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8.O.1 INTRODUCTION TO THE MODULE

Dear learner welcorne to the last module of this wonderful subject
i.e. Biology.We believe you have enjoyed the previous modules and
you have developed gireat interest in this subject.

In this module yorr will learn how organisms grow i.e. change in
size and ureight. You *,ili also learn genetics which, will tell you
much on hotr,, organisms inherit characters from their parents and
evolution.

It is r.nv great hope that you will enjoy this module the previous
ones.

A.O.2 OBJECTTVES OF. TIIE MODULE

At the end of this module you should be able to:
o Explain the concept of grornrth and rnitotic division.
o Describe hurnan postnatal growth and development
. Explain growth in plants
. Describe the concept of genetics and variation
. Explain the Mendelian laws of inheritance
o Describe the lrlon-Mendelian laws of inheritance
n Outline sex determination characters and their causes
. Explain genetic disorders and their causes
. trxplain the application of genetics
o Describe the concept of organic evolution and its evidence
. trxplain the theories of the origin of life
o Describe theories of organic evolution (Lamarckism and

Danvinism).
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8.1.O.1 INTRODUCTION

Dear learner, I hope you are doing very weltr in Biologr. In the
previous module you learnt about reproduction and how
organisms start. You learned that organisms (especially mammals)
start by the fission of the nuclei of-two sex cells; on6 from each
parent (male and female) producing a single cell called a zygote.
But do you know how this cell develops and attains a size and
weight you have today? If the answer is yes congratulations
because you are becoming a master in Biology, but, if not relax for
the answer is in this unit.

This unit will explain to you what growth is and where and how it
takes place.

I hope you are still enjoying learning this wonderful subject
"BIOLOGY".

8.1.O.2 OBJECTTVES

At the end of this unit you should be able to:
o Explain the concept of growth and factors affecting it.
. Explain the stages of mitosis and its significance.
e Describe the stages of human post-natal growth and

development and its psychological and behar4oural changes
associated \Mith each stage.

. Explain meaning of localized growth in plants.
o Draw a seed and describe the functions of each part.
. Explain apogeal and hypogeal germination.

3
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8.1. 1 GENERAL CONCEPT A.NTD FACTORS AFFECTING GROWTH

Growth
Life starts as a single cell. For example in human beings the sperm
fuses \Mith the ovum to form a zygote. The process whereby the
sperm fuses with the ovum to form the zygote is called Jerttlizatton.
The size of the zygote is normally smaller than anything you can see
by naked eye. However, along with time it develops to form an
embryo. The embryo starts to develop different organs such as
brain, cyes, ears and limbs.

When the embryo has developed all organs and systems of the body,
its size become big. We say it has increased in size and form.
Scientists have given such kind of the embryo another name. It is
now calied the Joetus. 'lhe foetus continues to increase in size and
compiexity until it is born as a baby.

Dear learner, I believe that you are now in a position to estimate the
size of the batry since it is out of the mother's body and can be seen
clearly without using any instrurnent. The young baby can neither
sit, crawl nor stand up. Furthermore he/she cannot serve
himself/herself in anyway. Did you also pass through these changes
at one stage of your life? with time the baby sits, crawls and stands
up without any suppcrt. The processes go on until it reaches the
stage vou are now. A lot of changes including increase in weight,
change in the shape and forrn of an organism happen. In biologr we
call these changes growth and derrelopment.

Definition
Growth is an irreversible increase in body size and involves changes
in weight, shape and form of an organism.

Causes of growth
Growth is caused by:
. Synthesis of new organic material, plant cellulose and

carbohydrates by photosynthesis.
. CelI division follows nucleus division of a single cell producing

rnillions of body cells.
n cell enlargement; occurs by formation of large vacuoles in plants.
. ceii differentiation; occurs in multi cellular organisms to form

tissues, organs and systems of the complete body.

4
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(ii)

Factors affecting growth
Dear learner, I believe you knor', thal" i,:abies b+m riu tire same day
do not necessarily possess the :ia.:rlr-: 3;rr:',.rch rate. Grorvth in them
differs to a large extent. For exar:ii:,i1-=, uo** wiii {ro-rv f,aster while
others slower than their age mates" Dr; ji,-,]Lt j,{,:niernlrer" at least two
children who were born on the samc ria3. ai.iri ciate? If .rcu cornpare
their sizes, weight and forms, a:re tiri:r:,. e--t;rr:tly sirniiar ;n eiery
respect? If not what makes them cliffer: i;r tlie ,,vay the grorn? The
above questions bring us to a very impt;rtant ;r,spect of growth
termed as factors which affect growth in livingg orglanisms.

Factors which affect growth are grouped into rv,r{.r as faliows.
o Internal factors
o External factors

(i) Internal factors
Internal factors include the functicns of hcrurones. In both
plants and animals, hormGn{ls affect growi}i in one way or
more. In plants the axing ir:fli;ences the *ell di,rision, cell
elongation, re$eneration cf tissue at cut surfar:es and
growth of ovaries into fruits. In animals horrnonal secretion
of some glands has inlluence on grora,th. In its absence
growth is impossible, i.e. no gro'u,,.th',vitirout hor.mones.

External factors
Nutrients availabilitv:
Adequate supply of focd is needeci to prcvide new raw
materials and eners/ se that itn organism can repair,
replace and build new cells anci iissues. Lack of essential
foods such as proteins leads tr: poor gror',,th.

Light energv:
Light is required by plants during phctasS,,trthesis rnhere by
food is manufactured.

Temperature:
Temperature is very impr:rtanr in cr.rr:trolling grou,tkr in
plants and cold blooded anirnals. In general low
temperature slows dcw-n frowt.h -rr",hereas, high
temperatures (but not rnore t"han bod-v temperaturei
accelerate growth.

o tion of ucts of
Growth may be inhibited by the to,xic substances formeci as
by products of metabolism. If an increase concentration of
waste products is allowed to continue, it r,vill soon retard
growth.

5
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8.1.2 I\{ITOSIS

In the introduction of the cr:ncept cif gro,,vth, we learnt that the size
of the zygate is normally srnailer than any'thing you can see by the
naked eyes. Hov,'e\rcr, xvc say that it rater chr.rges into emtryo,
foetus anci born as a haby. Its size increases until it reache" ih"
size you havr at tx:is time. Horrr does the rygote increase in size
over time untii it reaches tkre big size you have now?

'lhe ansrr,,er is that its body cells ciivide over time to increase the
size and "..vcigirt. iior exarnple, the zygote is normally a single cell.
The singe cell divides to for:n tr,,"o cells which divide to forir eight
celis uniil iniilicns oi cells are oL'rtained. 'lhe process whereby ihe
bod',. cells clirrjdc irito several rnarlv cclls is called mitosis.

Mitcsis is thc pl'ocess hy which the cell nucleus divides into two
identical eiaughtcr ceiis. Tko icentical daughter cells are formed
frorn one p;rrent ceil. Celis inrroived in this kind of division are all
somatic cells.

llhe time taken for mitosis of a nucleus varies w"ith the species of
organism and prevailiirg tcrnperature, e.g. drosophila fly takes 7
minutes, and rnan takes 100 rninutes.

Areas in which meitosis takes plaee
(a) IN PLANTS

Plants unlikc animals have special areas in which mitosis
takes place. These arcas includc the apex of shoots and the
cambiurn. lfrese areas contain meristematic tissues.
Meristernatic tissues are capilble of dividing constantly.

{h} rN Ar[rNrArs
Mitosis in animals takes place in the somatic cell i.e. alt bodycells except sex cells u,hich divide by meiosis. Mitosis is a
continuous process but firur main phases are recognized.:

(i) Interphase
Any cell under going dirrision passes through preparatory
stage belbre it divides. TLais stage is known as interphase.
During this stage, ckrrom.q-rscmes (coroured thread-like or
beardj in the nuclel,as ber:ome visible. chromosome is a Greek
r';crd which rnfar.s cirrse?#-c= colour and sorr[c[= body
(colcured- str,.-ictu;:r:: iri tl:r: }-rr:ri3r). chromosome consists of a
protein and a si-rh:sta-nce *allccl DNA which is a double helical
sh:and capal::le of zipping t"r:" can unzip-replicate. centriole

6
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separate and radiate to form protoplasrnic strands which
spindles. chromosome is held by the centromere. trach
chromosome is made up of two chromatids. Generally beforeit undergoes division, it absorbs r,vater and nutrients which
enlarge them.

(ii) Prophase
During this stage the following events occu.r:o The nuclear membrane disappears.
. chromosomcs become rrisibre after they have shortened

and thickened.
. chromosomes make their repricate called chromatids held

together at the centromere.
. The nucleoli disappears.
o centrioles in animal cells separate and start rnoving to

the poles. Spindle fibres radiate as they move.

..........--.". . ASI{ir

... FAi! 0t'

(:efilrit)l.l

** t,;14{lr

Figure B"I".L: prophase stage

(iii) Metaphase
chromosornes arr-ar1ge themselves on the equatorial position
or midline. centrioles arrive at the polcs and spindies fullyformed. chrornaticls aLtachecr on spindles b3r theii
centromeres are rnoved to the poies bi the activities of
spindlcs.

_. i.tr

Figwre 8.7.2: MetapF.;ase sta.ge
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(iv) Anaphase
The chromatids are separated, after the spritting of the
centromes. The chrornatids move towards the opposite poles
along the spindle fibre as chromosome.

.,.I rit.irrlrt, iis

;il:1r1.

Figwre 8.I.3r Anaphase stage

(v) Telophase
This is the last stage of mitosis. The chromosomes lengthen
and become indistinct. The spindle breaks apart. The mriscles
reappear. Nuclear membranes form around each mass of
chromosomes. At this point in animal cens, the cytoplasm
between the two nuclei constricts, and two cells are forrn_ed.

,;,1tr1 ririir
' rr;,1 ri:ir: l:

{i!?..ii1\t:3ij;t:rl: * Fci)il
"'tirii ?jjItstt*c'

ccll wall

qrll t:rirttr:l'liY
ti,,,iii:a l;'titi1 l!{t

iirii i ri. : {il-1i1' Uri\ 11e

Figure 8.7.4 TelopF,cse in
Animq.l cell

Figure 8.1..5 Telophase in
Plqnt cell

In plant cell, the cytoplasm does not constrict to form two new cells.
Instead a new cell wall is formed across the cell in the region
originally occupied by the equatorial plane of the spindle.

8
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Significance of mitosis
Significance of mitosis is that:
Growth; increase in body size due io formation of new cells and
tissues.
o Repair of damaged and woun,led tissues.o Renewal of blood and epidermal cells in skin.o Asexual reproduction is essentialiy a division or rnultiplication

by mitosis.
o The replacement of lost body parts in some anirnals

(regeneration).

Dear learner, after discussing the general process of cell division,
let us now study plant growth.

9
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8.1.3 GROWTH IN PLAIIIT'S

Growth in plants and developrnent are localized and take in
specific regions called meristems. it is caused place by active cell
division in meristemic regions (or cell division regions). The
principal meristematic re$ions are roots and shoot apex.

In tleese regions, cells retain the power of dividing. These regions
are also called apical meristems and the type of growth taking
place in these rcgions is called apical. Growth a characteristic
fea trirc cf piarris

How apieal growth takes place
Cells of the exti:eme tips of roots and shoot apex are constantly
undergoing cell division. trurther behind the region of cell
elonpgation, the cells start to differentiate into various tissues and
take up variolr*.r functions in the plant. The meristematic regions
are distinguished by three regions or zones.

Zone of cell division
Zone of celi elongation
Zone of cell differentiation.

r()01 catp

:
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r::rit::, rtt :::i 
=-Figure 8.1..6 l-ongitudinal section through a root shousing

region of cell diuision o;nd cell elongation

Protection of delicate meristemic tissue
. Root apical meristems are protected by a cap made up of spongy

cells which are constantly being worrl up as the roots push their
rnay through. Root cap cel1s are repiaced by meristemic ceIIs.

Shoot apical rnerister:rs iin i:ucisi are protected by folding of soft
ieaves layers called prei-i:ci'dia. This fold envelops the apex,



Dear learner, can you tell us tJle source of plants?

This question brings us to the concept of a seed.

Seed and Seed Germination
A seed is a fertilized ovule. A seed usualiy consists of the following
parts.
o Testa:This is the seed coat which covers the seed.
o Hillum: 'lhis is a scar which marks the place where the seed

broke from the wall of the ovary.
o Endospenn: It is the part of the seed in which the seed food is

stored e.g. in castor oil and rnaize.

In other plants there is no separate food storage tissue and the
food is stored in the cotyledons. such seeds are said to be non-
endospermic. E.g. bean seeds. A seed with two cotyledons is called
dicotyledonous seed e.$. beans, castor oil seed, and groundnuts.
Cereals including rraaize, wheat and millet have only one cotyledon
hence monocot5rledonous seeds.

plurnule

tadi0ie

ccrtyledorr

WITH STED COATS frHI\,IOVED

Figure 8.7.7: Strueture of a seed

The Empbryo
This is a growing part of a seed when supplied \Mith all essential
conditions made up of highly meristematic cells.

l1
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Forn sholris
attach e$bryo to

cotYt.dstl

Figure 8.7.8: Structure of seedling
Germination

ACTTVITY 1

Observation of germination in pcas and maize
o Germinate some peas and maize grains in two separate pots.
. Make sure that all conditions necessary for germination are

available.
. Observe the seeds daily for about seven days.
. Seedlings are emerging from the soil.
. Compare your diagrams \Mith those in fig. 8.1.9 and 8.1.10
. Label your diagrams.

Germination is a growth of embryo of a seed into seedling.
There are two types of germination namely;
i.) Epigeal germination
ii.) Hypogeal germination

Epigeal germination
This is caused by faster growth of hypocotyls. This is the type of
germination whereby cotyledons are pulled upward above the
ground level as germination proceeds. This type of germination is
corunon in dicotyledonous plants e.g. beans. A few dicotyledons,
however exhibit this type of germination.

t2
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cotyl

f irst folra-qe leaves

trypoc()tyl

{i

Figure 8,7.9: E;pigeal germination

Hypogeal germination
Caused by faster growth of epicotS.,ls:
This is the type of germination in which the cotyledons remain
below the ground level as ger-mination proceeds. This type of
germination is coflrmon in rnost monocoWledons and few
dicotyledons.

13
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'..-, f.1'1136;.- leat

f.(]l

r;.iLJ icle

cole.r hiza

fibrsus roots
(gXrowing fron':"
[:ast; of coleoptile]

Figure 8.1..7A: Gerrniruation oJ maize grain

Conditions necessary for gernnination

ACTIVITY 2

Fimd Gut conditions for seed tion

"4Institute of Adult Education ODL Study Materials

Gbtain four mediurn size tubes (test tube or any relevant
tube). Label them a - d;
:\t the bottom of each tuLre , put some cotton wool;
Place a few mature r^naize grain i.n each of the tube;
In tube a and b add just enough water making sure that
cotton wool is completely soaked;
In tube c, add enough water to completely flood the
seeds.
Don't add any "nvater in tuhe 4;
Place the tubes a, c and d under rr)om temperature;
Ptrace tube b in a very cold piacc such as a refrigerator.
The experirnental set u-i: shouiri. be kept for at least seven
days.
In wh"ich tube did thc gcrieine"l..t*n take place and why?

a

o

o

c

a

a

o

a

c

C

did due not take in other tubes?



A seed can only germinate if certain conditions are present. These
conditions are:

. Supply of water

. Supply of oxy$en
' Suitable temperature
. Seed viability
. Maturity of seed
. Enz5rmes.

Water
Dry seeds contain only 10 - 2Oo/o water molecules, and as long as
they are kept dry, they will not gerrninate unless some water is
added. If it is placed in water a seed will rapidly increase in weight
and size owing to the absorption of water (imbibition) through the
micropyle.

Water dissolves stored food and softens the taste. Due to this and
increasing pressure of absorbed water through micropyle, the taste
burst to permit the embryo to emerge (radicle first). The process of
water absorption by seed is known as imbibition.

Oxygen availability
AJI seeds need oxygen for germination in order to release energy by
the process of Respirati.on.

Temperature
A certain minimurn ternper:ature is required for a seed to
germinate. 'llee requirement of arnount of temperature varies
according to the species of plants: e.g. those grou'in$ in tropical
countries require a higher temperature whereas those in temperate
regions require low temperatures. These influence enqlrnes to
control biochemical reactions in a seed.

Seed viability
Seed must be alive in order to $erminate. Seeds vary in length of
life span.

Maturity of seeds
Seed must be fu115, ripened and not dormant. Some seeds fail to
germinate immeCiately after their foirnation even though other
conditions are available (seed dormancy). Seeds of this kind must
be treated or crushed first.

Enz5rmes
Dnz,lzmes are needed for breaking down stored food.

15
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DORI\{ANCY

ACTTVITY 3

Causes of seed dormancy
Dormancy in seeds can be caused by:

(a) Restrictions
The seed may fail to germinate due to the restriction imposed
by seed coat. The restriction may be purely mechanically
imposed by seed coats which allow water and gases to
penetrate but prevent expansion, until broken. Also
restriction may be due to formation of extra layer on the
coat.

(b) Rudimentary embryo
In certain plants such as orchids, the seeds are shed before
the embryo has reached its maturity. such seeds will fail to
germinate until the embryo completes its development.

(c) Chemical inhibitors
These are chemical substances which inhibit internally in
the seed. They prevent gennination by preventing cell
division.

After covering plant growth let us now see animal growth.

16
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Collect seeds of different species such as maize, grain millet,
coconut, mango and cashew nuts. If those seeds are not available
select any other provided they are seeds that belong to different
species.

Germinate them at the sarne time and record the germinating of
each seed. Did they germinate at the same time/date? If not

This us to the of seed

Dormancy is a persisting stage or condition with a very low rate of
metabolism in which growth ceases. It is seen in seeds, spores,
buds, fruits and organs such as bulbs, corns, rhizomes and
tubers.

Dormancy is the means to sunrive adverse conditions of low
lack of moisture in and winter conditions



8.1.4 GROW'TH IN AIIINUALS

Human Postnatal Growth aemd tsevetroprnent
Growth in animals takes place i:r ail b*iiy cells. This is caused by
the type of cell division callcil miri-:sic. This tvpe of growth which
involves the whole body is calll,-i Cyf{t'sed arou;th. The hurnan
growth and development passes ihlr-;r-lgh a life c)rcle which ieads
to old age and ultimately death. If;i*li $tagie of the life cycle has
its unique characteristics and heaith needs.

Figure 8,7.77: Life cgcl.e *f hwm.anbeing

Stages of Human Postnatal Growth and Development

Infancy:O-5years
- At this stage, children start to be ctlrious abou.t hor,v babies are;

may play \Mith their genitals. They become interested in seif-
learn/self-identiflr.

- At this stage, adequate nutrition is very important for the bab3,
to promote physical and inteiiectr-ral development. Breast
feeding is necessary up to tivo vears if possible.

Children:6-lOyears
- These are school going age children. xlhev try to adjust to schooi

settings.

At this stage the children want to look like ernanate and act like
peers. During the late years of this stage of growth, the pubertal
changes may be noticed. At this stage the children should be
informed about changes in their bodies, especially girls should
be prepared for onset of menstruation. Both boys and girls
should be provided with information on STDs and HIV/AIDS

t1
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Conception

Adolescent

Baby
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Adoleseence: 11- l-9 Years
- --,-- -i-:s s::t. tr,,1'rrir.- ri-:-::rs. 'ihr 'olological changes occuring

ar i--.1'i:rir-. :l=arh define rnaies and females reproductive roles.
F:r rnstalce, rrenslruatioii cccui:s in the girls at puberty
i;-ldLcating lhal the giri can conceive if she meets a man
sr-xuall1., r\iso, the Lroys have tkreir first emission of semen
(sperms) especiaXly during wet dreams. As a result puberty
triggers inte::ests and desire in the opposite sex and curiosity to
knorv them better.

'l-he aciolescer:"ts need to be prorrided with correct information
regarcling their sexuaiity. -Iirey shouid be provided with
rr:producr.i:'e healt-h inforrnation and services to help them avoid
getting $il-!va.nf ed pr-egn ancies.

Adult: 2* - SS years
- At this stage. the grovrn up per:pk: start leaving home during

earlir adult stage tcl start their o"wn life. Parents should prepare
their ininds {br this period to prevent uncle mortal stress. This
is becaus*, at Lhis stage ol' growth, individuals are ready to
asslrri-re great responsi-biiity like marria$e, family formation and
parenting, which includes rearing of children.

'lhe reproductive health needs such as family planning are very
important to help married coupie space the birth of their
children and iirnit the sizes of farntlies.

Old age: 6O Years and above
At ti:is stage, sorne physical changes take place;
a 'ltie skeleton shrinks, skin loses elasticity and become wrinkled
o l{air'l,:ses pigmentation and become grey
a Ger:erally there is a decline in sexual activity

The old men and women need education about their sexual
chang*s, unrealistic expectations of one's sexuality may create
Lrnnecessary emotional difficulties.

18
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8.1.5 THE GROWTH PATTERIII IN ANIItIAtS Arl[D PLASITS

Growth Pattern in Plants
The curve of plants always shows tJre sigmoid shape e.g. then
intact annual plant shows that weight of very young plant tends to
decrease slightly as the food reserves in the seed are used up. This
loss is made up when the first leaves develop and function photo
synthetically. Gradually the rate of increase in weight becomes
more and more rapid until it becomes fairly constant at a high
value. This high rate is maintained until maturit5r is approachea
and then the rate declines slowly.

This kind of growth can be plotted on a graph and appears as
follows:

grcnd period af growrh*-*_***-.*n

I**** J

peri*d of
.slow grr:wth

neriod *f rnpid
g rcwrh

time *-r

1
j

*c
tl

o
r_
t7,

!

I
I
I
I
l
I
I

I
I
I
t

-*J

Ei- r; a

Figure 8.I.I2: Er"awth cwruefor o:ftrtua,t piant

Perennial or woody plants
These plants never reach maxirnurn size , but each year tleey add to
the previCIus yearly growth. This shorn s a cr-l!:ve corresponcting to a
series of sigmoid curves aclded together (i.e . the top of the sigmoid
curve is never quitc tlat)" Ttrris kind of growth is described as
unlimited grorv[h.

19
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s€ries r:{ sigrncrid

tilrre *--,+

Figure 8,7.73: Perennio.l Groutth curoe

The Growth Pattern in Animals
Many layers of animals exhibit unlimited growth, though the
growth iate is diminished with age. It must not be thought,
however, that such animals can or do live forever.

In the case of higher land animals such as the birds and mammals
it is true to say ihat growth is limited. A maximum size is reached
beyond which no growth is made. The same is true to some
insects.

The exact shape of the growth curve of a mamrnal depends upon
the speed at which sexual maturity is reached. The growth curve
of human being after birth being an example of manlmals shows
two distinct phases as shown on the curve below'

*d*le:ccnce crduit stoge sen etce fi ce

rcpid grawth

juvenile stcge

i
1

I
I

I
I
I growth

birtlr

Figure 8,7.74:
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rnterpretation of above patt*rra i-*f, pE?an grexrtFr eurve:

1' The_child grows very fas[ ii::-- t'ire L]rree years'f its rife, ancdoubles its height from S r* IU.Jr:n:.

2' It then stops growing foi: a p*ri*ri. Iluing this time a childfills out, tfrit is the bldy becor::es ar".,*ui*"."'

3' Growth starts again, and continues fairly steadiiy until theonset of puberty (about 13 y6a1sy

4. luring puberty (from about 13 to 1E years), growth at firstalmost stops for a short time, and then accelerates.

5. Afler puberty, groyth gradually slcws dor,*re and stopsaltogether at about the agE of ig.

Growth pattern of Animars wlai*fu Mourts e.g. some insectsThe animal shol'g lapid gror,"'iii i,:, a p".rJc in-rmediately aftermoulting (ecdysis) before harden:ng of r-r -.keleton. "lhese animalswhich moult exhibit a sTEp - LIKD Fartern or gro*trr.

1
s

'g

lst
mcult

?nd
mr:u l!

3r*
rn-E>i."t!t

i

I

l

Figure 8'l.rs: step - rike #rowtlt cunsef,or insects

,l
!

1

;,errt;:ri cif r"i€l !; r1}'.*.rr-ii

period +:- re piri gr*wr:i"r

t.ii*lre --*----**+
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8.1.6 SUMMARY OF THE TTNIT

Growth is an irreversible increase in body size and weight in an

organism ".r*"d 
by synthesis of new organic materials, cell

difrsion, cell enlargement and cell differentiation.

Mitosis is the division of the cell (somatic cells). Growth in plants

occurs in localized areas called meristematic tissues found at the

tip of roots and shoots (Apical growth)'

Growth in anirnals occurs in all cells of the body (diffuse growth)' A

seed is a fertilDed ovule. Germination is a growth of an embryo of

a seed into a seedling. TWo types are recognized i.e. Hypogeal and

Epigeal germination.

seed. dormancy is a resting stage or condition of a seed with very

low rate of metabolism in which growth ceases'

Plant exhibits a type of graph called sigmoid while animals like

insects exhibit a step - like pattern'

Before proceedirg Jurther, complete tle Jollowtng exerctse.
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rnterpretation of above patt*rr* -*f, mare gr*rnr*fu eurqre:

1. The child grows very fas;- ii:ri" r!r* "i-hr*e years of its life, and
doubles its height from E t,* iiJi.ir:i:i,

2. It then stops growing for a ;;r,;;:+:d. *urhis this ti*le a chirdfills out, tfrit iJ the b6dy becomr:s L-::+ac{er.

3' Growth starts again, and continues fairly steacrihr untir the
onset of puberty (about 18 years)

4. During puberty (from about IB ic iG -rears), gror.vth at first
almost stops for a short ti::ne, anci then icceierates.

5' After puberty, growth graduaily slol*rs dol,,tr and stops
altogether at about the age of 19.

Growth pattern of Animals whieh &rouEts e.g. sorne insectsThe animal shows rapid gro.,-ttir in a periJd immediatelv aftermoulting (ecdysis) before harde::ing of' e>:isiieleton. rhese animats
which moult exhibit a STEp - LiKtrb;rtterrr. r,rr g16rnr;1.

t
I

I

_-f

a

lsr
rnou lt

?nd
nrr:u lt

.3rd
yrra:: lt

I

i

I
f
j

*:*r'ir*d *f n* gr*i*'th

i(--.- p*ri*d ,;f r"*pid gr<;"+rh

iirr"re --*---*--+

Figure 8-7.75: step - like G*oufh cunsefor insecfs
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8. 1.6 SUMIVIARY OF THE Ul\[tT

Growth is an irreversible increase in body size and weight in an
organism caused by synthesis of new organic materials, cell
division, cell enlargement and cell differentiation.

Mitosis is the division of the cell (somatic cells). Growth in plants
occurs in localized areas called meristematic tissues found at the
tip of roots and shoots (Apical growth).

Growth in animals occurs in all cells of the body (diffuse growth). A
seed is a fertitDed ovule. Germination is a growth of an embryo oI

a seed into a seedling. TWo types are recognized i.e. Hypogeal and
Epigeal germination.

Seed dclrmancy is a restin$ stage or condition of a seed with very
lorv rate of metabolism in which growth ceases.

Plant exhibits a type of graph called sigmoid while animals like
insects exhibit a step - like pattern.

BeJore proceedttg Jurther, complete the Jollowing exercise.
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8.I.7 SELF CHECK EXERCISE

I E4plain the following terms
(i) Growth.
(ii) Mitosis.
(iii)Apical growth.

2. rn which two parts of the prant body does growth take prace?

3. (a) Define the term germination

(b) Mention the types of Germination

(c) List down the conditions necessary for germination

compare aour onsr.rrers uiththose atthe endoJthrs unit

23
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E. 1,8 TUTOR }IARKED ASSIGNMENT

Mensterns
Apical growth
Localized gro-wttt
Seedling

(c) Outline four roles of water to the $erminatin$ seed
(25 Marks)

S. (a) With weII labe1ed diagrams differentiate between hypogeal

$ermination and epigeai germination'

(b)Explainhowgro.*4hininsectsdiffersfromthatofother' 
animals like a human being' 

(28 Marks)

4'outlinetheevents,"vhic}roccuratthesestagesofhuman
growth:
(a) InfancY
(b) AdolesceRce
(c) Adult stage
(d) Senescence (25 Marks)

24
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L ta) ErPlajn the term seed
(b)Takehvoseedsofbeanandsoaktheminwateroverni$ht,

cut one seed in longitudinal section (l'S)

(i)p'.*-",arau"eronehalfcontaininganembryonicplant
(iil State it" ft"t"tion (S) of each part you labeled'

(25 Marks)

2. (a) Differentiate between growth and development

(b) Explain the meaning of the following
(i)
(ii)
IuI,
(iv)



8.I.7 SELF CHECK EXERCISE

1. Explain the following terms
(i) Growth.....
(ii) Mitosis....... .....i..
(iiilApical growth.

2. rnwhich two parts of the plant body does growth take place?

3. (a) Define the term gerrnination

(b) Mention the types of Germination

(c) List down the conditions necessary for germination

compane aour a.nsurers wtth those qtthe end" oJ this unit

i:t. it. tiud L-..i |;7p
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8.1.8 TUTOR MARKED ASSIGNIIvIENT

l. (a) Explain the term seed
(bJ Take fwo seeds of bean and soak them inwater over night,

cut one seed in longitudina-l section (LS)

(i)Drawandlab"eionehalfcontainin$anembryonicplant
(ii) State the function (S) of each part you labeled'

(25 Marks)

2. [a) Diflerentiate between growth and development

[b) Explain the meaning of the following
(i] Meristems
(iil Apical growth
(iii) Localized growth
(iv) Seedling

(c) Outline four roles of water to the germinating seed
(25 Marks)

s. (a) with well labeled diagrams differentiate between hlpogea-

germination and epi$ea\ gerrlrna\rDrr'

differs from that of cii:::

(25 Marks)

(b) trxplain hrovr $rorn'tli in insects
animals like a hurnan being'

4. outline the events which occur at these sta$es of human

growth:
(a) Infancy
(b) Adolescence
(c) Adult stage
(d) Senescence (25 Marks)

24
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8.1.9 ITEY ANSWERS TO SELF CEEECK EXERCISE

1. (i) Growth is the irrer,er-sibie ;ncre;:se in bod---- siz:e ar-ld weight
of organisms.

(ii) Mitosis is a somat:c {-i:*ii-y; cell riir,ision' it resul'ts in the
formation of new ceils r.rtth t}:t same nurnbr:r of
Chromosomes

(iii) Apical growth is a localizcd gr*rv-th w'hich takes place in
apex of plant roots ancl shoots.

2.
Shoots (tip)

(ii) Roots (tip)

3. (a) Germination is the growth cf an emtrryo of a seed into a
seedling.

(b) (i) Hypogeal germination
(ii) Epigeal germination

(i)

(c) (i)
(ii)
(iii)
(iv)
(v)
(vi)

Water
O>gzgen
Temperature
Seed viability
Maturity of a seed
En4rmes.
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TIITIT 8.2
GENETICS
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8.2, O. 1 INTRODUCTION

Dear learner, Biologr as stated earlier is the study of living
things. So far you have discussed all characteristic of living
things. In each topic you have learnt how organisms extribit
them and their role. In general they enable organism to grow and
develop. Neither of those characteristics explained why some
people are tall while others are short or why some people can roll
their tongue while others can't.

Genetics rvill ansr,ver these and many others. Genetics deals with
characteristics of organisms. It tells you how these
characteristics erre transmitted to offspring from parents and to
successive generations. 'Ihis unit \Mill give you knowledge on
different diseases u'hich are genetically transmitted. It will also
give explanation on its application in improving our crop and
animals production.

4.2.0.2 oBJECTTVES

At the end of this unit you should be able to:-
. trxplain the meaning and importance of genetics

" Outline various terms used in genetics
c Describe genetic materials and their roles
o Mention types of variation and their causes
o State Mendels 1st inheritance
c Describe monohybrid and crosses of contrasting traits and

its ratio

" Explain inheritence of albinisms, tongues rolling, and sickle
cell anaernia.

. Ilxplain complete and incomplete dominance.
o Explain the concept of incomplete dominance and

codorninance.

" Illustrate patterns of inheritance that deviate from Mendels
first law of inheritance.

o Explain the meaning of sex and mechanism of sex
determination, inheritance and development

. Explain sex linked characters.
o Name the corrunon genetic disorders and their causes.
o trxplain inbreeding and outbreeding and give advantages and

disadvantages.

28

Institute of Adult Education ODL Study Materials



8.2.L CONCEPT OF GENETICS AI$XS Y.*"&REr1?-ESF{'

In reproduction we have l*trnl t"i:i.it there are two types of
reproduction; sexual reproductror:. aruci a*exual reproduction. In
asexual reproduction the ner,r.'ly icr.cieci crgarrisil]s are exactly
equal to the parent i.e. totai nes*vrilrla-nce. I-Icr*revei:, in sexually
reproducing organisms, the offspring rrscrnbies their parents but
not in total as they share cha.ractcrs of two parents (rnale and
female). Resemblance is due to the fhct that in each genetic
nucleus there are genetic materials responsi'ble fnr transrnitting or
passing characters from parerlts to the off,spring.

Differences seen in offspring of the sarne parents are a result of
different arrangement of genctic rnaterial coml]ilnents (genes) and
the external environmental factors. The stud_v of how characters
are passed from parents to the off springs and successive
generation together with the diffr:rcnces in the off spri.ngs is called
genetics. Therefore genetics is thr: str,rcly <li hei:cdil-y' and variations.

Variations
Dear learner, it is obvious that no tr,vr.r organisms iook exactly the
same. Even identical twins cail. }:a';c iittle variations due to
environmental influences.

Differences in appearance s}:a,vr-n 1:3r onganisms belonging to the
same species are called uo.nt*.r-ioru. Fhenotypic appearance of any
characteristic is deterrnined by certai{i gene{si. The extent to r..vhich

certain characteristics develop rna3," he inftru.enced more by the
environment.

Types of variations
There are some characteristics lvithrn a popr:lati,:n'ur.hich exhibit, a
limited form. Variation in this case shows clear - cut differences
with no intermediates betwer:n tilem. "Ihis kind of variation is
known as Discontinuous var€a*ioms c:' quaht;itlve inheritance.
Example: Blood groups and tcngue r,-.rl.1ilrg etr:. A persnn is group A
or AB forever. It will ner./er change .

The second type of variation is knor,"ry? as eontimucrls variation.
These are variations which show a compiete gradr-lation frorn one
extreme to another without any break. For exatnple rnass, I,,v'eight,
shape, skin colour.

Characteristics exhibiting continuous vanations are p'roduced by
the combined effect of many genes (pol-vgenesi ancl *nvironrnental
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factors. Indi','idually each of these genes has an effect on the
phenotlpe but their combined effect is significant.

Sources/cause of variation
Asexually reproducing organisms shorv very little or no variation
due to DNA replication being nearly perfect.

Variation occurs even in identical twins. I believe you know that if
twins are subjected to different environment e.g. very cold and very
hot they will physically look different.

You also kno$, that If one is given enoLrgh balanced diet and the
other starved or just given food to sustain life, they will look
different. 'Iihis gives an example of cnvironment as one source of
variation.

Other sources are:
. Crossing over during meiosis may result in variation. These

groups move as whole in a certain chromosome without being
passed to the other (homologous chromosomes).

Independent assortment/orientation of chromatids during
interphase l. That is, each chromatids decides the direction of
movement frccly.

a

a

a

Random fusion of gametes e.g. X'X" * XY
X' can fuse with X or Y
X" can fuse with X or Y
XY looks different from X'X
Even XY looks different from X"Y
However, gene reshuffling becomes major source of variation.

Mutation
This may be due to change in chromosome or gene number.
Gene anrangement may be disturbed by x-ray or any other
ultra-rays or strong chemicals.

Heredity
Heredity is the transmission of characters from one generation to
the next, that is, from parents to their offspring. Because of
heredity, offspring resemble their parents. It is owing to heredity
or self-reproduction that we corun<lnly observe the phenomenon of
"like begets like" that is a seed of orange develops into an orange
tree or the offspring of a dog is a puppy, and that of human beings
is a human being on1y. This resernblance is due to the fact that in
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each nucleus of a cell there is a genetic material known as DNA
found in the chromosomes. The genetic constitution depends on
these genetic material DNA (and RNA).

RNA - (Ribonucleic acid) - is a simple strand made up nitrogenous
bases. This is mainly for protein synthesis and not for heredity.
DNA - Deo>ryribonucleic Acid is a double helical strand (ladder like)
polynucleotide chain in which the two strands are joined together
by hydrogen bond. DNA is purely hereditary material.

DNA is capable of zipping up. This cnables it to replicate. DNA
arrd RNA are parts of chromosomes. They are giant
macromolecules which are longer than any kind of protein in the
body.

NB: Nucleic acid is made up of nucleotides or monomers of
nitrogen bases. These combine together to form chain of nucleic
acid.

DNA is made up of phosphate group, pentose sugar (five-carbon
sugar) and nitrogenous bases. There are four nitrogenous bases.
These are adenine, guanine, cy,tosine and thyrnine.

g

fIg
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'.' ", '&l ' ? -''' 'Fcav€ *f eBle #H& fficlia*ul*

*deni ne

purines

{:rilonine

E*ch 'stap' *f the
DNA'lerdd*r'is
m*de up of a ptir of
nitrogen*us bc:es
held tegether by a
hydr*gen b*,nd"

r t'l€

pyri nrid i nes

ph *splrate
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The {rqme sl rlre
ladder is rn*de af de-
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altern*tely elnd in a

lin*or rrig.n*er,

Figwre 8.2.7: IlntrA molecwle in aform oJ double helix
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Genetic Terms
o Gene: The basic unit of inl:.eriianca 1"*r a given character'

a Allele or Allelomorph: ont of tirc alternative ftrrms of the

same gene responsihle fcr .Jcterrnining contrasting
characteristics.

Locus: position of allele within llNA molecule '

phonotype:The external (morphclo$icai) appearance of an

individual for any trait or traits is called the pheilot54pe,

example for seed I round or wrinklecl, animals ireing short or

talt.

Genot54le: The $enetic constitution of an organism with
respect to the alleles under consideration'

Dominant: The trait which expresses in Fl or is the allele

which influences the appearance of the phonotype even in
the presence of alternative alleie.

Recessive: The allele which is srippressed idoes not appear)

in the Fl (it appears only in licrmozygous form i.e. in the

presence of other recessivei.

IrL - The first filial genera-iion. The generation produced by

crossing homozYgous Parents'

Homozy$ous: The diploid condition in ivhich the aLleles at a
given locus are identical e.$. A,q., 'ff, GG, SS, BB'

Heterozy$ous: The diploid condition in wtrrich the alleles at a

given locus are different e.$. Aa, Tt, Gg, Ss, Bb'
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8.2.2 MENDEL'S I,AW OF INTIER'TTANCE

Gregory Johann Mendel was born on July 22, 1822 in Moravian,
Austria. He died in 1884. He was a monk, and a teacher of
Physics and Natural Science. He did a lot on genetics by
performing several experiments perceptively with precision and
thoroughness. Flowever, his work was not recognized at that time.
f 6 years later, scientists conlirmed that Mendel's law of
inheritance is applicable to other organisms as well and not plants
he used only. I{is experiments form a basis of modern genetics.
For that reason Mendel is called the father of genetics.

Mendelian lst Law of Inheritanee states that:

F'or more information on this law carefully read the table below.

Table 8.2.l Mendelian work - ts

I

31,

Institute of Adult Education ODL Study Materials

The characteristics of an individual or organisms are determined by
internal factors which occur in pairs. only one of a pair of such
factor (allele) can be expressed in a sin$le gamete" or "genes and are
responsible for the development of the individual and that they are
independently transmitted from one generation to another without
undergoing any alteration, that 1S a pair of constructed allelomorphs
are separated or segregated when gametes are formed and only one
\Mill be ssed a

Contrasting pairs (Allelic pairs)S/Flo. Characters
(Dominant) Recessive

I Form of seed Round Wrinkled

2 Color of cotyledons Yellow Green

3 Color of seed coat Colored White
4. Form of pod Inflated Constricted

5 Color of pod Green Yellow

6. Position of flower Axial Terminal
7 Height of plant Tall Dwarf

t



*

{
Parents

Genotypes

Gametes

Random

Fr Generation

Phenotype = all tall
Fr offspring are hybrids.

From the table he could pick one pair e.g. tallness. He chose two
varieties of garden peas - the tall and short (dwarfl. He crossed
them and planted the resulting seeds. A11 the seedlings in Fl
were all tall but in F2 (selfing trl), he found that "A *erJtall and v"

were short (dwarO. This can be iliustratecl hy the foliowing genetic
diagram.

o Let T represent tall character
o Let t represent short character

Father x Mother
(Homozygous)

Tt

x

Tt Tt Tt

All tall

on,allowing Ir1 offspring self poilination anci planted, results were
as follows:
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Parents Tall

Genotypes
Meiosis

Gametes-

Random

Fz Generation---- TT Tt Tt

x

x

Ta11

q,
Phenotype

Phenotypic ratio

Monohybrid ratio

Genotype

Genotypic ratio

Tall short
s/+

3

TT

I

V4

t
Tt tt
2:1

NB: 3:1 Ratio is known as Monohybrid ratio, (phenotypic ratio)

From the above, the character for tallness appears even in the
presence of short character, hence tall is dominant over short
character. Short character is recessive. It expresses itself only in
homo4rgous.
Tall= Dominant
Short = recessive

Dominant characters are represented by capital letter while
recessive is represented by small letter.

Calculations on Genetics
Crossing ratio can be obtained by counting number of offspring
produced.

For example: in a cross between tall and dwarf stem, 787 were tall
while only 277 offspring were short. Find the ratio of tall to short.

Answer: Tall : short
787 277

Ratio 787 277
2?? m

= 2.87:l
3:1
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Assignment B

(M

Remember
(i). 3: I ratio is obtained from two heteroqygous parents withcomplete dominant character.(ii) Hetero4ygous are obtained by crossing two homoTygousparents

Assignment
Assign letter and make cross to show how the folowing resultswere obtained.

l' shape of seed round x wrinkled (s424, rgso) (meaning -5474 were round and lg5O were wrinkled. ,2. colour of seed yellow x green (6O22,rOOi)
? yhape of pod inflated xionstricted (6g2 ,'22g)4. Position of flour axial x terminal (OS l, 2,OZ) '
5. Colour of flower red x white (2O5, 224)In solving these probrems do not use confusing retters e.g. cand S unless instructed.

Assignment 3 is done as an example for you

Inflated x constricted (6g2,22g)(i) Is this a monohybrid ratio?
Answer: inflated: constricted

682 : 229
= S : l(monohybridratio)

(ii) How do we get S: I ratio?
Answer: From a cross between TWoparents.

(iir) Which character is dominant

heteroqygous

Answer: since inflated are more B/a oftotar offsprin$then is dorninant and constrict"d (i /4) isrecessive.

How do we get heterozygous?
Answer: By crossing two homozygous parents i.e. TTand tt.

From above answers ret us now assign s5rmbols to representinflated and constricted.
Let E represent inflated
Let e represent constricted.
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From question iv - Parents were

Parents-- -inflated x constricted

Genotypes x

Meiosis

Gametes

Fr Generation Ee

All inflated

Parents- - - - - - - - - - -inflated x inflated

Genotypes x

Meiosis

Gametes

Fz Generation EB tre Ee ee
L]/

Phenotypes 682 inflated 229 constricted

Phenotypic ratio 682 : 229

3:1
Genotypes BB Ee Ee ee

Genotypicratio I : 2 : I

Now use this example to work on the remainin$ questions.
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Test Cross

ffffilif";: ,1:.:lf*Tejil1* "" unknown genotype with a
trxampre: Genot5r11 

-of,rons 
wingld drosophira may be LL or Ll. To:::3"# r;o*""r 

genotvpel trre'nv i" i"Ji^"i."""o with a doubre

If the unknown genotype is LL, then
Parents----------_long finged x
Genotypes

the cross will be as follows:

short winged

Meiosis
x

Gametes

Fr Generation LI LI LI

Lo.rg winged

ilffi"L:#f: j:H#fied the parents or unknown genotype is

If the unknown genotype is LI the cross will be as follows
Parents-----------long winged x short winged
Genotypes

x

Gametes

Fr Generation Ll LI

II
2
I

I ll
Lo.rg winged short winged.

Genotypes Ll Ll
Genotypic ratio

39
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since half is long winged and half is short win$ed, therefore

parents genotype ii t,t (Heterozygous dominant)'

Patterns of Inheritance That Follow Mendel's First Law

worked examples above, e.$. Albinism and sickle cell anemia'

Albinlsm
This is hereditary condition which is charactenzed by complete or

nearty complete Lb".n"" of melanin pigment in the skin, hair and

eyes.

The human skin colour is determined by melanin pi$ment' Lack of

this pi$ment can lead to sunburn due to exposure to ultraviolet

radiation.

Albinism is controlled by a recessive gene. Homozygous individuats

f<lr these gene are albinos where as the heterozygous individuals

are'normal

For any recessive gene to express itself in offspring, one must be

homozYgous recessive.

I,et "A'represent dominant gfene'

Let "a" represent recessive gene'

If normal man marries homozygous woman then all offspring will

be normal but carries.
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Parents:

Gametes

Fr Generation

Genotypes

Meiosis

Gametes

Fz Generation

Phenotypes:

Male Female

Meiosis

Aa Aa Aa Aa

All normal but carriers

If crossing between Fl occurs, the following are the results

Parents: Normal x Normal

Fertilization

x
x

x

.+! Aa

Normal Normal

Phenotypic ratio: 3: l
Genotypes: AA Aa Aa

Genotypic ratio: L:2:l
aa

4t
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Sickle cell anaemia
This is a killer disease where red blood cells bccome moon like.

They are killed by white cells because they appear to be foreign

bodies. They are inherited from parents and its inheritance obeys

Mendelian l"t law. People \Mith sickle cell anaernia are homozygous

recessive. A heterozygous individual is a carrier of the sickle cell

aneamia.

Irt*A" represent normal haemoglobin
Let "a" represent sickle haemoglobin

Parents normal sickle cell anaemic

Genot5rpes x

Meiosis

Gametes

Fertilization

Fr Generation HbAHba HbAHba HbAHba

A11 off spring are carriers' (normal)

Then selfing FI i.e. crossing a carrier and another carrier shows

the following results:

Parents: Normal x Normal
x

Genotypes
Meiosis

Gametes

Fertilizatlon

Fz Generation HbAHbA

normal

HbAFIba HbAHba HbaHba

normal ( sickle anaemia

Phenotypie ratio: 3:
Genotypic ratio: 1:

I
2 I
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Symptoms of sickle cell anaemia

A person becomes anaemico

a The red blood cells tend to change shape to sickle at low or(ygen
concentration

Since they are sickle like they tend to jam and in the blood
capillaries and small blood vessels hence preventing normal
blood flow.

Blocking of blood vessels causes pain in the anrl, legs, back and
stomach.

Haemoglobin of suffered person is FIba while the normal
persons is Hbr\.

Sex Linkage
It has been found out that the sex chromosomes carry genes other
than those concerncd 'ul'ith sex. They are known as sex-Iinkage
genes because such genes are carried on the sex chromosome but
have nothing to do with sex. Thus, genes located on sex
chromosomes and have nothing to do with sex are called sex-
linked genes. They tend to be inherited together because they are
located on the same chromosome.

If sex-linked genes are carried on the Y-chromosomes they will
follow the pattern of inheritance of the Y-chromosomes. If they are
carried on the X-chrornosome they will also follow strictly the
pattern of inhcritance of the X-chromosomes. Traits whose
expressions are governed by sex-linked gencs are called sex linked
traits. The gene for colour vision in human beings is a sex linked
trait since it is located on the X-chromosomes. The X-chromosome
carries many such gcnL's than the Y-chromosome i.e.. the Y-
chromosome has very fcw. Example of sex-linked characteristics in
human being are:
. Colour blindness
o Haemophilia
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Haemophilta
Haemophilia or bleeders disease is a sex-linked recessive condition
which prevents the formation of factors viii. These factors are
important in increasing the rate of blood clotting. Haemophilia is
characterized by delayed blood clotting resultlng in prolonged
bleeding. Even a small skin injury can lead to death due to
prolonged bleeding. It is controlled by a recessive gene which is
located on the X-chromosome. It can appear in two allelomorphic
forms i.e. normal (dominant) and mutant (recessive).

Genotype
XHXH
xHxh
xrryo
XhYo
xhxh

Phenot54le
Normal female
Normal female carrier
Normal male
haemophilic male
haemophilic female

'H" - Represents normal gene for blood clotting (dominant).

"h" - represents recessive gene for haemophilia.

Let us see a cross between normal male, xH yo. and a hetero4rgous
female, XHXh.

Parents Normal female
(carrier)

x

x

Normal male

Genotypes

Gametes

Fr Generation XHXH
Normal
female

XnYo
Normal

male

XHXh Xhyo
Normal Haemophilia
female male
(carrier)
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Colour blindness
It is a hereditary trait characterized by the inability to detectcertain colours of the spectrum.

The commonest colour blindness is the inability to distinguish redfrom green.colour blindness is controlled by recessive gene locatedin x-chromosome. It is more likely to olcur in males than infemales. For a male to be colour biindness, he neeQs to receiveonly one X-chromosome from his mother who is heterJt;;". b"the other hand, a female to be colour brind, she must receive thetrait from both parents.

In females, homozygous individuals are colour blind; whereasheterozygous individuals are nornal but carriers of the trait:
If a hete-rozygous woman marries a normar male, the results wilrbe as follows:

Solution:
Let "C' represent 

-the gene for normal colour vision. Irt ,,c,,
represent the gene for colour blind.

l,et a heterozygous woman be "xc x... and normal male ,xcyo,

Parents: Normal female

Genot5rpes

Meiosis

Gametes

Fr Generation XCXC
Normal
female

x Normal male

x

XcYo
Normal

male

XCX"
Normal
female
(carrier)

xcYo
colour blindness

male

45
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8.2.3 NON - MENDELIAIY INHERITANCE

Incomplete dominance and co - dominance:

Incomplete Dominance

Studies have shown that some characters may blend or mix with
others to form intermediates. These will appear in FI. When this
happens, Mendelian lst law does not apply.

Example: When red flowers are crossed with white flowers, pink
flowers are observed in Fr.

Let'R'represents red
I.et "W" represents white

Parents....... Red x

x

White

Genotypes

Gametes

Fl Generation RW RW RW

All pink

All offspring are pink

Let us see what happens when Fl offspring are allowed self-
crossing.
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Parents

Genotypes
Meiosis

Gametes

Fz Generation

Phenotypes

Phenotypic ratio

Pink

RW RW ww

2

Pink x

x

RR

Red

tI

This is not 3:1 since there is blending i.e. pink.
Genotype: RR RW RW WW

Genotypicratiol : 2: I

From above it is clear that red colour is not dominant over white,
also white is not recessive to red. This condition is known as
incomplete dominance.

Co-Domlnance

sometimes, when two alleles are present, both are fully
expressed, such a situation is known as co-dominance. Tr;
characteristics are determined by several roffiich
are called multiple alleles.

E.g. In human beings blood groups there are three alleles A,B,
and O. A and B are dominant while 'O'is recessive.

These occur as follows:

GenotS4tes Blood groups

IAIA or IAIo llroup A
IBIB or IBIo group B

IBIB group AB

IoIo group O
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Suppose group 3'A" heterozygous man
heterozygous woman. Their children will
combinations;

marries group "B"
show the following

Parents Father x

xGenotypes

Gametes

Fertilization

I'r Generation

Phenotype

IAIB

AB

IAIO

A

IBIO

B

IOIO

o

NB: Co-dominance = parents characters are shared but also
appear in Fr
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*"2.4 SEX INHERITANCE AI{D DETERMINATION

We are the products of our parents; mother and fiather.
Therefore what we have origiinate from them. This includes our
sex. Sex is either being a female or a male.

.Sex Determination
Human ce}l (nucleus) is composed of 46 chromosomes (2n). In
the gonads, these are reduced into a half (n) or 23. Durin$
fertilization, male will supply (n) 23 chromosomes and female (nl

23 chromosomes. Combination of (n+n) if successive, resembllng
organism witl be produced. Out of 23 pairs involved, one Pair ls
a i.* pair. The remaining 22 are autosomes. A sex pai{ in Woman

contains two identical chromosomes, )O( while a sex palr ln a
man contains non identical chromosomes XY.

During fertilization male supply only one sex chromosome -
either X or Y. Female supplies only X. When combinatlon takes
place, a boy or a girl will be formed X +Y = XY (a boy) or x + X =
k (" girl). Therefbre the father is responsible for children sexes.

If they-are imbalanced i.e. only girls or only boys or more gflrls

than toy", he is responsible because his Y will form a boy whlte
his X rr"i1l fottt a gir.l. The mother is innocent on these problems.

NB: X is longer than Y. Y is faster than X. X has longer llfe sPan

compared to Y.

F'rom above it is clear that male may encounter problems
especially 'uvhen recessive harmful gene is carried by X. lt rnay

"rir""" itself in male if it falts on that area where no Y as shown
below.

Any recessive gene will have effect in male if harmful.

xy

Recessive gene will have no effect as the other X suppresses lts
OCCLIITCNCC
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8.2.5 GENETIC DISORDERS

Genetic Disorder
Certain genes cause diseases more likely in adulthood; examples
are breast cancer, coronary heart diseases and diabetes. Thii is
because gene can undergo mutation: some mutation is fatal. Some
cause varylng degrees of harm, generally referred to as genetic
disease. But some mutations are harmless.

Genetic disorder can be caused by chromosomal abnormalities:
Chromosomal abnormalities means entire chromosomes or 1arge
segments of them are missing, duplicating or alleviated. Examples
of this kind are the Down syndrome, Turner's syndrome ancl
Klinefeltres s5rndrome.

Down s5rndrome
This is due to non-functional chromosomcs 21 during anaphase of
the meiosis. It is more cornmon during the female e{g production.
It is a failure of whole chromosomes to separate frence in meiosis II
chromotids fail to separate. lleis is the type of mutation known as
translocation. But can also be caused due to mother's age. Down
syndrome is also correlated \Mith the mother's "-g. Most
children with Down sSmdrome show typical facial featur[s which
include;

- tryelids which apparenfly start upwards.
- The face is typically flat and round.
- Mcntal retardation.
- Short stature and relatively small skull due to poor skeletal

development.
- Heart defects occur in about one-quarter of Down,s s5mdrome.- Increased risk of infections, particularly respiratory and ear

infections
- Course, straight hair.

Kllnefelter's s5rndrome
This is dtle tcl extra X chromosomes. Genetically an individual is
therefore )cff instead of XY and the sufferer nai +z chromosornes
instead of 46. This is an example of trisomy. Characteristic of the
disorder is as follows;

Infertility - sperns are never produced, although erection and
ejaculation are possible.

Usually taller than average.
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8.2.4 SEX INHERITANCE AI{D DETERIVilNATION

we are the products of our parents; mother and father'
Therefore what we have originate from them. This includes our
sex. Sex is either being a female or a male'

Sex Determination
Human cell (nucleus) is composed of 46 chromosomes (2n)' In
the gonads, these are reduced into a half (n) or 23. During
fertilization, male will supply (n) 23 chromosomes and female (nl

23 chromosomes. combination of (n+n) if successive, resembllng

organism will be produced. Out of 23 pairs involved, one palr ls
. J.* pair. The remaining 22 are autosomes. A sex paiq in wolnan

contains two identical chromosomes, )O( while a sex palr ln a
man contains non identical chromosomes XY'

During fertilization male supply only ole sex chromosome -
either X or Y. Female supplies only X. When combinatlon takes

place, a boy or a girl wilI ba formed X +Y = XY (a boy) or X + X =
k t" girl). Theref6re the father is responsible for children ae;(e6.

If theliare imbalanced i.e. only girls or o{y -!oys 
or more glrls

than toy", he is responsible because his Y will form a bo-y-whlle

his X rvil1 form a girl. The mother is innocent on these problems'

NB: X is longer than Y. Y is faster than X. X has longer llfe span

compared to Y.

From above it is clear that male may encounter problems

especially when recessive harmful gene is carried by X' It rnay

.rir."" itsetf in male if it falls on that area where no Y as shou'n

I

below Any recessive gene will have effect in male if harmful'

xy

Recessive gene will have no effect as the other X suppresses lts
occurTence
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8.2.6 GEI\IErIC DISORDERS

Genetic Disorder
Certain genes cause diseases more likely in adulthood; examplesare breast cancer, coronary heart diseascs and diabetes. This isbecause gene can undergo mutation: some mutation is fatai. Somecause varying degrees of harm, ,generally referred to as geneticdisease. But some mutations are liarmtess.
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Genetic disorder can be caused by chromosomal abnormalities:chromosomal abnormalities means entire chromosomes or rargesegments of them are missing, duplicating or alleviated. Examplesof this kind are the Down 
"5 d.o*., "T,r*..," 

syrrdrome andKlinefeltres sSmdrome.

Dowrr s5rndrome
This is due to non-functional chromosomcs 21 during anaphase ofthe meiosis. It is more co*mon during the femate efg proir"tiorr.It is a failure of whole chromosomes to separate hence in meiosis IIchromotids fail to separate. This is the typ. of mutation known astranslocation. But can arso be caused due to mother,s age. Downs5mdrome is arso correrated with the mother,s 

"g. Mostchildren with Down syndrome show typical facial features whichinclude;

- Eyelids which apparenily start upwards- The face is typically flat and round.- Mental retardation.
- short stature and relatively small skun due to poor skeletaldevelopment.
- Heart defects occur in about one-quarter of Down,s syndrome.- Increased risk of infections, particularly respiratory and earinfections
- Course, straight hair.

Kllnefetter's sSrndrome
This is due to extra X chromosomes. Genetically an individual istherefore )off instead of Xy and the sufferer i,is +T chromosomesinstead of 46. Tli* is an exampre of trisomy. 

- 
crru.r."teristic of thedisorder is as follows;

Infertility - sperms are never produced, arthough erection andejaculation are possibie.

Usually taller than average.



Some breast development, although this is not necessarily
obvious.

Fligher than usual FSH secretion for males. FSI{ is follicle
stimulating hormone produced by the pituitary glands in both
men and women.

Truck may show signs of obesitY.

Little facial hair.

Voice pitches highcr than normal.

Educational difficulties and behavioural problems are tairly
cornmon.

Tlrrner's syndrome
Turner's syndrome is due to missing X chromosomes
genotype is therefore Xo, instead of )O(.

The

Person suffering from Turner slmdrome has the following
symptoms:
- Infertihty - ovaries are absent
- Averagin$
- Short
- Small uterus
- Webbed neck may occur
- Pufff fingers with deep set finger nails which are more convex

than normal.
- The hair at the back of the head is lower than normal

NB: Some disorder results when mutation causes the protein
product of single gene to be altered or missing. trxample is the
sickle cell anemia.

Inbreeding and Outbreeiling

InbreedinE
This involves crossin$ clc,sely related individuals to maintain
desirable traits.

Advantages of inbreeding: Desirable characters are maintained.
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Dlsadvantages of inbreeding:
- lncase of any change i.e. environmental cha,rtr4es, meilhers of

this group will be unable to adapt.
- There is quality loss and poor produce

Outbreeding
Thls ls the crossing of distantly related varieties.
may show hybrid vigour.

Such hybrids

:Hybria vigour refers to the superiority reached in the offspring
havlng the desirable traits of both parents. Example of a hybrid
pnrduced by out breeding is a varieff of cattle called zeb:u

Advantages of outbreeding:
- Quality is improved.
- Desirable characters are shared.
- New specles can be formed.

Dlsadvantage of outbreeding: Bad gene can be introduced
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Turner's syndrome
Turner,s sy,ndrome is due to missing x chromosomes. The

genotype is therefore Xo, instead of )O('

person suffering from Turner slmdrome has the following

s5rmptoms:
- Infertility - orraries are absent
- Averaging
- Short
- Small uterrrs
- Webbed neck may occur
- Puf$z fingers with deep set fin$er nails which are more convex

than normal.
- The hair at the back of the head is lower than normal

NB: Some disorcler results when mutation causes the protein

product of sinile genc to be alterecl or missing. trxample is the

sickle cell anemia.

Inbreedin$ and Outbreeding

Inbreeding
This involr.es crossing closely related individuals to maintain

desirable traits.

Advantages of inbreeding: Desirable characters are maintained'
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Dlsadvantages of inbreeding:
- lncase of any change i.e. environmental che,rges, merrher:..; otthts group will be uriable to adapt.- There is quality loss and poor pioduce

(tutbreedino
Thls ls the crossing of distantly rerated varieties. such hvbrirts
rnay show hybrid vigour.

:Hybrld vigour refers to the superiority reached in the offspring
havlng the desirable traits of both paients. trxample or a nyuriaptoduced by out breeding is a varietyof catile called zebu

Advantages of outbreeding:
- Quality is improved.
- Desirable characters are shared..- New specles can be formed.

DMvantage of outbreeding: Bad gene can be introduced
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Application of Genetics

Dear learner,
genetics?

can you tell me where do we apply

The main application of the genetics is to produce a new breed by
crossing over two individuals of different quality characters.
Therefore the inborn qualities of plants and animals 'cd.n be
improved by selective breeding. This is called cross - breeding. This
process can produce new breeds of animals and plants which
posses desirable characteristics of each parent.

Example
C = large grain. High production but very poor in draught

resistance and diseases.

L_ small grain.
and diseases

Poor production but very resistance to draught

Parents CC X cc

Hence

Cc Hybrid

Animals can be crossed the same \May.

Boran x Jersey/Fresian

Qq improved breed

Oq is improved breed with required qualities

Character shared
Cc - High production
. Lar€e seed.
o Resistance to disease.
. Resistance to drought.
o Improved seed hybrids

8.2.6 GENETICS IN USE

I
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8,2,7 SUMIVIARY OF THE UI\I"IT

Genetics is the study of how characters are passed from parents to
the offspring and how they are expressed. It also deals with
differences in individuals of same species. Genetics is divided into
heredity and variation. Heredity deals with character transmission
while variation means differences in individuals. Variations are of
two types;

- Discontinuous variation shows character differences with no
intermediates between them e.g. blood groups.

- continuous variation shows complete gradation from one
extreme to another without any break e.g. skin colour.

Heredity is controlled by genetic material DNA which is a double
helical strand made up of genes - character carr5ring units.
Mendel Johann G. is the father of genetics. He formulated laws of
inheritance.

First law of Mendel states that "Genes are responstble Jor ttrc
deuelopment oJ the indilsidual and that theg are tndependenflg
transmittedJrom one generation tge another tuithout undergoing arry
alteration",' that is a pair of contrasted allelomorphs are ieparated
or segregated when gametes are formed and only one will be
expressed by a single gamete e.g. when tall and short flowers are
crossed, offspring will be either tall or short.

First law gives phenotypic ratio 3:1. Incomplete dominance is one
of the non Mendelian pattern giving l:2:l phenotypic ratio instead
of 3: I ratio.

Genetics help in determining blood group of off springs. Genetical
diseases like haemophilia and sickle cell is due to sex linked
character (character carried by x chromosome).

Genetics is applied in animal breeding and crop production.
Improved breeds (hybrids) are produced.

Be_fore pfoceeding complete the Jotlowing exercise.
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8.2.8 SELF CHECK EXERCISE

I Explain the following terms
(a) Heredity

(b) Gene

(c) Genotype

(d) Recessive.

(e) Homo4ygous

2 Explain the term co-dominance and give one example.

3. Mention 4 types of genetic disorders.

4. A woman with blood group 'A" claims that a man with bloodgroup "AR" is the father of her child. A blood test reveals thatthe child's blood group is "B". Is it possible that the woman,sclaim was correct? Explain you reason.

compare aour answer wtth those gtuen at the end oJ the untL
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4.2.9 TUTOR IT{ARKED ASSIGNMENT

I Distinguish between these terms
(i) Heredity and variation
(ii) Gene and allele
(iii) Discontinuous variation and continuous variation
(iv) Test cross and back cross
(v) DNA and RNA

(2O Marks)

2. In the experiment, a pure black mouse was crossed with a
pure white mouse. The offspring resulted in Fl, were all
black. After selfing Fl, 12o black mice and 4o white mice
were obtained.
(a) Identi$r the colour which was

(i) Dorninant
(ii) Recessive

(b) Show clearly how the results above were obtained.(c) What was the phenotypic ratio and genotypic ratio in
It2?

(d) In the results of F2, what is the probability that(i) The offspring were hornozygous black?
(ii) The offspring were heterozygous black?
(iii) The white offspring and btack were obtained(iv) The white offspring or black were obtained?

(3O Marks)
3. (a) Define the following:

(i) Mendelian lst law of inheritance
(ii) Sex linked characteristics
(iii) Sexinheritedcharacteristics

(b) There is a dispute in a newly wed couple. The mother
has given her first birth to a baby girl who is albino.
The father sues his wife for divorce on grounds on
infidelity. If you happen to come across such a dispute
could your genetics help to solve the dispute? Explain
your reason.

(25 Marks)

4 (a)
(b)
(c)

Describe the term genetic material
Discuss the importance of genetics in our daily life.(i) Define the term cross breeding
(ii) What are the advantages and disadvantages of

cross breeding?
(25 Marks)
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F1r,

8.2.TO I(EY ANStr/ERS TO SELF CHECK EXERCISE

Parents Father

Genotypes

Meiosis

Gametes

I

2

Fr Generation

Genot54res

3.

IAIB

AE}

Institute of Adult Education ODL Study Materials

(a) Heredity - is the transmission of characters from onegeneration to the next generation that's from parents totheir offspring

(b) Gene is the basic unit of inheritance allele for a given
character.

(c) Genotype - is the genetic constitution of an organismwith respect to the aleles under consideration.

(d) Recessive the allele which is suppressed (do notappear) in the Fl generation

(e) Homozygous: the diploid condition in which the allelesat given locus are identical.

co-dominance is the character of two alleres to express itserf
9gryT"tly over another. one exampre of co dominance is
:{Bo blood group inheritance. parent characters are sharedbut also appear in-Fl. Suppose group A heterozygous manmarries group B hetero4ygous woman then chil-dren willshow the following combirr.Iiorr.

x

x

Mother

IOIO

o

Albinism, sickre ce[ anaemia, Down s5mdrome, turner,ss5mdrome, Klinefelter,s s5mdrome.

IAIO IBIO

BA
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4. The genotypes of blood group ",A." will be 'AA" or "AO".
Genotypes of blood group *AB" is "AB".

Let us see the possibility of getting a baby with blood group
"8" if the genotypes of mother is "AA".

Parents
Genot5pes

Women x

x

Man

Meiosis

Gametes

Fr Generation

Blood group

IAIA

A

IAIB

AB

IAIA

A

IAIB

AB

From the crossing above, the possibility of getting a baby
with blood group '8" if the genotypes of mother is "AA" is
zero.

If the genotypes of mother is "AO", what is the possibility of
getting a baby with blood group "8". Let us see the crossing
below:

Parents Woman x

x

Man

Genotypes

Gametes

Fertilization

Fr Generation

Blood group

IAIA

A

IAIB

AB

IAIO

A

IBIO

B

From the crossing above it is possible that woman's claim was
correct since clmong the offspring produced V+ has blood group "8".
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T]NIT 8.3
EVOLUTION
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8.3.O.1 INTRODUCTION

The Earth we live on is fuIl of different organisms. Do you know
where they came from or originated? Were the past/previous
org€rnisms exactly the same as we see them today? Why
individuals in a population belonging to the same species (e.g.
humans) vary so much in characteristics across the continents?

These questions and others will be answer.a i., this unit, called
EVOLUTION. Bvolution is the last unit in the series of the Biologr
course modules. Therefore, I wish you all the best in your
biological life cycle.

8.3.0.2 oBJECTnTES

At the end of this unit you should be able to:
. Explain the concept of organic Evolution.
o Mention sources of evidence which support organic evolution.
o Investigate evidences and application of organic evolution in

the real life situation.
o Outline the basic ideas about the origin of life.
o State the theories of the origin of life.
o State Lamarck's and Darwin's theories of Evolution.
. Outline the merits and demerits of Lamarck's and Darwin's

theories.
. Explain the theory of natural selection in relation to the

mechanism of evolution.
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8.3.1 CONCEPT OF ORGAI{IC EVOLUTION

In the previous unit you learnt how characteristics are passed

from the parents .to the offspring. This tells us why sometimes
the child looks like a photocopy of either the father or mother'
He/she real looks similar to them.

In this unit you are going to learn about where or$anisms
originate. The question like where did life ori$inate. \[rhat was
the-source of life? And the theories which support evolution will
be answered. You will see that people differ in this view. However,

scientific evidence will always remain true since it can be proved

or tested. For more information relax and join us this interesting
unit.

Evolution is the development of differentiated or complex
organisms from pre-existin$ less differentiated or simpler
organisms over the course of time (rnillions of years) or
Organisms evolve/change from simple pre - existin$ ones to more
complex organisms over a long period of time.
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8,,3.2. THEORIES OF THE ORIGIN OF LIFE

There are different theories that try to explain the origin of life onBarth. The major theories are:

Special creation
states that; "life. was created by a supernatural being/God at aparticular time". The created organisms remain the same
throughout the years despite the changes in the environment.

Spontaneous generation
states that "Life arose from non-living matter (life-less objects) onnumerous (many) occasions.,'

Steady State Theory
J-ir9 

n1s no origin that is, the trarth had no origin and undergoeslittle changes if at all. Like-"vise, species had no origin" .Nhat isthe Earth has always been able to support life.

Cosmozoan Theory
"Life arrived on this planet (the trarth) from elsewhere in the
universe."

Biochemical Evolution Theory
"Life arose according to chemical and physical laws.,, Despite allthese theories, no single theory was certain/sure to justisr howlife originated on trarth. They were just speculations [no truth inthem). with further studies, bioltgists came up with a newtheory to explain the origin of life on darth.

The Theory of '.organic evolution"
organic evolution is the gradual (progressive) development oforganisms from pj-" - existing simple fo*" to more- complexforms over time. This pro"."" of change in structure (form) andfunction is determined by gradual change in the genetic
composition of a population over time thro,rgn tr,. g.rr"ritio.r".
The mechanisms of organic evolution involvJ natural selection.Let us now learn how Lamarck's and Darwin's theories support
organic evolution.
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8.3.3. I.AIT,IARCK'S THEORY OF ORGAI{IC EVOLUTION

One of the biologists who tried to explain organic evolution was
Jean Lamarck. He formulated a theory known as Lamarkism.
"The theory of use or disuse of body parts and inheritance of
acquired characteristics." Lamarck arrived at his theory of
organic evolution through the following deductions:

- The environment in which organisms live is constantly
(always) changing.

- A change in the environment creates new needs in the
organisms living in it.

- TfG new behavour leads to use or disuse of certain or$ans in
the organisms.

- Frequent uses of a body part/structure leads to greater
morphological (structural) and functional development (the
structure)

- Disuse of organs makes them become small in size and
sometimes disappear altogether.

- The organs acquire new characteristics which are passed to
the next generation i.e. are inherited.

Example 1
The ancestor of giraffes had short necks and short legs. Because
the land was so dry with no grasses, these giraffes had stretched
their necks and legs in order to feed leaves on tall trees. The long
necks and legs characteristics were passed (inherited on to the
next generationq up to the present giraffes

It

'll
{t
,tJ

it
tl

uShort necked
ancestor

Neck keeps stretching to
reach leaves higher on trees

..1.i.

Further stretching

Figure 8.3.1: Deuelopment of q lllodern long necked giralfe
a.s explained bg Lamarck
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Example 2
The web between the toes of aquatic birds e.g. ducks, developed
due to frequent spreading of the skin betweenlhe toes in ordei to
swim and search for food in water and escape (run away)
predators/enemies.
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Merits of Lamarckism
- The law of use or disuse of organs (structures) is correct.- Eg. Body building exercises, increase the size of muscles.- Lamarck was also correct to say that environmental changes

cause changes of the phenotypic characteristic in organi"*".

Demerits of Lamareksim
- Acquired characteristics (traits) or characters learned from the

environment are non-genetic and do not influence the
genotype. Therefore, cannot be inherited by off springs.

E.g. If you cut off the tails of parent rats over generations, the
new born rats always will have long tails. It means that body
ceIl do not transmit characteristics to the next generations.



8.3.4. DAR1VINS THEORY OF ORGANIC EVOLUTION

Another great biologist on organic evolution was charles Darwin.
He carne up with the theory of organic evolution by natural
selection to explain the origin of life (species).

Natural selection is the mechanism by which new species arise.
He based his theory on the following observations in the
environment.

Obsenration 1
Individuals within a population have a high rate of reproduction
(high reproductive potential) i.e. they over reproduce.

Obsenration 2
The numbers of individuals in a population remain more or less
constant. From the two observations, Darwin deduced that;

Deduction 7
- Many individuals fail to survive or reproduce.
- There is struggle (competition) for existence (surrrive) with a

population for resources like food, space (plants) and mates

Obsersation 3
There is variation of individuals within all populations.
B.g" the human populations are not exactly the same in
characteristics. 'fhey vary in height, type of hair, skin colour, t54re
ofnose, sex etc.

Deductian 2
During the struggle for existence, individuals with variations best
adapted to their environment are able to reproduce offsprin$ than
those less well adapted organisms. The offsprings of these
naturally selected orgem.isms will inherit ma.ny of their parents'
favourable characteristics and continue to reproduce.

Merits of Darwinisms:
- Ife was right to say that species arise from pre-existing ones

over time.
- Individuals within a population vary so much.
- Individuals of a popuiation struggie/compete for survival for

resources like food, space and mates and only those who win
in the struggle are able to survive and reproduce i.e. the
environmental conditions have favoured them (natural
selection).
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Demerits of Darwinism:
- Darv\rin failed to explain how life originated on the Earth. FIejust tried to explain how new species originate.

- He did not understand how organisms keep on varying in eachgcneration on which natural selection could aci. ln other
vu'ords, he had no knowledge in genetics.

Natural selection is not always
damaging but can be a positive
adjustments within a population.

negative / destructive /
€ooa) mechanism) of

He was wrong to say that humans descended from apes
because up todate, apes have remained the same while
evolution takes place in each population. This is the descent
the theory humans posses or speciar creation which is
believed by the people in religions.
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8.3.5 EVIDENCE OF ORGAII[IC EVOLUTION

Observations have shown that the process of evolution is slow.
Dear learner it takes millions of years for any significant change
to be noticeable as an evolutional change. This means that
orffianic evolution can not be easily proven by experiments. Thus
sc{*ntists approach the subject by referring to the evidences that
support the idea that evolution is taking place.

The following are the evidences of organic evolution:-
- Fossil record
- Comparativeembryology
- Comparative physiologr
- Comparative anatomy
- Geographicalisolation
- Vestigial organs
- Behaviour affinities
- Classification.

Evidence from fossil record or palaeontology
Fossils are the remains of plants and animals that lived millions
of years ago. These remains are usually of bones or teeth of
animals and roots, leaves or stems of plants. When fossils are
arranged on a time scale from the earliest to the most recent
forms, the following are revealed,

The more recent the fossils, the more complex and the more
they tend to resemble the living species.
Older fossils, in general differ more from the present day
or$anisms.

This meEu3.s that organisms have been changing with time. The
extinct organisms represent the ancestors from which the
organisms living today originated.

Comparative anatomy
Comparative study of the anatomy of groups of animals or plants
reveals that certain structural features are basically similar.

Institute of Adult sau.u:i:r, oDL Study Materials

How do you know that evolution is taking place?



For example, the fore limb bones of nearly all the vertebrates(animals) are built basically on the same pattern \Mith similar
bones arrangement in about the same ordei and position. -lhis
similarity implies that those organisms arose from a corunon
ancestor which had that basic plan.

For example: - Forelimbs of whale, human being, birds, horse, bat.
See fig 8.3.2 for more details.
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Comparative embryology
The study of the development of the embryos of related animals
shows great similarities. For example, at certain stages of
embryonic development some groups of animals (vertebrates) look
very similar. For example the embryos of fish, frog, reptiles, birds
and mammals are very similar at early stages of development. This
suggests that all vertebrates arose from a corunon ancestor (see fig
8.3.3.).

Fish Bird lVlan

' Figure 8.3.3 Comparatiue embryologg

Comparative physiology (biochemistry)
The complex reactions of respiration in living or$anisms are
basically the same in all species. Likewise photosynthesis shows
great similarities in a wide range of plants. The presence and
function of nucleic acid, DNA is universal in living things. Such
basic resemblances point strongly to common origin for all living
things.

Geographical distributlon
The organisms are adapted to their environment to a gpeater or
lesser extent. If the biotic and biotic factors within a habitat are
capable of supporting a particular species in one geographical
area, then one might assume that same species would be found in
a sirnilar habitat in a similar geographical urrea. But studies show
that plants and animals are not evenly distributed throughout the
world. The places with the same climatic conditions in different
regions of the world do not always posses the same animal forms
for example, elephants are found in Asia and Africa but not in
South Arnerica. This means that animals evolved in certain locality
and spread into those habitats which they could reach.
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Vestigial organs
These are small or non-functional imperfectly developed organs.
Many organisms have obvious structures which seem to serve no
useful purpose but which continue to be developed from one
generation to the next. For example in man the caecum appendix
and coccyr<.

Behaviour affinities
This shows that organisms whose patterns of behaviour are similar
are more likely to be closely related than those whose behaviour is
very different. For example, a young chimpanzee is held by its
parents in a way comparable to the way in which human babies
are held or nursed. This shows that chimpanzees and humans
have corrunon ancestry.

Classification
Most classifications we use today are natural and phylogenetic. A
phylogenetic classification is one based on evolutionary
relationships. In such a system organisms belonging to the same
groups are believed to have a cornmon ancestor. The structural
similarity between organisms which forms the basis of a natural
system of phylogenetic classification, suggests the existence of an
evolutionary process. These similarities and differences between
organisms may be explained as the result of progressive adaptation
by orga.nism within each taxonomic group to particular
environmental conditions over a period of time.
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8.3.5. STIMIT,IARY OF THE UNIT

Evolution is defined as the gradual change of or$anisms from
simple pre-existing ones to more complex ones over a lon$
period of time (millions of years).

Different theories explain the origin of life e.g Special creation,
spontaneous generations, steady state, cosmozoan and
Biochemical evolution theories.

Organic evolution incorporates gradual change in genetic make
up of pre-existing organisms to get more complex organisms
over time.

Lamarck explained organic evolution basin$ on use or disuse of
body parts and the influence of the environment on organism

basing on inheritance of acquired charaeteristics.

Darwin explained organic evolution basing on natural selection
through observations and deductions. Organisms over
reproduce and struggle for existence.

There is also variation Ermong individuals belonging to the same
population. Those with favourable variations adapt while

those with unfavourable adaptations are wiped out. Both
Lamarck's and Darwin's theories have merits and demerits.

The following give evidence to organic evolution;
- Palaeontalogr/fossil record.
- Comparative embryologr
- Comparative physiology
- Comparative anatomy
- Vestigial organs
- Classification
- Geogiraphical isolation
- Behaviour affinities

B eJor e proce edtng complete the Jollowing e xe r cis e.
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8.3.6. SELF CHECK EXERCISE THREE

1. What is organic evolution?

2. State the main ideas of special creation.

3. What is natural selection?

4. List down the evidences of organic evolution.

5. Explain in terms of natural selection how aquatic birds
developed webbed toes.

----?-

Compare Aour artsu)ers ustth those gtuert at the end oJ this untt.
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8.3.8 TUTOR ITIARKED ASSIGNMENT

Nour qnswer the Jollou;ing questioins m the tuorkbook prouided and"
send to gour TutorJor marktrg antd commenthg.

1 (a)
(b)
(c)

Explain the meaning of organic evolution
Outline three theories which explain the origin of life
Among the theories you have outlined in (b) above
which one is true? Give reasons.

(25 Marks)

2 (a) Write down the main points of Darwin's theory of
organic evolution

(b) How could Darwin explain the long neck of giraffes in
relation to evolution?

(c) Explain the observation and deductions of Lamarkism
theory of organic evolution. 

(28 Marks)

3. With examples explain how the following support the theory
of organic evolution.:
(a) Comparative embryology
(b) Comparative anatomy
(c) Serology
(d) Cell biology.

(25 Marks)

With examples distinguish between
(a) Homologous and analogous features
(b) Convergent and divergent evolutions
(c) Survival for the fittest and natural selection
(d) Vestigial organ and paleontologz
(e) Speciation and species

(25 Marks)
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8.3.9 I(EY AI\ISUIERS TO SELF-CHECK EXERCISE

organic evolution_ is-the gradual change of organisms frompre-existing simple focus to more complex foc-us over time(millions of years).

The main idea of specials creation is that, ..Iife was createdby a supernatural being/God at a particular time.,,

Natural selection is a selection force which operate onvariations.

- Evidence from fossil records
- Palaeontalogr/fossil record
- Comparativeembryologr
- Comparativephysiology
- Comparative anatomy
- Vestigial organs
- Classification
- Geographicalisolation
- Behaviour affinities

Due to lack of food on the dry land, some birds had to lookfor food in water. In order to swim, they deveroped the webbetween their toes. These birds *.r." naturally selected.They passed on the webbed toes characteristics to their offsprings up to date.
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