. A new allele can also
drift to high frequency. But, since the change neqtiency of an allele each generation is

random, nobody speaks of positive or negative.drift

Except in rare cases of high gene flow, new allelgsr the gene pool as a single copy. Most
new alleles added to the gene pool are lost almosediately due to drift or selection; only
a small percent ever reach a high frequency in pbpulation. Even most moderately
beneficial alleles are lost due to drift when theypear. But, a mutation can reappear

numerous times.

The fate of any new allele depends a great de#h®wrganism it appears in. This allele will
be linked to the other alleles near it for manyegations. A mutant allele can increase in
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frequency simply because it is linked to a benafiailele at a nearby locus. This can occur
even if the mutant allele is deleterious, althoiighust not be so deleterious as to offset the
benefit of the other allele. Likewise a potentidigneficial new allele can be eliminated from
the gene pool because it was linked to deleterddletes when it first arose. An allele "riding
on the coat tails" of a beneficial allele is calkedhitchhiker. Eventually, recombination will
bring the two loci to linkage equilibrium. But, tmeore closely linked two alleles are, the

longer the hitchhiking will last.

The effects of selection and drift are coupled.ftDis intensified as selection pressures
increase. This is because increased selectiora(gesater difference in reproductive success
among organisms in a population) reduces the @feeqiopulation size, the number of

individuals contributing alleles to the next gettiena

6.0 Tutor-Marked Assignment

* What is genetic variation?

* What are the mechanisms that affect genetic vanati
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UNIT 3: RESHUFFLING OF GENES

1.0 Introduction

Genetic recombinationis a process by which a molecule of nucleic aoglélly DNA, but
can also be RNA) is broken and then joined to &diht one. Recombination can occur
between similar molecules of DNA, as in homologagxombination, or dissimilar
molecules, as in non-homologous end joining. Redoation is a common method of DNA

repair in both bacteria and eukaryotes.

2.0 Objectives

At the end of this unit, students should learnfatlewing

e Genetic recombination
« Chromosomal crossover

» Sexual reproduction

3.0 Genetic Recombination

The shuffling of genes brought about by genetiomggination is thought to have many
advantages, as it is a major engine of geneti@ttan and also allows sexually reproducing
organisms to avoid Muller's ratchet, in which thengmes of an asexual population

accumulate deleterious mutations in an irreversid@ner.

In genetic engineering, recombination can alsor refartificial and deliberate recombination
of disparate pieces of DNA, often from differentganisms, creating what is called
recombinant DNA. A prime example of such a use ehedic recombination is gene
targeting, which can be used to add, delete orraike change an organism's genes. This
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technique is important to biomedical researcherg adows them to study the effects of
specific genes. Techniques based on genetic recatndmn are also applied in protein

engineering to develop new proteins of biologicétrest.

Genetic recombination is catalyzed by many diffemzymes, calledecombinasesRecA,
the chief recombinase found Escherichia coliis responsible for the repair of DNA double
strand breaks (DSBs). In yeast and other eukarywgjanisms there are two recombinases
required for repairing DSBs. The RADS51 protein Bsguired for mitotic and meiotic

recombination, whereas the DMCL1 protein is spetifimeiotic recombination.

3.1 Chromosomal Crossover

Chromosomal crossover refers to recombination betwhbe paired chromosomes inherited
from each of one's parents, generally occurringndumeiosis. During prophase | the four
available chromatids are in tight formation witheoanother. While in this formation,
homologous sites on two chromatids can mesh withamother, and may exchange genetic

information.

Because recombination can occur with small probiglat any location along chromosome,
the frequency of recombination between two locatidapends on their distance. Therefore,
for genes sufficiently distant on the same chrommesdhe amount of crossover is high

enough to destroy the correlation between alleles.

Tracking the movement of genes during crossovesspnaven quite useful to geneticists.
Because two genes that are close together arélelysto become separated than genes that
are farther apart, geneticists can deduce rougloly far apart two genes are on a

chromosome if they know the frequency of the cresem Geneticists can also use this
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method to infer the presence of certain genes. &éma typically stay together during
recombination are said to be linked. One gene linked pair can sometimes be used as a
marker to deduce the presence of another gene.ighypically used in order to detect the

presence of a disease-causing gene.

3.2 Sexual Reproduction

In asexual organisms, genes are inherited togethéinked as they cannot mix with genes
of other organisms during reproduction. In contrdst offspring osexualorganisms contain
random mixtures of their parents’ chromosomes #rat produced througindependent

assortment In a related process calleldomologous recombinatipnsexual organisms

exchange DNA between two matching chromosorResombination and reassortment do
not alter allele frequencies, but instead changiethwalleles are associated with each other,
producing offspring with new combinations of alel&ex usually increases genetic variation

and may increase the rate of evolution.

Sexual reproductionis the creation of a new organism by combininggaeetic material of
two organisms. There are two main processes dgergal reproduction; they are: meiosis,
involving the halving of the number of chromosomasgl fertilization, involving the fusion
of two gametes and the restoration of the origmahber of chromosomes. During meiosis,

the chromosomes of each pair usually cross ovacheeve homologous recombination.

The evolution of sexual reproduction is a major b1z The first fossilized evidence of
sexually reproducing organisms is from eukaryoteshe Stenian period, about 1 to 1.2
billion years ago. Sexual reproduction is the prynaethod of reproduction for the vast

majority of macroscopic organisms, including almadt animals and plants. Bacterial
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conjugation, the transfer of DNA between two baateis often mistakenly confused with

sexual reproduction, because the mechanics ariasimi

Evolutionary thought proposes several explanationavhy sexual reproduction developed
out of former asexual reproduction. It may be dusdlection pressure on the clade itself—
the ability for a population to radiate more rapith response to a changing environment
through sexual recombination than parthenogendlsissa Also, sexual reproduction allows

for the "ratcheting” of evolutionary speed as ofsle competes with another for a limited

resource

3.3 Plants

Animals typically produce male gametes called speanid emale gametes called eggs and
ova, following immediately after meiosis, with tigametes produced directly by meiosis.
Plants on the other hand have mitosis occurringpiores, which are produced by meiosis.
The spores germinate into the gametophyte phase gaimetophytes of different groups of
plants vary in size; angiosperms have as few agtbells in pollen, and mosses and other so
called primitive plants may have several millionllse Plants have an alternation of
generations where the sporophyte phase is succeeygletthe gametophyte phase. The

sporophyte phase produces spores within the spiarartgy meiosis.

Flowering plants are the dominant plant form on land and they rdpce by sexual and
asexual means. Often their most distinguishing ufeatis their reproductive organs,
commonly called flowers. The anther produces malagjophytes, the sperm is produced in
pollen grains, which attach to the stigma on top aofcarpel, in which the female
gametophytes (inside ovules) are located. Afterpbilen tube grows through the carpel's
style, the sex cell nuclei from the pollen grairgmate into the ovule to fertilize the egg cell

and endosperm nuclei within the female gametopimyéeprocess termed double fertilization.
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The resulting zygote develops into an embryo, withiketriploid endosperm (one sperm cell
plus two female cells) and female tissues of th@legive rise to the surrounding tissues in
the developing seed. The ovary, which producedétmale gametophyte(s), then grows into
a fruit, which surrounds the seed(s). Plants madlgeeiself-pollinate or cross-pollinate.

Nonflowering plants like ferns, moss and liverwarse other means of sexual reproduction.

Bryophytes, which include liverworts, hornworts and mosseproduce both sexually and
vegetatively. They are small plants found growingmoist locations and like ferns, have
motile sperm with flagella and need water to fé&ié sexual reproduction. These plants start
as a haploid spore that grows into the dominaten favhich is a multicellular haploid body
with leaf-like structures that photosynthesize. ldapgametes are produced in antherida and
archegonia by mitosis. The sperm released fronatileerida respond to chemicals released
by ripe archegonia and swim to them in a film oftevaand fertilize the egg cells thus
producing a zygote. The zygote divides by mitofidsion and grows into a sporophyte that
is diploid. The multicellular diploid sporophyteqaluces structures called spore capsules,
which are connected by seta to the archegoniaspbre capsules produce spores by meiosis,
when ripe the capsules burst open and the spageglaased. Bryophytes show considerable
variation in their breeding structures and the &bsva basic outline. Also in some species

each plant is one sex while other species prodattedexes on the same plant.

3.4 Insects

Insect species make up more than two-thirds okxthnt animal species, and most insect
species use sex for reproduction, though some esperie facultatively parthenogenetic.
Many species have sexual dimorphism, while in athttie sexes look nearly identical.
Typically they have two sexes with males produg@pgrmatozoa and females ova. The ova

develop into eggs that have a covering called therion, which forms before internal
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fertilization. Insects have very diverse mating agproductive strategies most often resulting
in the male depositing spermatophore within thediemwhich stores the sperm until she is
ready for egg fertilization. After fertilization,nd the formation of a zygote, and varying
degrees of development; the eggs are depositeieutse female in many species, or in

some, they develop further within the female amd born offspring are produced.

3.5 Mammals

There are three extant kinds of mammals: MonotrefAExentals and Marsupials, all with

internal fertilization. In placental mammals, offsyy are born as juveniles: complete animals
with the sex organs present although not reprodelgtifunctional. After several months or

years, the sex organs develop further to matunty the animal becomes sexually mature.
Most female mammals are only fertile during certpériods during their estrous cycle, at
which point they are ready to mate. Individual mahel female mammals meet and carry out
copulation. For most mammals, males and femalelsagige sexual partners throughout their

adult lives.

Male

The male reproductive system contains two mainsaius: the penis, and the testicles, the
latter of which is where sperm are produced. In &gy both of these organs are outside the
abdominal cavity, but they can be primarily housstthin the abdomen in other animals (for
instance, in dogs, the penis is internal exceptnwhating). Having the testicles outside the
abdomen best facilitates temperature regulationthef sperm, which require specific
temperatures to survive. Sperm are the smalleheftivo gametes and are generally very
short-lived, requiring males to produce them camdursly from the time of sexual maturity

until death. Prior to ejaculation the produced spare stored in the epididymis. The sperm
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cells are motile and they swim using tail-like #dlg to propel themselves towards the ovum.
The sperm follows temperature gradients (thermejaaand chemical gradients (chemotaxis)

to locate the ovum.

Female

The female reproductive system likewise contains teain divisions: the vagina and uterus,
which act as the receptacle for the sperm, andvaees, which produce the female's ova.
All of these parts are always internal. The vagmattached to the uterus through the cervix,
while the uterus is attached to the ovaries viaRhkopian tubes. At certain intervals, the

ovaries release an ovum, which passes througlaliopifin tube into the uterus.

If, in this transit, it meets with sperm, the egdests sperm with which to merge; this is
termed fertilization. The fertilization usually ags in the oviducts, but can happen in the
uterus itself. The zygote then implants itself ve wall of the uterus, where it begins the
processes of embryogenesis and morphogenesis. Wdvetoped enough to survive outside
the womb, the cervix dilates and contractions efukerus propel the fetus through the birth

canal, which is the vagina.

The ova, which are the female sex cells, are maoiet than the sperm and are normally
formed within the ovaries of the fetus before itgdhb They are mostly fixed in location
within the ovary until their transit to the uterasd contain nutrients for the later zygote and
embryo. Over a regular interval, in response tamwmral signals, a process of oogenesis
matures one ovum which is released and sent dogviralopian tube. If not fertilized, this
egq is released through menstruation in human®otoedt great apes, and reabsorbed in other

mammals in the estrus cycle.

4.0 Conclusion
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In this unit, students have learnt the following:

* Genetic recombination
e Chromosomal crossover

» Sexual reproduction

5.0 Summary

The process of recombination takes place when gelis are produced, when large segments of
DNA are exchanged between each pair of chromosontes.kind of genetic shuffling means that

any chromosome inherited is in fact a mosaic obelasomes she inherited or transferred. This
reshuffling increases the possible number of coatliins of genetic variants, which in turn ensures

greater variability of characteristics among indials.

6.0 Tutor-Marked Assignment

* What is genetic recombination?
* What processes determine gene reshuffling?

* What are the possible outcomes of gene reshuffling?
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UNIT 4: POLYPLOIDY

1.0 Introduction

2.0 Objective

3.0 Types of Polyploidy

3.1 Polyploidy in animals and plants

3.2 Polyploidy in plants

3.3 Origin of polyploidy

3.4 Polyploidy in animals

3.5 Polyploidy in man

4.0 Conclusion

5.0 Summary.

6.0 Tutor-Marked Assignment.

7.0 Reference/Further Readings

Unit 3 Polyploidy

1.0 Introduction

Polyploidy is a term used to describe cells andaoigms containing more than two paired

(homologous) sets of chromosomes. Most eukaryptciss are diploid, meaning they have
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two sets of chromosomes — one set inherited froch arent. However polyploidy is found
in some organisms and is especially common in gldntaddition, polyploidy also occurs in
some tissues of animals who are otherwise dipwidh as human muscle tissues. This is
known as endopolyploidy. (Monoploid organisms asour; a monoploid has only one set of

chromosomes. These include the vast majority dfgmmtes.)

Polyploidy refers to a numerical change in a wrsgleof chromosomes. Organisms in which
a particular chromosome, or chromosome segmeundsr- or overrepresented are said to be
aneuploid (from the Greek words meaning "not,” ‘@6oand "fold"). Therefore the
distinction between aneuploidy and polyploidy isttraneuploidy refers to a numerical
change in part of the chromosome set, whereas lpadyprefers to a numerical change in the

whole set of chromosomes

2.0 Objective

At the end of this unit, students should be ablexjlain the following:
* Polyploidy
* Importance of Polyploidy

* Polyploidy in animals and plants

3.0 Types of polyploidy
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This image shows haploid (single), diploid (double)triploid (triple), and tetraploid
(quadruple) sets of chromosomes. Triploid and tetraloid chromosomes are examples «

polyploidy.

Two main modes of origin of the polyploid conditiame recognized somatic doubling
mitosis, and nonreduction in meiosis (Heilborn, 49%rant, 1971). The mechanism

somatic doubling is exemplified by polyploid Priraukewensis, and nonreduction was
mode of origin seen in polyploid Rhaphobrassicaisid to be thought most that polyplc
formed by hybridization followed by chromosome dling. However, Harlan and deW
(1975) argued that unreduced gametes played arrtampoole. While agronomy research
took notice of this (e.g. Peloquin, 19XX), textbeo#id not change. Recently, a lot
theoretical modeling (Rodriguez, 1996; Ramsnd Schemske, 1998, 2002) and fieldw
(Husband 1999, 2000) has contributed to the vieat timreduced gametes and tripl
bridges are a major source of polyploid formatibhis is also a mechanism for how dipl
and polyploid genomes can interact (I, the new polyploid species are not strictly seai

from its diploid progenitors).
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During meiosis, homologous chromosomes pair angngadcrossing over resulting in the
exchange of parts of their chromosomes. In diployiirids derived from crosses of two
species, chromosomes from the two species may diffene of the chromosomes may be
absent. This can cause irregularities during meiasd may result in cell cycle arrest and
subsequent embryo abortion. However, if the chram@snumber is doubled in the hybrid,
allotetraploids are formed, which have four setsldbmosomes. This can occur by crossing
autotetraploids of the two species, or more likelynature, by the fussion of unreduced
gametes. Allotetraploids generally will have pagriand crossing over only within the two
chromosomes of each original parent (the homologduemosomes AA) and only rarely
between chromosomes from the two original parehis fjomeologous chromosomes AA’).
This meiotic behavior assures proper pairing ofdlmmosomes and the correct assortment

into gametes

Polyploid types are labeled according to the nunsbehromosome sets in the nucleus:

- triploid (three sets; 3x), for example seedlessewaélons, common in the phylum
Tardigrada

- tetraploid (four sets; 4x), for example Salmonifiak

- pentaploid (five sets; 5x), for example Kenai Bi(Betula papyriferavar.kenaicg

« hexaploid (six sets; 6x), for example wheat, kiwiifr

- octaploid (eight sets; 8x), for exam@eipenser(genus of sturgeon fish), dahlias

- decaploid (ten sets; 10x), for example certainndtearies

- dodecaploid (twelve sets; 12x), for example thenpl@elosia argenteaand the
amphibianXenopus ruwenzoriensis

+ To recognize polyploids, biologists have traditibpacounted chromosomes and

guess if taxa were diploid or polyploid with rulesthumb. For example, anything
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with over a certain number of chromosomes, espgcdflit were multiple of the
number, was assumed to be polyploid (refs/examp(@fgn, an increase in organ
size (e.g., stomates) was used as a substituteureety comparing genome size
(Masterson, 1994). Today, biologists use genomastdmolecular cytogenetics,
genetic maps) to observe a continuum of diploids$ @olyploids in various states of
genome evolution. Many species, such as Arabidpgsia mays, and yeast (TAGI,
2000; Blanc et al., 2003; Langkjaer et al., 200@) leelieved to have undergone a
doubling of their genome in the past but now behavaliploids (Wendel, 2000), .
These ancient polyploids (paleopolyploids) haveangdne a multitude of genomic
changes, such as deletions of large fragmentsrohabsomes, silencing of duplicate
genes, and recombining of homoeologous chromosegraents (Wolfe, 2001; Levy
and Feldman, 2002) some of which may lead the @gamo a more diploid-like
state. In some polyploids, chromosomal reorgaromalis so extensive that the
genome is no longer structured as an allopolypBatadoxically, the more extensive
this process of diploidization, the more difficutt is to discern. For example,
“diploid” Brassica can be considered ancient paligd when compared to
Arabidopsis, and Arabidopsis itself shows anciamlidations. Since plant genomes
show cycles of polyploidization and diploidizatiaih,can be difficult to determine

whether gene duplication arose by polyploidy or sather mechanism.
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According to Grant (1971, 1981), the phenomenaadypsoidy was discovered during the
exploratory phase of plant cytogenetics in theyegglars of the twentieth century. Winkler
(1916) introduced the term polyploidy, and Wing8XZ) proposed that polyploidy occurred
by somatic doubling in species hybrids. Early ptaygpstudies included those in in Nicotiana
(Clausen and Goodspeed 1925), Raphanus-Brassiagpe@fenko 1927) and Galeopsis
(Muntzing 1930, 1932). The distinctions betweenopatyploidy and allopolyploidy were

made by Kihara and Ono (1926) and later elaboradaly Clausen, Keck, and Hiesey (1945)
and Stebbins (1950,1971). Stebbins also proposedategory of segmental allopolyploids ,
which are essentially intermediate forms betwedn-aand allo- polyploids (Stebbins 1950).
Harlan and deWet (1975) suggested that most patiglarose through the production of
unreduced gametes as oppossed to somatic douBlarlgsey and Schemske (2002) review

the controversies surrounding the confusion oveethdr to classify polyploids by mode of
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origin criteria or by cytological criteria (Ramseynd Schemske, 2002). Using cytological
criteria, allopolyploids display mostly bivalentromosome pairing (aggregates containing
two chromosomes) while autopolyploids can have drgfrequencies of multivalent

chromosome configurations. Here we follow Ramseay &ohemske (2002) and adopt mode
of origin criteria: if the chromosomes of one gemomithin an organism or species are
simply duplicated, the resulting polyploid is antapolyploid. However, if genome

duplication occurs during a cross of two differgpecies, the resulting organism is referred

to as an allopolyploid.

Polyploids can acquire variation both through megras of population genetics (gene flow
with diploids and multiple origins of polyploidsgnd through mechanisms that generate “de

novo variation” such as chromosomal rearrangenempigenetic phenomena.

Polyploidy has long been considered an importaatrgste of instant or sympatric speciation,
since polyploid species are mostly reproductivedglated from their diploid progenitors
(Stebbins 1950, 1971; Levin 1983). An interestisgext related to allopolyploidization or
hybridization of different species is the questiointhe “species barrier” when using a
biological species concept. Members of the samledical species are commonly defined as
related individuals of a population that can intedal and whose offspring are fertile. Thus,
the horse and a donkey are considered separatespmmrause their hybrid offspring are
viable but infertile. In plants, hybridization offfgérent species is quite common and many of
the well-known crop plants are allopolyploids réisigl from inter-species hybrids. Such
allopolyploids pose a challenge to phylogeneticcese concepts, which define species on
strict monophyletic criteria. Over the last decdtis challenge has taken on additional
relevance as “polyploid species” have been fountbtm repeatedly in close proximity to

one another (Soltis and Soltis, 1993; 1999; 200b& polyphyly of “polyploid species” calls
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into question the very definition of “species.” élolyploids — like other organisms with
reticulate evolutionary histories (e.g., eukaryptéshens) — give biologists important
examples when theorizing about evolutionary emtitieAside from philosophical
considerations about species definitions, therenaary implications for the multiplicity of
origins for polyploids. Multiple origins of polypid species have been reported for mosses,

ferns, and many angiosperms (reviewed in Vogel.£1999; Soltis and Soltis, 2000).

Allopolyploidy presents a paradox because it ishbatdiversifying force and a genetic
bottleneck (Stebbins, 1971). However, the genatitidneck problem may be solved by the
fact that population-level genetic studies of ptiyb plants and animals indicate that
polyploidy is not a rare event leading to uniqud aniform genotypes. Rather, the multiple
independent formations of polyploid species frontelezygous diploid progenitors may
provide a significant source of genetic variatioeviewed in Soltis and Soltis, 1993; 1999;

2000).

Many new polyploids also are genetically unstabded the next section describes

mechanisms that can lead to novel variation.

3.1 Polyploidy in animals and plants

Polyploidy occurs in some animals, such as goldfsgimon, and salamanders. However,
polyploidy is especially common among ferns anavéidng plants, including both wild and
cultivated species. Wheat, for example, after milla of hybridization and modification by
humans, has strains that atgloid (two sets of chromosomedgtraploid (four sets of
chromosomes), with the common name of durum or macavheat; andhexaploid(six sets

of chromosomes), with the common name of bread twhea
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Many agriculturally important plants of the gerBrassicaare also tetraploids. This geni
known as cabbages or mustards, incluturnips, brussels sproutsabbag, cauliflower,
broccoli, mustard seed and other important crops. Triangle of Uis a theory, developed |
a Woo Janghoon, a Korean botanist who was workincJapan, thasays the genomes
three ancestral species of Brassica combined ttectbe three common tetraploid spe:
Brassica juncea(lndian mustard),Brassica napus(Rapeseed, rutabaga), aBrassica

carinata (Ethiopian mustard).

Speciation via polyploidy: diploid cell undergoes failed meiosiproducing diploic

gametes, which sefertilize to produce a traploid zygote.

Examples in animals are more common in the lowansosuch aflatworms, leeches, and
brine shrimp Polyploid animals are often sterile, so they mwfteproduce bparthenogenesis,
a form ofasexual reproducti«. Polyploid salamanders and lizaale also quite common a
parthenogenetic. While mammalidiver cells are polyploid, rare instances of polypl

mammalsare known, but most often result in prenatal di

The only known exception to this rule is an octadabirodent of Argentinés harsh desert
regions, known as the Red Visca-Rat (Tympanoctomys barreraejliscovered bwilton
Gallardo Narcisi This rodent is not rat, but kin to guinea pigs ardhinchillas. Its "new"
diploid [2n] number is 102 and so its cells are roughly twicemnab size. Its closest livin
relation isOctomys mimaxhe Andean Viscach&at of the same family, whose 2n=56. |

surmised that a@ctomyslike ancestor produced tetraploid (i.e., 4n=1123ming that were

237



by virtue of their doubled chromosomes, reprod@dyivsolated from their parents; but that
these likely survived the ordinarily catastrophitfeets of polyploidy in mammals by
shedding (via chromosomal translocation or somelairmechanism) the "extra" set of sex

chromosomes gained at this doubling.

Polyploidy can be induced in cell culture by sorhernicals: the best known is colchicine,
which can result in chromosome doubling, thoughug® may have other less obvious

consequences as well.

3.2 Polyploidy in Plants

Polyploidy is very common in plants, especiallyaimgiosperms. From 30% to 70% of today's
angiosperms are thought to be polyploid. Speciesoffee plant with 22, 44, 66, and 88
chromosomes are known. This suggests that the tamicesndition was a plant with a
haploid f)) number of 11 and a diploi@if) number of 22, from which evolved the different

polyploid descendants.

In fact, the chromosome content of most plant gsospggests that the basic angiosperm
genome consists of the genes on 7-11 chromosomemiefdic wheat, with its 42

chromosomes, is probably hexaplotah), wheren (the ancestral haploid number) was 7.

Some other examples:

Plant Probable ancestral Chromosome Ploidy level
haploid number number

Domestic oat 7 42 6N

Peanut 10 40 4n

Sugar cane 10 80 8n

Banana 11 22,33 2n, 3n
White potato 12 48 4n
Tobacco 12 48 4n

Cotton 13 52 4n

Apple 17 34,51 2n, 3n
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Polyploid plants not only have larger cells but pii@nts themselves are often larger. This has
led to the deliberate creation of polyploid vaestof such plants as watermelons, marigolds,

and snapdragons.

3.3 Origin of Polyploidy

Polyploidy has occurred often in the evolution trgs.

The process can begindiploid (2n) gametes are formed. These can arise in at least t

ways.

« The gametes may be formed by mitosis instead obsieei

« Plants, in contrast to animals, form germ celle(spand eggs) from somatic tissues.
If the chromosome content of a precursor somatiches accidentally doubled (e.g.,
as a result of passing through S phase of thecgele without following up with

mitosis and cytokinesis), then gametes contai@imghromosomes are formed

Polyploidy also occurs naturally in certain plassues

« As the endospern8() develops in corn (maize) kernels (Zea mays)etls undergo
successive rounds (as many as 5) of endoreplicatioducing nuclei that range as
high aso6n.

« When rhizobia infect the roots of their legume hdséy induce the infected cells to

undergo endoreplication producing cells that caszob®128n

Polyploidy can also be induced in the plant-bregdaboratory by treating dividing cells
with colchicine. This drug disrupts microtubulesiahus prevents the formation of a spindle.
Consequently, the duplicated chromosomes fail pausgte in mitosis. Onion cells exposed to

colchicine for several days may have over 1000rmlespmes inside.
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When a newly-arisen tetraploidin() plant tries to breed with its ancestral specias (
backcrosg, triploid offspring are formed. These are stebézause they cannot form gametes

with a balanced assortment of chromosomes.

However, the tetraploid plants can breed with ezbler. So in one generation, a new species

has been formed.

Polyploidy even allows the formation of new spealesved from different ancestors.

In 1928, the Russian plant geneticist Karpechenkmyred a new species by crossing a
cabbage with a radish. Although belonging to ddférgeneraRrassica and Raphanus
respectively), both parents have a diploid numi§et8 Fusion of their respective gametes

(n=9) produced mostly infertile hybrids.

However, a few fertile plants were formed, probably the spontaneous doubling of the
chromosome number in somatic cells that went diortm gametes (by meiosis). Thus these
contained 18 chromosomes — a complete set of babibage r{=9) and radish n(=9)

chromosomes.

Fusion of these gametes produced vigorous, fultjtiée polyploid plants with 36

chromosomes. (They had the roots of the cabbagéharidaves of the radish.)

These plants could breed with each other but ntht @ither the cabbage or radish ancestors,

so Karpechenko had produced a new species.

The process also occurs in nature. Three specid®imustard family (Brassicaceae) appear

to have arisen by hybridization and polyploidy frtimee other ancestral species:
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+ B. oleracea(cabbage, broccoli, etc.) hybridized wBh nigra (black mustard)}~ B.
carinata (Abyssinian mustard).
« B. oleraceax B. campestris(turnips)— B. napus(rutabaga)

« B. nigra x B. campestris— B. juncea(leaf mustard)

Modern wheat and perhaps some of the other platégilin the table above have probably

evolved in a similar way.

3.4 Polyploidy in animals

Examples in animals are more common in the 'lofeems such as flatworms, leeches, and
brine shrimp. Polyploid animals are often stesie they often reproduce by parthenogenesis.
Polyploid lizards are also quite common and panigenetic. Polyploid mole salamanders
(mostly triploids) are all female and reproducelgptogenesis, "stealing” spermatophores
from diploid males of related species to triggeg egvelopment but not incorporating the
males' DNA into the offspring. While mammalian liveells are polyploid, rare instances of

polyploid mammals are known, but most often resufirenatal death.

An octodontid rodent of Argentina's harsh desegtares, known as the Plains Viscacha-Rat
(Tympanoctomys barreradas been reported as an exception to this 'kékever, careful
analysis using chromosome paints shows that thrererdy two copies of each chromosome
in T. barreraenot the four expected if it were truly a tetraglolhe rodent is not a rat, but
kin to guinea pigs and chinchillas. Its "new" dipl¢2n] number is 102 and so its cells are
roughly twice normal size. Its closest living réat is Octomys mimagxthe Andean
Viscacha-Rat of the same family, whose 2n = 5@al$ therefore surmised that @stomys
like ancestor produced tetraploid (i.e., 4n = 1o#spring that were, by virtue of their

doubled chromosomes, reproductively isolated froeirtparents.
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Polyploidy is much rarer in animals. It is found some insects, fishes, amphibians, and
reptiles. Until recently, no polyploichammal was known. However, the 23 September 1999
issue ofNature reported that a polyploid (tetraploidn = 102) rat has been found in

Argentina.

Polyploid cells are larger than diploid ones; nafsising in view of the increased amount of
DNA in their nucleus. The liver cells of the Argerian rat are larger than those of its diploid
relatives, and its sperm are huge in comparisommidbmammalian sperm heads contain

some 3.3 picograms (16g) of DNA; the sperm of the rat contains 9.2 pg.

Although only one mammal is known to have all il polyploid, many mammals have

polyploid cells in certain of their organs, e.c tlver.

3.5 Polyploidy in Man

Polyploidy occurs in some animals, such as goldfisimon, and salamanders, but is
especially common among ferns and flowering plés¢eHibiscus rosa-sinensjsincluding
both wild and cultivated species. Wheat, for exanglfter millennia of hybridization and
modification by humans, has strains that diggoid (two sets of chromosomedgtraploid
(four sets of chromosomes) with the common namealwiim or macaroni wheat, and
hexaploid (six sets of chromosomes) with the common namebreld wheat. Many
agriculturally important plants of the genBsassicaare also tetraploids. Polyploidization is a
mechanism of sympatric speciation because polyplaré usually unable to interbreed with

their diploid ancestors.

Polyploidy can be induced in plants and cell celtuby some chemicals: the best known is
colchicine, which can result in chromosome doublittgpugh its use may have other less

obvious consequences as well. Oryzalin also wililde the existing chromosome content.
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True polyploidy rarely occurs in humans, althougbdcurs in some tissues (especially in the

liver). Aneuploidy is more common.

Polyploidy occurs in humans in the form of triplgjdwith 69 chromosomes (sometimes
called 69,XXX), and tetraploidy with 92 chromosomgsmetimes called 92,XXXX).
Triploidy, usually due to polyspermy, occurs in ab@-3% of all human pregnancies and
15% of miscarriages. The vast majority of triplaiohceptions end as miscarriage and those
that do survive to term typically die shortly afterth. In some cases survival past birth may

occur longer if there is mixoploidy with both a lijgl and a triploid cell population present.

Triploidy may be the result of either digyny (thetra haploid set is from the mother) or
diandry (the extra haploid set is from the fath&ijandry is mostly caused by reduplication
of the paternal haploid set from a single spermniay also be the consequence of dispermic
(two sperm) fertilization of the egg. Digyny is m@emmonly caused by either failure of one
meiotic division during oogenesis leading to a alighloocyte or failure to extrude one polar
body from the oocyte. Diandry appears to predorsireanong early miscarriages while
digyny predominates among triploidy that survive®ithe fetal period. However, among
early miscarriages, digyny is also more commorhosé cases <8.5 weeks gestational age or
those in which an embryo is present. There are @l distinct phenotypes in triploid
placentas and fetuses that are dependent on tjie ofithe extra haploid set. In digyny there
is typically an asymmetric poorly grown fetus, witlarked adrenal hypoplasia and a very
small placenta. In diandry, a partial hydatidifommole develops. These parent-of-origin

effects reflect the effects of genomic imprinting.

Complete tetraploidy is more rarely diagnosed ttrgioidy, but is observed in 1-2% of
early miscarriages. However, some tetraploid catls commonly found in chromosome

analysis at prenatal diagnosis and these are dgneoasidered 'harmless'. It is not clear
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whether these tetraploid cells simply tend to adgisengin vitro cell culture or whether they
are also present in placental cefisvivo. There are, at any rate, very few clinical repoits

fetuses/infants diagnosed with tetraploidy mosaicis

Mixoploidy is quite commonly observed in human prplantation embryos and includes
haploid/diploid as well as diploid/tetraploid mixeéll populations. It is unknown whether
these embryos fail to implant and are thereforelyadetected in ongoing pregnancies or if

there is simply a selective process favoring tipodtl cells.

4.0 Conclusion

At the end of this unit, the student learnt théofe@ing:
» Definition of polyploidy
* Polyploidy in animals and plants

* Polyploidy in man

5.0 Summary.

Polyploidy is the condition whereby a biological cell or anmgan has more than two
homologous sets of chromosomes, with each settesenoding for all the biological traits

of the organism. A haploid (n) only has one setldbmosomes. A diploid cell (2n) has two
sets of chromosomes. Polyploidy involves three aremtimes the haploid number of
chromosomedRolyploidtypes are termed according to the number of chsome sets in the

nucleus: triploid (three sets; 3n)tetraploid (four sets; 4n),pentaploid (five sets; 5n),

hexaploid(six sets; 6n), and so on.
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6.0 Tutor-Marked Assignment.
* What is polyploidy?

» Describe polyploidy in animals and plants
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MODULE 5: EVOLUTION OF LIFE
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1.0

INTRODUCTION

It is important to understand how life began. Thigio of the first cell is an event of low probatyj|

because a complete series of events would havéohactur- but this length of time is long enough

for an event of low probability to have occurredoddy we do not believe that life arises

spontaneously from nonlife and we say that ‘adidenes from a life’. However, the very first living

thing had to have come from non living chemicals.

2.0

3.0

3.1).

OBJECTIVES

At the end of this unit, student should be able to:

- explain the origin of life

- understand the probable stages in the origin ef lif
- explain what is organic evolution

MAIN CONTENT

3.1 Origin of life

The planet earth came into existence 4 and 5 bilfiears ago. Life evolved on planet earth
about 3.5 billion years ago. At that time it wadremely hot. The existence of life in any

form at that high temperature was not possible.
So, life two questions arise pertaining to
1. How did life originated on earth?

2. How did primitive organisms evolve into new forngsulting in the evolution of

a variety of organism on earth?

Origin of life means the appearance of simplegnprdial life from non living matter (Fig.
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Fig. 3.1: Origin of first cell (s)

3.2  Probable stages in the origin of life
3.2.1 First stage (the primitive earth)

Theorized early primitive atmosphere consisted adtwater vapour, nitrogen and carbon

dioxide with small amounts of hydrogen and carba@maxide with little if any, of free oxygen.
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3.2.2 Second stage (evolution of small organic mdés)

A particular mix of inorganic chemicals could haeacted with one another to produce small organic
molecules (or compound) such as glucose, amin @&cid nucleotides. Most chemical reactions take
place in water and the first proto cell undoubtegifgse in the ocean. In 1953, Stanley Miller and
Harold Urey performed an experiment known as thell¢MJUrey experiment) that supports the
hypothesis that small organic molecules were formiethe ocean’s surface (Fig. 3.2). In the early
earth, volcanoes erupted constantly and the firsbspheric gas would have consequently contained
methane (Cl), ammonia (NH) and hydrogen (k). These gases could have been washed into the
ocean by the first rains, fierce lightning and uatall ultraviolent radiation would have allowed them

to react and produce the first organic molecules.
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Fig 3.2: Miller and Ureys apparatus and experiment.
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To test the hypothesis of chemical evolution, Milgaced the organic chemicals mentioned in a
closed system, heated the mixture and circulatpdst an electric spark (simulating lightning). &ft

a week, the solution contained a variety amino sa@dd organic acids. This and other similar
experiments support the hypothesis that inorgaméericals in the absence of oxygen (02) and in the

presence of a strong energy source can resulganar molecules.
The formation of small organic molecules is thoughlbe the first step toward the origin
3.2.3 Third stage (macromolecules)

Once formed, the first small organic molecules gase to still larger molecules. Then these would
have polymerized into macromolecules. There areetiprimary hypotheses concerning this stage in

the origin of life.

RNA first- hypothesis: this hypothesis suggests tmly the macromolecule RNA (ribonucleic acid)
was needed at this time to progress toward formatfahe first cell or cell(s). Such RNA molecules

are called ribozymes since we know that ribozymeést.e

Protein-first hypothesis: this hypothesis sugg#sis amino acids collected in shallow puddles along
the rocky shore and the heat of the sun caused tindonm protenoids, small polypeptides that have
some catalytic properties. When protenoids aremetlito water, they form the properties of a cell.

Some of these proteins could have had enzymatjuepties.

The third hypothesis is put forth by Graham Calbmsith. He believes that clay was especially
helpful in causing the polymerization of both pinteand nucleic acids at the same time. Clay attrac
small organic molecules and contains iron and ziféch may have served as inorganic catalysts for
polypeptide formation. In addition, clay tends tollect energy from radioactive decay and then
discharge it when the temperature or humidity clkangossibly providing a source of energy for
polymerization. Cairns-Smith suggests that RNA aatitles and amino acids became associated in

such a way that polypeptides were ordered by, afjel synthesize, RNA.

Chemical reactions likely produced the macromoleswe associate with living things.
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3.2.4 Fourth stage (the protocell)

After macromolecules formed, something akin to alemo plasma membrane was needed to separate
them from the environment. Thus before the firsketcell arose, there would likely have been a
protocell (fig. 3.3), which could carry on metalsati but not reproduce, formed when lipids and
microspheres formed a lipid — protein membranba#t been suggested that the protocell likely was a

heterotrophy, an organism that takes in preformed f

The Heterotroph Hypothesis has been suggestedthiaprotocell likely was a heterotroph, an
organism that takes in performed food. During tlalyeevolution of life, the ocean contained
abundant nutrition in the form of small organic smlles. This suggests that heterotrophs preceded

autotrophs, organisms that make their own food.

Once the protocell was capable of reproductiobedame a true cell, and biological evolution began

3.2.5 Fifth stage (The true cell)

A true cell is a membrane-bounded structure that cary on protein synthesis to produce the
enzymes that allow DNA to replicate. The centraiaapt of genetics states that DNA directs protein
synthesis and that information flows from DNA to RNXb protein. It is possible that this sequence
developed in stages. Once the protocells acquisrteg) that could replicate, they became cells

capable of reproducing, and biological evolutiogdre

The hypothesis that the origin of life followed egartsition from small organic molecules to

macromolecules to protocells to true cells is autyewidely favoured by scientists.
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Fig.3.3: Protocell components

4.0 CONCLUSION

In this unit you have leant about the meaning afiorof life and the five probable stages invohind
the origin of life. This knowledge will facilitatédne understanding of the subsequent study unttssn

module.

5.0 SUMMARY

Chemical reactions are believed to have led toftmation of the first true cell(s). Inorganic
chemicals, probably derived from the primitive agploere, reacted to form small organic molecules.
These reactions occurred in the ocean, either erstinface or in the region of hydrothermal vents
deep within.

After small organic molecules such as glucose, amids, and nucleotides arose, they polymerised
to form the macromolecules. Amino acids joined donf proteins, and nucleotides joined to form
nucleic acids. Perhaps RNA was the first nucleid.athe RNA-first hypothesis is supported by the
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discovery of ribozymes, RNA enzymes. The proteistfhypothesis is supported by the observation

that amino acids polymerize abiotically when expiosedry heat.

Once a plasma membrane developed, the protocelle camio being. Eventually, the

DNA - RNA - protein system evolved, and a true cell came ietod

6.0 TUTOR — MARKED ASSIGMENT

1 Explain the origin of life
2. List 5 probable stages involved in the oridiitife
3. The RNA- first hypothesis for the origin of el supported by the discovery of

7.0 REFERENCES/FURTHER READINGS
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3.2 Adaptation
3.3 Speciation
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment

7.0 References/Further Readings

1.0 INTRODUCTION

Evolution is defined as “common descent”. Becausdegscent with modification, all living
things share the same fundamental characteristieg:are made of cells, take chemicals and energy
from the environment, respond to external stimaiigd reproduce. Living things are diverse because
individual organisms exist in the many environmetiioughout the Earth, and the features that
enable them to survive in those environments atite giiverse. Many fields of biology provide
evidence that evolution through descent with modtfon occurred in the past and is still occurring.

Let us look at the various types of evidence faration.

Evolution influences every aspect of the form aethdvior of organisms. Most prominent are the
specific behavioural and physical adaptation thea the outcome of natural selection. These
adaptations increase fitness by aiding activitigshsas finding food, avoiding predators or attragti

mates.

2.0 OBJECTIVES
After the completing this lesson, you will be atde
- give the fossils, anatomy, biochemical and biggaphical evidence

- explain adaptation
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- explain speciation and four mechanisms involved

3.0 MAIN CONTENT

3.1 EVIDENCES OF EVOLUTION

The evidences supporting organic evolution arevddrifrom a number of fields of biology. Those

discuss here are:

1. Fossil evidence 2. Anatomy evidence 3. Biochahewidence 4. Biogeographical evidence

3.1.1 Fossil Evidence

Fossils are the remains and traces of past lifengrother direct evidence of past life. Most fassil
consist only of hard parts of organisms, such adlsshbones, or teeth, because these are usually
preserved after death. The soft parts of a deadnmm are often consumed by scavengers or
decomposed by bacteria. Occasionally, howeverrgengsm is buried quickly and in such a way that
decomposition is never completed or is completedlswly that the soft parts leave an imprint of

their structure. Traces include trails, footpritigrrows, worm casts, or even preserved droppings.

The great majority of fossils are found embeddedadimentary rock. Sedimentation, a process that
has been going on since Earth formed, can take mladand or in bodies of water. The weathering
and erosion of rocks produces particles that vargize and are called sediment. As such patrticles
accumulate, sediment becomes a stratum (pl., steatecognizable layer of rock. Any given stratum
is older than the one above it and younger tharotieeimmediately below it, so that the relative age

of fossils can be determined based on their depth.

Palaeontologists are biologists who study the ®ssicord and from it draw conclusions about the
history of life. Particularly interesting are thessils that serve as transitional links betweemggso

For example, the famous fossils #fchaeopteryxare intermediate between reptiles and birds
(Fig.3.4). The dinosaur-like skeleton of this fbésis reptilian features, including jaws with teatid

a long, jointed tail, bufrchaeopteryxalso had feathers and wings, all suggesting gyiles evolved
from birds. Other transitional links among foss#értebrates suggest that fishes evolved before
amphibians, which evolved before both birds and mata in the history of life. As a result of
studying strata, scientists have divided Earth&dny into eras, and then periods and epochs. The

fossil record has helped determine the dates givéme table. There are two ways to date fossite T
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relative dating method determines the relative oalefossils and strata depending on the layer of

rock in which they were found, but it does not detiee the actual date they were formed.

Fig. 3.4 (a&b): Transitional fossils

The absolute dating method relies on radioactivimgidechniques to assign an actual date to alfossi
All radioactive isotopes have a particular halélifthe length of time it takes for half of the
radioactive isotope to change into another stal@ment. Carbon 14*{C) is the only radioactive
isotope in organic matter. Using both relative abdolutedating methods, we can learn from fossils

about the various organisms and environments ttisteel across the planet during any time period.
Fossils
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Table 3.1: The Geological Time Scale: Major Divismf Geological Time and Same of the  Major

Evolutionary Events of Each Time Period
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allowed scientists to construct the geological Hosde that traces the history of life.
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3.1.2 Biogeographical evidence

Another type of evidence that supports evolutiamuigh descent with modification is found in the

field of biogeography, the study of the distributiof species throughout the world.

Different mammals and flowering plants evolved sefsy in each biogeographical region, and

barriers such as mountain ranges and oceans peeMér@m from migrating to other regions.

Many of these barriers arose through a processdcalbntinental drift. That is, the continents have

never been fixed; rather, their positions and &tpns of the oceans have changed over time.

The distribution of many organisms on earth is akpable by knowing when they evolved, either

before or after the continents moved apart

3.1.3 Anatomical evidence

The fact that anatomical similarities exist amongamisms provides further support for evolution via
descent with modification. Vertebrate forelimbs ased for flight (birds and bat), orientation darin
swimming (whales and seals). Running (horses),bihion (arboreal lizard), or swinging from tree
branches (monkey). Yet all vertebrate forelimbstamnthe same set of bones organized in the same
ways, despite the dissimilar functions. The moausible explanation for this unity is that the basi
forelimb plan belongs to a common ancestor, and tihe plan was modified in the succeeding groups
as each continued along its own evolutionary paghv@&ructures that are anatomically similar
because they are inherited from a common ancestitedchomologous structure structures. In
contrast, analogous structures serve the sameidantiut are not constructed similarly nor do they
share a common ancestry. The wings of birds anelcinand the eyes of octopi and humans are
analogous structure and are similar due to a comamoastry. The presence of homology, analogy, is

evidence that organisms are related

Vestigial structures are anatomical features treafudly developed in one group of organisms bat th
are reduced and may have no functions in similaugs. Most birds, for example , have well-
developed wings for flight. However some specieg.(®@strich) have greatly reduced wings and do
not fly. Similarly, snakes have no use for hinddanand yet some have remnant of hind limbs in a
pelvic girdle and legs. The presence of vestigialctures occur because organisms inherit their

anatomy from their ancestors: they are traces affganism’s evolutionary history.
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Fig. 3.5: Significance of homologous structures

The homology shared by vertebrates extends to émefiryology development. At some time during
development, all vertebrates have a post anahtailexhibit paired pharyngeal pouches. In fisheks an
amphibian larvae these pouches develop into fumciipgills. In humans, the first pair of pouches
becomes the cavity of the middle ear and the anyditdbe. The second pair becomes the tonsils,
while the third and fourth pairs become the thyrans parathyroid gland. Why should terrestrial
vertebrates develop and then modify structures pikaryngeal pouches that have lost their original

function? The most likely explanation is that fisle@e ancestral to other vertebrate groups.
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Fig. 3.6: Significance of developmental simiias

Organisms that share homologous structures arelglosated and have a common ancestry. Studies
of comparative and embryological development relieaiologous structures.

3.1.4 Biochemical evidence

Almost all living organism use the same basic bémoltal molecules, including DNA, ATP
(adenosine triphosphate), and many identical orlyétentical enzymes. Further, organisms use the
same DNA triplet code for the 20 amino acid in th@bteins. Since the sequences of DNA bases in
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genomes of many organisms are now known, it hasrbeclear that humans share a large number of

genes with much
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Fig. 3.7: Significance of biochemical differences

simpler organisms. It appears that life’s vast diitg has come about by only a slight difference in
many of same genes. The result has been widelygdine types of bodies. When the degree of
similarity in DNA nucleotide sequences or the degm# similarity in amino acid sequences of
proteins is examined, the more similar the DNA seqes are, generally the more closely related the
organisms are. For example, humans and chimpanaeesibout 99% similar! Cytochrome c is a
molecule that is used in used in electron transgitain of all the organisms appearing in figure 3.7

data regarding differences in the amino acid seggi@h cytochrome ¢ show that the sequence in a
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human differs from that in a yeast by 51 amino scithese data are consistent with other data

regarding the anatomical similarities of these pigias and, therefore, how closely they are related.

Evolution in no longer considered a hypothesids lone of the great unifying theories of
biology. In science the word theory is reservedtifimse conceptual schemes that are supported by a
large number of observation and scientific expenitsieThe theory of evolution has the same status in

biology that the germ theory of disease has in piegli

Many line of evidence support the theory of evalntby descent with modification. Recently
biochemical evidence has also been found to sugpoittion. A hypothesis is strengthened when it

is supported by many different lines of evidence.

3.2 Adaptation

Adaptation is the process that makes organismerbstiited to their habitat. Also, the term
adaptation may refer to a trait that is importamt &n organism's survival. For example, the
adaptation of horses' teeth to the grinding of grd&y using the ternadaptation for the
evolutionary process anadaptive traitfor the product (the bodily part or function), th&o
senses of the word may be distinguished. Adaptatame produced by natural selection. The

following definitions are due to Theodosius Dobzign

Adaptationis the evolutionary process whereby an organisooiines better able to
live in its habitat or habitats.
Adaptednesss the state of being adapted: the degree to wdnicbrganism is able to
live and reproduce in a given set of habitats.
An adaptive trait is an aspect of the developmeptdtern of the organism which
enables or enhances the probability of that organssirviving and reproducing.
Adaptation may cause either the gain of a new feator the loss of an ancestral feature. An
example that shows both types of change is bakttedaptation to antibiotic selection, with
genetic changes causing antibiotic resistance hifi bwdifying the target of the drug, and
increasing the activity of transporters that puimg drug out of the cell. Other striking examples
are the bacteri&scherichia colievolving the ability to use citric acid as a neiti in a long-term
laboratory experiment,Flavobacteriumevolving a novel enzyme that allows these bact@ria
grow on the by-products of nylon manufacturing, émel soil bacteriungphingobiumevolving
an entirely new metabolic pathway that degradessyimthetic pesticide pentachlorophenol. An

interesting but still controversial idea is thatrso adaptations might increase the ability of
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organisms to generate genetic diversity and adgphdbural selection (increasing organis

evolvability).

Fig. 3.8: Abaleen whal skeletona andb label flipperbones, which we adapted
from front legbones: whilec indicates vestigial leg bones,  suggesting an adaptation

from land to sea.

Adaptation occurs through the gradual modificatioh existing structures. Consequen
structures with similar internal organization magvé different functions in related organisi
This is the result of a singancestral structurbeing adapted to function in different ways. -
bones within batvings, for example, are very similar to thosimicefeet ancprimate hands, due
to the descent of all these structures from a commammalian ancestor. However, since
living organisms are related tome extent, even organs that appear to havedittie structura
similarity, such asrthropos, squid and vertebrate eyes, or the limbs and wifigsthropods an
vertebrates, can depend on a comrset of homologous genes that control their asse i)

function; this is calledleep homoloc.

During evolution, some structures may lose theiigioal function and becomeestigial
structures Such structures may have little or no functioraicurrent species, yet have a ¢
function in ancestral species, or other closelgtesl species. Examples inclupseudogenes, the
nonfunctional remains of eyes in blind ci-dwelling fish, wings in flightless birds, and t
presence of hip bones in whales and snakes. Exarofpvestigial structures in hume include
wisdom teeth, the coccyxhevermiform appendixand other behavioural vestiges suclgoose

bumps angrimitive reflexe.

However, many traits that appear to be simple adiapts ar in fact exaptation: structures

originally adapted for one function, but which cdgentally became somewhat useful for sc
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other function in the process. One example is tifiec@n lizard Holaspis guentheriwhich
developed an extremely flat head for hiding in @es, as can be seen by looking at its near
relatives. However, in this species, the head kasibe so flattened that it assists in gliding from
tree to tree—an exaptation. Within cells, molecufachines such as the bacterial flagella and
protein sorting machinery evolved by the recruittmef several pre-existing proteins that
previously had different functions. Another exampte the recruitment of enzymes from
glycolysis and xenobiotic metabolism to serve ascstiral proteins called crystallins within the

lenses of organisms' eyes.

A critical principle of ecology is that of compétit exclusion: no two species can occupy the
same niche in the same environment for a long tlde@sequently, natural selection will tend to
force species to adapt to different ecological @ichThis may mean that, for example, two
species of cichlid fish adapt to live in differémibitats, which will minimise the competition

between them for food.

An area of current investigation in evolutionarywe®pmental biology is the developmental
basis of adaptations and exaptations. This reseadthresses the origin and evolution of
embryonic development and how modifications of dgwament and developmental processes
produce novel features. These studies have shoamn etvolution can alter development to
produce new structures, such as embryonic bonetstas that develop into the jaw in other
animals instead forming part of the middle ear mnmmals. It is also possible for structures that
have been lost in evolution to reappear due to gémarin developmental genes, such as a
mutation in chickens causing embryos to grow tesathilar to those of crocodiles. It is now
becoming clear that most alterations in the forrorgianisms are due to changes in a small set of

conserved genes.

3.3 Speciation

Speciation is the origin or evolution of new spsci&peciation has occurred when one
species gives rise to two species, each of whickimmges on its own evolutionary pathway. Species is
a latin word meaning "kind" or "appearance" Spe@asefined as a group of subpopulations that are
capable of inter breeding and are isolated repiogrlg form other species. The subpopulations of
the same species can exchange genes, but diffspentes do not exchange genes. Species have

traditionally been described on the basis of thkirsical form or morphology

Speciation occurs in the following ways and is tedraccordingly.
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How can we recognize speciation?

Whenever reproductive isolation develops betweenfosmerly interbreeding groups of populations,

speciation has occurred.

Allopatric speciation takes place when a part efgbpulation becomes
geographically separated (geographical isolatimmfthe parental population.

For example a group of birds lives at the basée®ihtountain, some members

fly up and get geographically isolated. Variatiow anatural selection act differently
on the two because the environment in which thelitveas different. Gradually

genetic changes render them to be reproductivelstisd.

Sympatric speciation

Sometimes a genetic barrier (reproductive barpeyents reproduction between
a section of a population of a species with othemipers. Such a section

of population usually arises in plants becauseobfgdoidy. Polyploidy is a
mutation in which the normal diploid number of ammsomes become doubled
or trebled (2n becomes 3n, 4n, 5n etc) in a sedtidhe population of a

species due to certain irregularities during cifiisibn. The polyploid section

of the population is then unable to interbreed éaaid reproduce) with the

other and becomes a new species.

3.3.1 Two isolation mechanisms

Prezygotic isolation mechanisms are in place beferglization, and thus reproduction is never
attempted. Postzygotic isolation mechanisms amace after fertilization, so reproduction may take

place, but it does not produce fertile offspringlfle 3.2).
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Isolation Mechanism

Prezygotic
Habitat isolation

Temporal isolation

Behavioural isolation

Mechanical isolation
Postzygotic
Gamete isolation
Zygote mortality
Hybrid sterility

F,fitness

3.3.2 Models of speciation

Reproductive Isolating Mechanisms

Example

Species at same locale occugdgrdint habitats

Species reproduce at differeasens or different times of

day.

In animals, courtship behavidiffers, or they respond to

different songs, calls, pheromones, or other sgnal

Genitalia unsuitable for onether

Sperm cannot reach or fertilizg eg
Fertilization occurs, but zygoteed not survive
Hybrid survives but is sterile asdnnot reproduce

Hybrid is sterile, but Fhybrid has reduced fithess

There are two accepted models of speciation that even rise to the biodiversity

1. Phyletic Gradualism model

Two species from common ancestor gradually becoore snd more structurally

different acquiring adaptations unique to each.(Eify1b(i)). Darwin also

believed that evolution is a slow and gradual psece

2. Punctuated equilibrium
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A new species arises through major changes indbmbing and then remain
constant for long periods before changing agaiig. &9b (ii)) This model

was suggested by paleontologists (scientists witydossils), Niles Eldredge

p

and Stephen Jay Gould.

Fig. 3.9: Models of speciation (a) Phyletic gradkral(b) Punctuated equilibrum

3.3.3 The four mechanisms of speciation.

Speciation is the process where a species divangeswvo or more descendant species. Barriers
to reproduction between two diverging sexual poputis are required for the populations to
become new species. Gene flow may slow this prdogsgreading the new genetic variants also
to the other populations. Depending on how far $wecies have diverged since their most recent
common ancestor, it may still be possible for theenproduce offspring, as with horses and
donkeys mating to produce mules. Such hybrids amemlly infertile. In this case, closely
related species may regularly interbreed, but lagowill be selected against and the species will
remain distinct. However, viable hybrids are oaosaally formed and these new species can
either have properties intermediate between thanemt species, or possess a totally new
phenotype. The importance of hybridisation in pdg new species of animals is unclear,
although cases have been seen in many types ofalnimith the gray tree frog being a

particularly well-studied example.

Speciation has been observed multiple times undgr ¢ontrolled laboratory conditions and in
nature. In sexually reproducing organisms, spemiatiesults from reproductive isolation

followed by genealogical divergence. There are foachanisms for speciation.
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The most common in animals allopatric speciationwhich occurs in populations initial
isolated geographically, such as habitat fragmentatioror migration. Selection under tle
conditions can produce very rapid changes in thEeamnce and behaviour of organisms.
selection and drift act independently on populaiésolated from the rest of their spec

separation may eventually produce organisms thatatdanterbreec

Allgpatric Peripatric Parapatric Sympatric

Lirigpnal
popUlation
wiz @) & @ ©
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Fig. 3.10: The four mechanis

The second mechanism of speciation peripatric speciation which occurs when smz
populations of organisms become isolated in a newmirenmen. This differs from allopatri
speciation in that the isolated populations are enisally much smaller than the parental populat
Here, the founder effectauses rapid speciation after an increasinbreedingincreases selection «

homozygotes, leading to rapid genetic cha

The third mechanism of speciationparapatric speciatiofmhis is similar to peripatric speciati
in that a small population enters a new habitat, differs in that there is no physical separa
between these two populations. Instead, speciagsults fromthe evolution of mechanisms tt

reduce gene flow between the two populatit
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Generally this occurs when there has been a drelstinge in the environment within the parental
species' habitat. One example is the grasthoxanthum odoratunwhich can undergo parapatric
speciation in response to localised metal pollutfoom mines. Here, plants evolve that have
resistance to high levels of metals in the soile@®n against interbreeding with the metal-sévesit
parental population produced a gradual change anfldwering time of the metal-resistant plants,
which eventually produced complete reproductivdatson. Selection against hybrids between the
two populations may causeinforcementwhich is the evolution of traits that promote mgtwithin

a species, as well as character displacement, whiethen two species become more distinct in

appearance.

1, Geospiza magnirostis 2. Geospiza fortis
3, Geospiza parvula 4, Certhidea olivacea

Finches from Galapagos Archipelago

Fig. 3.11: Finches from Galapagos Archipelago
Geographical isolation of finches on the Galapdglasds produced over a dozen new species.

Finally, in sympatric speciation species divergahaut geographic isolation or changes in
habitat. This form is rare since even a small arhofigene flow may remove genetic differences
between parts of a population. Generally, sympajpeciation in animals requires the evolution

of both genetic differences and non-random matmgllow reproductive isolation to evolve.

4.0Conclusion
In this unit you have learnt about evidence of etioh, adaptation and speciation, this
knowledge will facilitate the understanding of twésequent study units in this module.
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5.0Summary

The fossil record and biogeography, as well asissudf comparative anatomy, development, and
biochemistry, all provide evidence of evolution.eTossil record gives clues about the history fef i

in general and allows us to trace the descent péréicular group. Biogeography shows that the
distribution of organisms on Earth can be influehbg a combination of evolutionary and geological
processes. Comparing the anatomy and the develamhenganisms reveals homologous structures
among those that share common ancestry. All orgenikave certain biochemical molecules in
common, and these chemical similarities indicate tlegree of relatednesAdaptation is the
evolutionary process whereby an organism becomésrbable to live in its habitat or habitats.
Speciation is the origin of new species. This Ugusdquires geographic isolation, followed by
reproductive isolation. The evolution of severat@ps of finches on the Galdpagos Islands is an
example of speciation caused by adaptive radidiiecause each one has a different way of life.
Currently, there are two hypotheses about the phcgpeciation.Traditionalists support phyletic
gradualism—slow, steady change leading to speaiafio contrast, a more recent model, called

punctuated equilibrium, proposes that long permfdstasis are interrupted by rapid speciation.

6.0TUTOR-MARKED ASSIGNMENT

1. List and explain 4 evidences of evolution
2. What is adaptation?
3. Explain two models of speciation

7.0 REFERENCES/FURTHER READINGS

Raff, R. A. 1996. The ahape of life: genes, devalept and the evolution of animal form. Chicago,
University of Chicago Press. A provocative discossof the genetic and developmental processes

underlying evolution of animal diversity.

www.mhhe.com/zoology

www.mcgraw.com
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UNIT 3 : CLASSIFICATION AND PHYLOGENY

CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main contents
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3.1 Classification
3.1.1 Taxonomy categories
3.1.2 Scientific naming of organisms
3.1.3 Prokaryotes and Eukaryotes
3.1.4 The five kingdoms of organisms
3.2 Phylogeny
3.21 Phylogenetics
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment

7.0 References/Further Readings

1.0 INTRODUCTION

Classification means identifying similarities ariffatences between different kinds of organism and
then placing similar organisms in one group andediht kinds of organisms in different groups.
Taxonomy may thus be defined as the science ofsifizetion of organisms into categories,
maintaining certain rules. Early taxonomists cfgdiorganisms according to morphological features
only. Once the concept of organic evolution wasepted, taxonomists began to draw evolutionary
relationships between different kinds of organisiitss was termed systematic. Today taxonomy and
systematic are treated as synonymous since fosititadion, both morphological and biochemical
resemblances and even those of between molecutesasuDNA and RNA are studied to establish
evolutionary relationships. Phylogeny is the eviohdry relationship among organisms. Ideally,
classifications reflect phylogeny in that it teh®w organisms are related through evolution and
common ancestry. Species in the same genus areatosedy related than species in separate genera

and so forth as we proceed from genus to domain.
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2.0 OBJECTIVES

At the end of this unit, students should be able to

- Define classification
- Justify the need for classification of organisms
- List the bases of classification

- Explain taxonomy and phylogeny
3.0 MAIN CONTENT
3.1 Classification

Classification involves assigning species to adnahy of categories: species, genus, family, order,
class, phylum and kingdom. While classifying anamigm, it is assigned to categories which show its
evolutionary relationship with other groups of argns. Each level or category is termed taxon
(plural-taxa). The lowermost category is specigheOcategories are arranged above species so that

there is a hierarchy of categories.

3.1.1 Taxonomic categories

The various taxonomic categories are given below:

Species: Group of individuals of one kind which daterbreed to produce fertile offspring.
Genus: Group of species resembling each othewirakfeatures indicating common ancestry.

Family: Group of genera (singular-genus) resembéagh other. e.dg-elis domesticqthe cat) and

Panthera tigris(the tiger), both belong tamily Felidae.

Order: Includes families showing similar characiges.

Class: Includes related orders.

Phylum: Includes related classes.

The various phyla belong to their respective kingdoThere are five kingdoms
Example.

Kingdom : Animalae (Animals)

Phylum : Chordata (Animals with notochord/ backbone

Class : Mammalia (Animals that suckle their young®)
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Order : Primates (Mammals with larger brains amebbilar vision)
Family : Hominidae (Humans and human like ance}ytors
Genus Homo(Fossilmen and modern man)

Species : HsapiendModern man)

3.1.2 Scientific naming of organisms

Different plants and animals have different commames. A cat is called ‘billi’ in Hindi, ‘biral’ in

Bengali, ‘punai’ in Tamil and manjar in Marathi. 8ife are different words for cat in French or
German. There arose the need to give organismssammieh could be understood throughout the
world. So, the scientific names were given to org@&s. Scientific names of organisms are

understood all over the world.

A simplified system of naming organisms called lbnm@l nomenclature has been the standard for
more than two centuries now. It was proposed bySivedish biologist, Carolus Linnaeus (1707-
1778). Binomial nomenclature simply means two-naystem of naming. The name of every kind of
organism has two parts, that of the genus followedhat of species. The generic name is written
with a capital letter and the specific name wittnaall letter. e.gHomo sapienss the scientific name

of modem maniMangifera indicais the biological name of mango.

Three main features of biological naming are agve:

1. A scientific name, by convention, is printedtalics or underlined when hand written.
2. Scientific naming is according to a set of stfienrules of nomenclature.

3. Scientific names are mostly @reekandLatin. They are understood all over the world and have

made communication about organisms easier.

3.1.3 Prokaryotes and Eukaryotes
The organisms that are most primitive or the tiostvolve on earth are the bacteria.

They do not possess a nuclear membrane aroundsthgie chromosome. Absence of a well defined
nucleus or in other words a primitive nucleus tetimsm prokaryotes (pro = primitive, karyon =

nucleus). All bacteria are prokaryotes.
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As a constrast, organisms other than bacteria psisgea well defined nucleus are eukaryotes (eu =

true; karyon = nucleus). There are other differermween them are given in the table 3.3

3.1.4 The Five Kingdoms of Organisms

Till recently there were only two kingdoms for ddiation - Plantae and

Animalae. Such a two kingdom classification hadesavdrawbacks, e.g. bacteria

and fungi were kept along with plants although taeyvery different.

R.H. Whittaker in 1969 suggested the five kingddassification which is based

on 3 criteria;

() The presence or absence of a well-defined mscle

(i) Unicellular or multicellular

(iiflMode of nutrition

Table 3.2 Differences between Prokaryotes and Eokes

Characteristics
1. Size
2. Genetic material
Site of Nuclear materia
Organelles
5. Cell wall

Prokaryotes
0.1-10um

Circular DNA, no linear DNA,

histones associated with DN/

nucleoid form, no nucled
membrane

DNA in cytoplasm

Non membrane boun
organelles

Always  present, contain

Eukaryotes
10-100um (greater volume)

Histones present on which DN
A\molecule wrapped, well defingd
rchromosomes, nuclear

membrane present

DNA inside distinct nucleus

dMitochondria, golgi  body

lysosome present in the cell

sNone {animals} or made o[f
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peptidoglycan cellulose, chitin {plant and
fungi}

o By mitochondria
6. Respiration
7. Reproduction Asexual and sexual elg

By mesosomes ) ) )
protoctista, fungi, plants animal

Mostly asexual e.g bacteria

112

cyanobacterial and blue green

algae

The five kingdom classification of organisms

Name of Nature of Whether Kind of Kingdom nucleuascells or nutrition multicells

1. MONERA Prokaryotic Unicellular Diverse type @&l(e green algae nutrition and bacteria)
2. PROTOCTISTA Eukaryotic Unicellular Diverse kinfi(Algae and nutrition Protozoa)

3. FUNGI Eukaryotic Multicellular Saprophytic (Maid, etc.) (Feed on dead, decaying matter)

4. PLANTAE Eukaryotic Multicellular Autotrophic (Al green plants) (Synthesize food by
photosynthesis)

5. ANIMALAE Eukaryotic Multicellular Heterotrophi¢Animals) (Depend on others for food

3.2 Phylogeny
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Life's history is depicted as a branching treelechlh phylogeny. All forms of life, including many

extinct forms that represent dead branches, wilheact to this tree somewhere.
3.2.1 Phylogenetics

Phylogenetics is the modern way in which organiamesclassified and arranged in evolutionary trees.
Phylogeneticists arrange species and higher dieeststin categories into clades. Clades may be
represented on a diagram called a cladogram. Aeaadtains a most recent common ancestor and all
its descendant species—the common ancestor isrpeelsend not identified. Figure 3.12 depicts a
cladogram for seven groups of vertebrates. Onlylah®rey, the so-called “outgroup,” lacks jaws,
but the other six groups of vertebrates are instnme clade because they all have jaws, a derived
characteristic relative to their ancestors. Onatier hand, the vertebrates beyond the shark kire al

the same clade because they have lungs, and ko fort

C‘.’wwmmm

§hark salsmancar ’erum

Fig. 3.12: Cladogram

4.0Conclusion
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In this unit you have leant about the classificatiof organisms, taxonomy, phylogeny and its
importance. This knowledge will facilitate the umtanding of the subsequent study units in this

module.

5.0 Summary

Classification involves assigning species to adnary of categories: kingdom, phylum,
class, order, family, genus, and species, and is tdxt, domain. The five-kingdom

system of classification recognizes these kingddvttera (the bacteria), Protista (algae,
protozoans), Fungi, Plantae, and Animalia. The mmaeent which is three-domain

system (Bacteria, Archaea, and Eukarya), basedaecoiar data, is currently preferred.
Both bacteria and archaea are prokaryotes. Mentdfetise kingdoms Protista, Fungi,

Plantae, and Animalia are eukaryotes.

Phylogeneticists classify and diagram the evolaigrrelationships among organisms.
They use as many characteristics as possible tospeties in clades, which are
represented on portions of a diagram called a giaho. A clade contains a most recent
common ancestor and all its descendant specieschwhkhare the same derived

characteristics relative to their ancestors.

6.0 Tutor — Marked Assignment
(1) Name the Scientists who proposed:
(a) Binomial nomenclature
(b) Five kingdom classification
(2) Name the categories above order level in a cosegtience.
(3) What is cladogram?

7.0 References/Further Readings
Buss L.W. 1987. The evolution of individuality. Reeton, New Jersey, Princeton
University Press. An original and provocative tkesin the relationship between

development and evolution, with examples drawn froamy different animal phyla.
Freeman, S., and J.C. Herron. 1998. Evolutionamalyars. Upper saddle River, New

Jersey, Prentice-Hall. An introductory textbook ewolutionary biology designed for

undergraduate biology majors.
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Gould, S.J. 1989. Wonderful life: the Burgess Slaalé the nature of history. New York,
W.W. Norton & Company. An insightful discussion what fossils tell us about the

nature of life’s evolutionary history.

Hartl, D. L., and A.G. Clark. 1997. Principles obpulation genetics. Sunderland,

Massachusetts, Sinateur Associates. A currentdektbn population genetics.

www.mhhe.com/zoology

www.mcgraw.com

http://www.ucmp.berkeley.edu/help/taxaform.html
http://www.ucmp.berkeley.edu/phyla/metazoamm.html
http://mwww.ucmp.berkeley.edu/plants/plantaemm.html
http://www.ucmp.berkeley.edu/chromista/chromistalht
http://www.ucmp.berkeley.edu/alllife/eukaryotasynht
http:/mwww.ucmp.berkeley.edu/fungi/fungi.html
http:/mww.ucmp.berkeley.edu/alllife/virus.html
http://www.ucmp.berkeley.edu/archaea/archaea.html
http://www.ucmp.berkeley.edu/bacteria/bacteria.html

http://www.mansfield.ohio-state.edu/~sabedon/bio&88atm
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UNIT 4: GEOLOGICAL TIME AND EPOCH

CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main contents

3.1Geological time scale
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment

7.0 References/Further Readings

1.0 Introduction

Long before the earth’s age was known, geologistgletl its history into a table of succeeding
events based on the ordered layers of sedimentaly Geologists found that they needed some
scheme by which to classify time (geological vafietn the 19th Century, fossils were becoming
increasing important for correlating rock units,t ihey were also useful for determining time.
Organisms evolved and died off. If you could defasrtheir relative ages, you could start to age

(relatively) the rocks that contained them.

2.0 Objectives
At the end of this unit, students should be ahle to

- Explain geological time scale

- Explain epoch

3.0 Main content
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3.1 Geological time scale

As a result of studying strata, scientists haveddy Earth’s history into eras, and then period$ an
epochs (Table 3.1)Yhe largest divisions are Eons. To 19th Centurylaggsts, the rocks could be
broken up into 2 divisions 1) those containingblisisigns of life (e.g., fossils) and those dewafid
life (e.g., pre-fossils).; the Phanerozoic (“visiblife; 544 Million years to the present) and the
Proterozic (before life; up to 544 Million year§ome Proterozoic rocks did in fact contain pringtiv
life (bacteria and later on soft-tissued organisiog) not beasties that produced skeletal remaims.
Proterozoic is now defined as a specific intenfdiroe (2.5 billion years to 544 million years). ©w
additional Eras have been added to the Geologioa Bcale; the Archean (4.0 to 2.5 billion years)
and the Hadean (4.5 to 4.0 billion years).

Table 3. 5: Division of earth’s history

Eon Era Time

Phanerozoic Cenozoic 65 MA to 0 MA
Mesozoic 245 MA to 65 MA
Paleozoic 550 MA to 245 MA

Proterozoic

Neoproterozoic

900 MA to 550 Ma

Mesoproterozoic

1.6 GA to 900 MA

Paleoproterozoic

25GAto 1.6 GA
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Archean

3.96 Gato 2.5 Ga

Hadean

4.6 Gato 3.96 Ga

Table 3.6: The Geological Time Scale

Era Period Epoch
Cenozoic Quaternary Holocene (0 to 10 Ka)
(0 to 65 Ma) (0 to 2 Ma)
Pleistocene (10 Ka to 2 Ma)
Tertiary Pliocene (2 Ma to 5 Ma)
(2 MA to 65 Ma) Miocene (5 Ma to 24 Ma
Oligocene (24 Ma — 37Ma)
Eocene (37 Ma to 58 Ma)
Paleocene (58 to 65 Ma)
Mesozoic Cretaceous

(65 to 245 Ma)

(65 to 144 Ma)

Lots of

Epochs in

Jurassic

(144 to 208 Ma)

All

Periods
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Triassic

(208 to 245 Ma)

Paleozoic

(245 to 544 Ma)

Permian

(245 to 286 Ma)

Pennsylvanian

(286 to 320 Ma)

Mississippian

(320 to 362 Ma)

Devonian

(362 to 418 Ma)

Silurian

(418 to 441 Ma)

Ordovician

(441 to 505 Ma)

Cambrian
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(505 to 550 Ma)

Neoproterozoi Ediacarin

(600 to 550 Ma)

Cryogenian

(850 to 600 Ma)

The use of fossils for dating rocks was of couirsitéd to those rocks which contained
fossils (i.e., mostly the Phanerozoic). Since thegee lots of different fossils that came
and went, it seemed logical to break the Phanecagwinto smaller divisions called
Eras. Three Paleozoic Eras are recognized:

Cenozoic (0 to 65 million years BP)

Mesozoic (65 to 245 million years BP)

Paleozoic (245 to 544 million years BP)
The Eras are further subdivided into smaller Perimad the Periods can be further
subdivided into Epochs. The best way of illustrgtihis is to show you how these
subdivisions work for the Phanerozoic and the tgiegion of the Proterozoic
(neoproterozoic). That occurs on the next page.rifimes used (e.g., Devonian) come
from specific localities (usually in Europe) whespecially well exposed rocks of that
particular division are well exposed. You will alsote that there are dates assigned to

each division. These are absolute dates basedragmmetric dating of materials within
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certain rocks. The dates are regularly modifiedefter radiometric analyses are developed. But the
divisions themselves are fixed. They represent metpanges in the fossil record. For example, the
boundary between the Mesozoic and Cenozoic Erap@@srepresents a major extinction event (the

dinosaurs all died off). The boundary between thledzoic and Mesozoic (245 Ma) represents an
even bigger extinction. Radiometric dating putsahsolute date on the geological divisions, but the

divisions are largely paleontological in nature.

4.0 Conclusion

In this unit you have leant about the geologicatetiscale. This knowledge will facilitate the

understanding of the subsequent study units imtloidule.
5.0 Summary

Geological time is unlike normal time, it is brokep into manageable bits. The largest divisions are
Eons. The use of fossils for dating rocks was afrse limited to those rocks which contained fossils
(i.e., mostly the Phanerozoic). Since there wet® db different fossils that came and went, it seém
logical to break the Phanerozoic* up into smallévisions called Eras. The Eras are further

subdivided into smaller Periods and the Periodsbeafurther subdivided into Epochs.

6.0 TUTOR — MARKED ASSIGMENT

1. Whatis Eon?
2. List all the division of Era
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In the history of life on Earth, one of the mostakitionary events was the colonization of land,
first by plants, then by animals. Fossil and bioalval evidence indicates plants are descended
from multicellular green algae. Algae dominated tweans of the precambrian time over 700
million years ago. The evolution of plants has hesluin increasing levels of complexity, from the
earliest algal mats, through bryophytes, lycopofdsns to the complex gymnosperms and
angiosperms of today. While the groups which apakaarlier continue to thrive, especially in the
environments in which they evolved, each new gmafderganization has eventually become more
"successful" than its predecessors by most meadgedseen 500 and 400 million years ago, some
algae made the transition to land, becoming plagtsleveloping a series of adaptations to help

them survive out of the water.

2.0 Objectives

At the end of this unit, student should be able to:

- Explain plant evolution , multicellular developmgmise of angiosperms and role of
oxygen
3.0 Main Content

3.1 Plant Evolution

Land plants evolved from chlorophyte algae, perhapsearly as 510 million years ago; some
molecular estimates place their origin even earlisrmuch as 630 million years ago. Their closest
living relatives are the charophytes, specificdllgarales; assuming that the Charales' habit has
changed little since the divergence of lineageis theans that the land plants evolved from a

branched, filamentous, alga.

Plants were not the first photosynthesisers on,lahdugh: consideration of weathering rates

suggests that organisms were already living oratiie 1,200 million years ago.

The first evidence of plants on land comes frontepof Mid-Ordovician age (early Llanvirn, ~470
million years ago). These spores, known as crypiesy were produced either singly (monads), in
pairs (diads) or groups of four (tetrads), andrth@crostructure resembles that of modern liverwort

spores, suggesting they share an equivalent gfamtganisation.
Four key evolutionary innovations serve to tra@dfolution of the plant kingdom
1. Alternation of generations

Plants developed a more dominant diploid phasbkeofife cycle

288



2. Vascular tissue

Transports water and nutrients throughout the gladi, Thus plants were able to grow larger and in

drier conditions
3. Seeds
Protected the embryo, thus allowing plants to daeinheir terrestrial environments

4. Flowers and fruits

3.2 Multicellular plant
All seed plants are derived from a single commareator. The plant kingdom contains multicellular
phototrophghat usually live on land. The earliest plant fissare from terrestrial deposits, although
some plants have since returned to the water. Ehtpcells have a cell waltontaining the

carbohydrate celluloseand often have plastid® their cytoplasm. The plant life cycle has an

alternation between haplo{dametophyteand diploid(sporophytg generations. There are more than

300,000 living species of plants known, as welhagxtensive fossil record.

Plants divide into two groups: plants lacking ligiminpregnated conducting cells (the
nonvascular plants) and those containing ligninsggpated conducting cells (the vascular
plants). Living groups of nonvascular plants indutie_bryophytesliverworts, hornworts,

and mosses.

There are five living phyla.
Four are gymnosperms, ovules not completely endlbgesporophyte at time of pollination.

Fifth is angiosperms, ovules completely enclosed kigssel of
sporophyte tissue, the carpel, at time of pollorati

All multicellular plants have a life cycle comprigi two generations or phases. One is termed the
gametophyte, has a single set of chromosomes @ddt), and produces gametes (sperm and eggs).
The other is termed the sporophyte, has pairedhatgsomes (denoted 2N), and produces spores. The
gametophyte and sporophyte may appear identicabmomorphy — or may be very different —

heteromorphy.
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The pattern in plant evolution has been a shiftnfltomomorphy to heteromorphy. All land plants
(i.e. embryophytes) are diplobiontic — that is,Hbthe haploid and diploid stages are multicellular.
Two trends are apparent: bryophytes (liverworts,ssge and hornworts) have developed the
gametophyte, with the sporophyte becoming almottetyn dependent on it; vascular plants have

developed the sporophyte, with the gametophytegqgamticularly reduced in the seed plants.
There are two competing theories to explain theeamnce of a diplobiontic lifecycle.

The interpolation theory (also known as the antither intercalary theory). This theory implies tha
the first sporophytes bore a very different morpigglthat the gametophyte they depended on. This
seems to fit well with what we know of the bryopdsitin which a vegetative thalloid gametophyte is
parasitised by simple sporophytes, which often a@sapno more than a sporangium on a stalk.
Increasing complexity of the ancestrally simple repbyte, including the eventual acquisition of
photosynthetic cells, would free it from its depende on a gametophyte, as we see in some
hornworts Anthocero} and eventually result in the sporophyte develgpbrgans and vascular
tissue, and becoming the dominant phase, as itrdabbeophytes (vascular plants). This theory may
be supported by observations that small®oksoniaindividuals must have been supported by a
gametophyte generation. The observed appearariaggef axial sizes, with room for photosynthetic
tissue and thus self-sustainability, provides asiibs route for the development of a self-suffitien

sporophyte phase.

The alternative hypothesis is termed the transftaomaheory (or homologous theory). This explains
the behaviour of some algae, which produce alterpaphases of identical sporophytes and
gametophytes. Subsequent adaption to the desigcédimd environment, which makes sexual
reproduction difficult, would result in the simptition of the sexually active gametophyte, and
elaboration of the sporophyte phase to better disphe waterproof spores. The tissue of sporophyte
and gametophytes preserved in the Rhynie cheift sgmalar complexity, which is taken to support
this hypothesis.
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Fig.3.13: The evolution of plants

3.2.1 Nonvascular Plants

Only two phyla of living plants lack a vascular ®ms

Liverworts (Phylum Hepaticophyta) (The simplesabfliving plants)
Hornworts (Phylum Anthocerophyta)

Mosses (Phylum Bryophyta) were the first plantevolve strands of specialized conduction cells.
The conducting cells do not have specialized wadlkenings. Thus, a primitive vascular system, at

the most
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Fig 3.14: Hair-cup moss, Polytrichum

Bryophytes

Bryophytes are small, nonvascular plants that &ksilved approximately 500 million years
ago. The earliest land plants were most likely phydes. Bryophytes lack vascular tissue
and have life cycles dominated by the gametophlyés@. The lack of conducting cells limits
the size of the plants, generally keeping them wuridénches high. Roots are absent in
bryophytes, instead there are root-like structlre®vn as_rhizoidsBryophytes include the

hornworts, liverworts, and mosses.

3.2.2 The Evolution of Vascular plant

The first vascular plant appeared approximately dllon years ago (mya), Early plants became
successful colonizers of land through the develoyinoé vascular tissue, efficient water-and food-
conducting system. Vascular plants are the morentamplants like pines, ferns, corn, and oaks.




Fig. 3.15: The vascular system of a leaf

Vascular plants first developed during the Silurieriod about 400 million years ago. The

earliest vascular plants had no roots, leavedsfror flowers, and reproduced by producing

spores.

Cooksonia is a typical early vascular plant. It was lesantil5 cm tall, with stems that
dichotomously branched. Dichotomous branching (ettee stem divides into two ewqual
branches) appears a primitive or ancestral tratascular plants. Some branches terminated

in sporangia that produced a single size of spore.

Many scientists now considerCboksonid an evolutionary grade rather than a true
monophyletic taxon. Their main argument is thatadlbstems ofCooksoniatype plants have
vascular tissue. The evolutionary situation of adgrwould have some members of the group
having the trait, others not. The shapes of spaaamg various specimens Gboksoniaalso

vary considerably.

Rhynig is another early vascular plant. Like®oksoniait lacked leaves and roots. One of the
species formerly assigned to this geriRismajor has since been reclassifiedfagaophyton
major. Some paleobotanists considermajora bryophyte, however, it does have a separate
free-living sporophyte that is more prominent thiwe sporophyte, but appears to lack
lignified conducting cells. The remaining speci&s, gwynne-vaughaniis an undoubted

vascular plant.

Devonian plant lines included the trimerophytes aaodterophyllophytes, which have been

interpreted as related to ferns and lycophytes.
The Psilophytes

The Division Psilophyta consists éfsilotum nuduma living plant that resembling what
paleobotanists believ€ooksoniato have been: a naked, photosynthetic stem bearing
sporangia. Also in the group iSmesipteris which resembles Psilotum except for its
possession of smallo vascularized leaves arising@pposite sides of the stem. However,
most paleobotanists doubt thBsilotumis a direct descendant @ooksonia Molecular
studies suggest an affiliation with ferns fsilotum. Psilotunalso has three fused sporangia,
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termed a synangium, located on the sides of thessi{gnstead of the tips of stems as in
Cooksonia.

The Lycophytes

The next group, the Division Lycophyta, have thsporangia organized into strobili
(singular: strobilus). A strobilus is a series pbsangia and modified leaves closely grouped
on a stem tip. The leaves in strobili are soft #iedhy as opposed to the hard, modified

leaves in cones.

Leaves that contained vascular tissue are anothgrradvance for this group.The leaves in
lycophytes, both living and fossil forms, are knoasymicrophylls. This term does not imply
any size constraint, but rather refers to the atesen a leaf gap in the vascular supply of the
stem at the point where the leaf vascular traceamdiep Ferns and other plants have
megaphylls, leaves that produce this leaf gap.

Today there are fewer genera of lycophytes thainguhe group's heyday, the Paleozoic
Era. Major living lycophytes includeycopodium(commonly called the club moss, although
it is NOT a moss)|soetes and Selaginella(the so-called resurrection plantlycopodium
produces isospores that germinate in the soil andusce a bisexual gametophyte. These
spores are all approximately the same s&slaginellaand Isoetesare heterosporous, and
thus produce two sizes of spores: small sporesné@rmicrospores) that germinate to
produce the male gametophyte; and larger sporegasperes) that germinate to produce the
female gametophyte. The production of two sizesspdres, and also making separate
unisexual gametophytes, is thought an importamt teteard the seed. Modern lycophytes are
small, herbaceous plants. Many of the prominergifosembers of this group produced large
amounts of wood and were significant trees in tagb@niferous-aged coal swamps.

Selaginella is a heterosporous member of the lygieish Some species of this genus are able
to withstand drying out by going dormant until thase rehydrated. For this reason these

forms of the genus are commonly called resurregtiants.
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Fossil LycophytesBaragwanathiand Drepanophycus

Baragwanathiais an undoubted lycophyte from the middle Silameposits of Australia. It
has microphyllous leaves spirally attached to teensand sporangia clustered in some areas

of the plant, although not in terminal strobiliiasnodern lycophytes.

Drepanophycuss a middle Devonian lycophyte from the Northerentisphere. Its features

are very similar to modern lycophytes.
LepidodendrorandSigillaria

The Lycophytes became significant elements of tbhedis flora during the Carboniferous
time (the Mississippian and Pennsylvanian are tewsesl for this time span in the United
States). These non-seed plants evolved into triees@in the fossil genetaepidodendron
and Sigillaria, with heights reaching up to 40 meters and 20-30ersetespectively.
Lepidodendrorstems are composed of less wood (secondary xytehusually is found in

gymnosperm and angiospetrees.

We know much about the anatomy of these coal-ageplyds because of an odd type of
preservation known as a coal ball. Coal balls canpeeled and the plants that are
anatomically preserved within them laboriously stddo learn the details of cell structure of
these coal age plants. Additionally, we have soxeemional petrifactions and compressions
that reveal different layers of the plants' stroetlEstimates place the bulk, up to 70%, of

coal material as being derived from lycophytes.

Lepidodendron was a heterosporous lycophyte tree common in swamps of the
Carboniferous time. As with many large plant fagstne rarely if ever finds the entire tree
preserved intact. Consequently there are a nunflfessil plant genera that are "organ taxa"
and represent only the leaves (such laspidophylloidey reproductive structures
(Lepidostrobuy stem [epidodendroly spores I(ycosporg, and roots S$tigmarig.
Lepidodendrorhad leaves borne spirally on branches that dichotsly forked, with roots
also arising spirally from the stigmarian axes, dwath small (microspores) and large
(megaspores) formed in strobili (a loose type df sone).Lepidodendrommay have attained
heigths of nearly 40 meters, with trunks nearly @ters in diameter. The trees branched
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extensively and produced a large number of lea¥é®n these leaves fell from the branches,

they left behind them the leaf scars charactergdtibe genus.

Sigillaria was another arborescent lycopod, and is also comimaoal-age deposits. In
contrast to the spirally borne leaves Ladpidodendron Sigillaria had leaved arranged in

vertical rows along the stem.
The Sphenophyta

The Division Sphenophyta contains once dominanttplgboth arborescent as well as
herbaceous) in Paleozoic forests, equisetophytest@tay relegated to minor roles as
herbaceous plants. Today only a single gekgsiisetumsurvives. The group is defined by

their jointed stems, with many leaves being produaea node, production of isospores in
cones borne at the tips of stems, and spores lgealaters (devices to aid in spore dispersal).
The gametophyte is small, bisexual, photosynthatid, free-living. Silica concentrated in the

stems give this group one of their common namesursogy rushes. These plants were
reportedly used by American pioneers to scour thte pnd pans. The fossil members of this
group are often encountered in coal deposits ob&@aferous age in North America and

Europe.

The Ferns

Ferns reproduce by spores from which the freedivbisexual gametophyte generation
develops. There are 12,000 species of ferns tquaged in the Division Pteridophyta. The
fossil history of ferns shows them to have beemmidant plant group during the Paleozoic
Era. Most ferns have pinnate leaves, exhibiting lsheaflets on a frond, Ferns have
megaphyllous leaves, which cause a leaf gap irvéiseular cylinder of the stem/rhizome.
The first ferns also appear by the end of the DewsorSome anatomical similarities suggest

that ferns and sphenophytes may have shared a commeestor within the trimerophytes.

3.2.3 Tracheophytes: The Vascular Plants

The vascular planthave specialized transporting cells xylem (fom$orting water and

mineral nutrients) and phloem (for transportingasgirom leaves to the rest of the plant).
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When we think of plants we invariably picture vdaciplants. Vascular plants tend to be
larger and more complex than bryophytes, and hdie eycle where the sporophyte is more
prominent than the gametophyte. Vascular plante alemonstrate increased levels of
organization by having organs and organ systems.nbivel features oif the vascular plants

are summarized in Table 3.7

Table 3.7: Major evolutionary advances of the vasdar plants

Advance Green Algae Bryophytes Tracheophytes

early vascular plan
nonvascularized bo( no vascular system are naked, rootle
Development ¢
(thallus) that may L vascularized stems

the  root-sterr leaflike structures a

variously shaped
leaf vascula
present, but lack ailater vascular plan

system : :
no levaes, shoots, or root vascular tissue develop vascularize

leaves, then roots

progressive  reductic

in size and complexi

of the gametoiphy
sporophyte generatit generation, leading

dependant Cj
Reduction in th wide range of life cycle P Its dollpled
: gametophyte dependance on t
size of thisome gametophy . S
eneration for foo(
gametophyte dominant, othelg . SpRIElgnyie el o
) ) gametophyte is fre
generation sporophyte dominant - : .
photosynthetic celled mals
gametophyte and
(usually) 8 celle
female gametophyte
Development ¢ seed plants retain t
seeds in somn no seeds no seeds female gametophyte «
vascular plants the sporophyte
Spores/Pollen spores fo Spores that germine Spores that germinate into
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resisting into the gametophy gametophyte generation or spc

environmental generation that have the gametophy
degradation generation develop with
themselves

3.2.4  Seedless Vascular Plants

Two phyla of modern-day vascular plants lack seeds
Ferns (Phylum Pterophyta)

Club mosses (Phylum Lycophyta)

Both have free-swimming sperm that require freeewédr fertilization By far, the largest group are

ferns

~ 12,000 living species

3.2.5 Evolution of Seed Plants
Seeds are embryo covers that protect the embrybant at its most vulnerable stage.
Seed plants produce two kinds of gametophytes

1. Male gametophytes called pollen grains arise fragraspores
2. Female gametophytes contains the egg develops dromegaspore produced within

an ovule

Pollination is the transfer of pollen by insectands Thus; there is no need for free water for

fertilization.

A seed has three parts

1. A sporophyte plant embryo

2. A source of food for the embryo called endosperm

3. A drought-resistant protective cover
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Fig. 3.16: (a) Corn and (b) Bean

Seeds have greatly improved the adaptations ofgtariving on land

1. Dispersal: Facilitate migration dispersal

2. Dormancy: Postpone development until conditemesfavourable

3. Germination: Permit embryonic development tayrgchronized with habitat

4. Nourishment : Offer an energy source of yoursgnid
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Fig. 3.17: Cycad

3.2.6 Gymnosperms

Gymnosperms are non flowering seed plants, thdydedour phyla
Conifers (Coniferophyta)

Cycads (Cycadophyta)

Gnetophytes (Gnetophyta)

Ginkgo (Ginkgophyta)

3.2.6 .1 Conifers

The most common (and familiar) of the gymnospemadude Pine, spruce, cedar, redwood and fir
trees, conifers are trees that produce their seedsnes Seeds (ovules) develop on scales within

cones and are exposed at the time of pollination.

300



Fig. 3. 18: Conifers

3.2.6.2 Cycads

Have short stems and palmlike leaves, The predorhlaad plant in the Jurassic Period

Fig. 3.19: Cycad

3.2.6.3 Gnetophytes

The most closely related to angiosperms, only thypes of plants; all unusual, Have flagellated
sperm
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Acts like a plant
standing cn its head!

Fig. 3.20: Gnetophytes

3.26.4 Ginkgo
Only one living species exists; The maidenhair,t@&iaekgo biloba

Resistant to air pollution, reproductive structui@md on different trees and have flagellated sper

Fig. 3.20: Ginkgo
3.2.7 Rise of the Angiosperms

Angiosperms comprise 90% of all living plants >03D0 species, virtually all our food is derived,

directly or indirectly from them
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In gymnosperm reproduction, pollen grains are edrpassively by the wind
Angiosperms have evolved more direct way of tramisfg pollen
Induce animals to carry it for them

Flowers are the reproductive organs of angiospernBower employs bright colors to attract insects
and nectar, to induce the insects to enter theeflptinere they are coated with pollen grains, which

they carry with them to other flowers
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Fig. 3.22: flower (a and b)
3.2.7.1 Flower

A flower consists of four concentric circles, or avts, connected to a base called the receptacle,
outermost whorl (Sepals), protects flower from ptgis damage, Second whorl (Petals) attracts

pollinators, Third whorl (Stamens) produces poligains in the anther, Innermost whorl (Carpel)
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produces eggs in the ovary, Rising from the oviry slender stalk, the style, with a sticky tipe t

stigma
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3.2.7.2 Fruits
A fruit is a mature ripened ovary containing fézeld seeds, fruits aid in the dispersal of seed®w
habitats

By animals | By water

Fig. 3.23: Different ways of dispersing fruit

Flowers protected the egg and improved the oddts &drtilization

Fruits surrounded the seeds and aided in theiediap

3.3 Plant Adaptations to Life on Land

Organisms in water do not face many of the challertbat terrestrial creatures do. Water suppoets th
organism; the moaist surface of the creature isperdsurface for gas exchange, etc. Approximately

288,700 species of plants are now in existencarasl of them are terrestrial

However, green algae, the likely ancestors of plaare aquatic and not well adapted to living onlla
Three major challenges had to be overcome

1. Mineral absorption

2. Water conservation

3. Reproduction on land
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3.3.1 Mineral Absorption

Plants require relatively large amounts of six gamic minerals; Nitrogen, potassium, calcium,

phosphorus, magnesium and sulphur. Plants absesbk thaterials through their roots

The first plants developed symbiotic associatioith fungi, and these mycorrhizae enabled plants to

extract minerals from rocky soil

3.3.2 Water Conservation

To avoid drying out, plants have a watertight owtevering, termed the cuticle Stomata (singular,

stoma) are pores in the cuticle that allow gaswamebr exchange

and closing of the
stoma

Fig 3.24: stoma and cuticle

Regulate opening and closing of the stoma

3.3.3 Reproduction on Land

Spores developed as a means to protect gameteslfyamg out on land in a plant life cycle, there is
alternation of generations Diploid with haploid
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Fig. 3.25 Generalized plant life cycle

The diploid generation is called the sporophyte thredhaploid generation is called the gametophyte.

As plants evolved, the sporophyte tissue dominated

Primitive plant |
Mostly
gametophyte
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Fig. 3.26: Two types of gametophytes
3.4 Role of Oxygen

As we all know that oxygen is very important notyato animal but also plant. Oxygen plays
many important roles but in this course we are gdim look at the role it play in the

respiration of plant.

Two most important prerequisites of life are contins supply of materials for growth of
body and energy for carrying out various life presas. All systems, from cell to ecosystem,
require energy to work. However, the energy inftoel has to be made available to the cells
in a usable form. This is the role of respiratiBespiration is the process by which energy in
organic molecules is released by oxidation. Thisrgy is made available to the living cells
in the form of ATP (Adenosine Tri Phosphate). Ther€yuired for respiration is obtained
from the atmosphere. ATP is the energy currendhetell.

Respiration: Respiration is the stepwise oxidatbreomplex organic molecules and release
of energy as ATP for various cellular metabolic\aties. Respiration involves exchange of
gases between the organism and the external enwnoin The plants obtain oxygen from

their environment and return carbon dioxide andewaapour into it.

The biochemical process, which occurs within cellel oxides food to obtain energy, is
known as cellular respiration. The processes bylwbells obtain energy from complex food
molecules depend upon whether or not oxygen iseptas their environment and utilised.
Respiration is termed aerobic when oxygen is etlidn aerobic respiration the respiration
are followed by an oxygen requiring process thktases much larger quantity of energy in
the form of ATP. This occurs in the mitochondria tbk eukaryotes and in the plasma

membrane of the prokaryotes.

The rate of respiration increases with rise in @ygoncentration. As LOconcentration
increases from Zero, the rate of respiration inr@eaHowever, beyond a limit the rate of

increase falls.

In plants, the atmospheric air moves in an outitmpke diffusion that takes place through

a) The general body surface of the (stains, rootgsfand seeds);
b) Lenticels (openings in the bark of the tree trunk)

c) Stomata present in the leaves and young stems.
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From the atmosphere gases enter the intercellpkses inside the plants. Asis utilized,
more of it diffuses into the plant. Since,de being continuously formed, its concentration
result in tissue spaces becomes higher than isufreunding air. As a result, it diffuses out
of the plant, especially when it is being useddiootosynthesis.

In plants, @ released during photosynthesis in day time is nmeadglable for respiration.
However, rate of photosynthesis is greater tham dfiaespiration. Thus, plants give out

excess pin the daytime.

Oxygen that is absorbed is used to oxidize thelentirviz; glucose, amino acids and fatty
acids completely producing gowater and energy. It occurs within the cells disdues.
Further oxidation of pyruvic acid requires. dt then enters mitochondria for aerobic

respiration.

4.0Conclusion

In this unit you learnt:

About evolution of the plants
About nonvascular and vascular plant

About multicellular development

P w0 DR

Role of oxygen

5.0 Summary

All seed plants are derived from a single commareator. The plant kingdom contains multicellular
phototrophghat usually live on land and all plant cells haveell wallcontaining the carbohydrate
cellulose and often have plastids their cytoplasm. The plant life cycle has aremlation between

haploid (gametophyte and _diploid (sporophyt® generations. There are more than 300,000 living

species of plants known, as well as an extensis&lfoecord.

Plants divide into two groups: plants lacking ligiminpregnated conducting cells (the
nonvascular plants) and those containing ligninfegpated conducting cells (the vascular
plants). Living groups of nonvascular plants indutie_bryophytesliverworts, hornworts,

and mosses. Water supports the organism; the reoréice of the creature is a superb

surface for gas exchange, etc.
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6.0 TUTOR-MARKED ASSIGNMENT
1. List four key evolutionary innovations serve tocgdhe evolution of the plant kingdom
2. List four phyla of non flowering seed plant
3. What are the important of xylem and phloem
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